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CONCRETE CONSTRUCTI ON

1. Purpose: This period of instruction is to provide you with the basic
know edge necessary to construct concrete projects.

2. Learning Objectives:

a. Ternminal Learning Objective(s):

(1) Provided a mssion, construction site, specifications, appropriate
power tools, power source, and references, construct concrete formto conform
to design specifications per the references. (1371.01. 11)

(2) Provided a mssion, construction site, specifications, engineer
masonry tools, cenent, gravel, sand, water source, specified mx ratio, and
references, mx concrete to ensure batches of concrete are of uniformquality,
conformng to the specified nmix ratio and safety precautions observed at al
times per the references. (1371.01.05)

(3) Provided a mssion, construction site, specifications, engineer
masonry tools, reinforcing materials, mxed concrete, and references, pour
concrete to produce a tight bond between the paste and course aggregate, and
fill the forns conpletely per the references. (1371.01.07)

(4) Provided a mssion, construction site, specifications, engineer
masonry tools, reinforcing materials, mxed concrete, and the reference,
finish concrete to produce the desired finish per specifications and the
reference. (1371. 01. 08)

b. Enabl i ng Learni ng Objective(s):

(1) Provided a mssion, construction site, tools, |unmber and
fasteners, as a nenber of a team without the aid of references, prepare the
subgrade to conformto design specifications per the references.

(1371.01. 11a)

(2) Provided a mssion, construction site, tools, |unmber and
fasteners, as a nmenber of a team wi thout the aid of references, construct
concrete forms to conformto design specifications per the references.
(1371.01. 11b)
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(3) Provided a mission, construction site, tools, lunber, fasteners
and reinforcing steel, as a nenber of a team w thout the aid of references,
install reinforcing steel in the formmrk to conformto design specifications
per the references. (1371.01.11c)

(4) Provided a mission to mx concrete, specifications, and a concrete
masonry tool kit, without the aid of references, select concrete tools that
will satisfy the m ssion specifications per the references. (1371.01.05a)

(5) Provided a mission to nmix concrete, specifications, a specified
mx ratio, a concrete masonry tool kit, cenent, gravel, sand, and water source
a construction site, as a menber of a team without the aid of references,
proportion wet and dry concrete materials to conformto the specified mx
ratio per the reference. (1371.01.05hb)

(6) Provided a mission to nmix concrete, specifications, a specified
mx ratio, a concrete masonry tool kit, proportioned cenent, gravel, sand, and
wat er source, a construction site, as a nmenber of a team w thout the aid of
references, mx concrete to ensure batches of concrete are thoroughly m xed,
of uniformquality and conformto the specified mix ratio per the reference.
(1371. 01. 05c)

(7) Provided a mission, specifications, a construction site, concrete
masonry tools, formwmrk and m xed concrete, as a nenber of a team w thout the
aid of references, pour concrete to produce a tight bond between the paste and
course aggregate, and fill the fornms conpletely per the reference.
(1371.01.07a)

(8) Provided concrete m x poured into a formand a screed board, as a
menber of a team wi thout the aid of references, |level the concrete to ensure
that all visual voids are filled and no hunps or depressions are present per
the reference. (1371.01.07b)

(9) Provided a mission and specifications, without the aid of
references, state, orally, the types of concrete finishes per the references.
(1471.01. 08a)

(10) Provided concrete mix poured into a formand float, w thout the
aid of references, float the concrete per the reference. (1371.01.08c)

(11) Provided concrete mix poured into a formand trowel, w thout the
aid of references, trowel the concrete per the reference. (1371.01.08d)

(12) Provided concrete nmix poured into a formand an edger, without
the aid of references, edge the concrete per the reference. (1371.01.08e)

(13) Provided concrete mix poured into a formand jointer, wthout

the aid of references, cut joints in the concrete per the reference.
(1371.01.08f)
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(14) Provided specifications, concrete m x poured into a form and
broom wi thout the aid of references, broomthe concrete (if required by
speci fications) to obtain a non-skid surface per the reference.
(1371. 01. 08g)

(15) Provi ded specifications and concrete mx poured into a form
wi thout the aid of references, cure the concrete to achi eve the desired end
state per the specifications and the reference. (1371.01.08h)

OUTLI NE
1. CONCRETE
a. GCeneral: Concrete is artificial stone. It consists of a mass of fine
and course materials known as aggregate, which are surrounded and held
t oget her by a hardened cenent paste.

(1) It contains 7% to 14% cenent. Cenent nostly contains |inmestone.

(2) Concrete contains 15%to 20% water. The water causes a chenica
action known as hydration, causing the concrete to harden and set.

(3) It contains 66%to 78% aggregate

b. Concrete as a building Mteri al

(1) Advant ages
(a) Econonical, versatile and readily avail abl e.

(b) Can be easily handled and placed in forms and can be cast into
any desired shape.

(c) Produces structures, which are lasting, pleasing in
appearance, and require conparatively little naintenance.

(d) Concrete has a high degree of conpressive strength. |[If placed
correctly, it will support al nost any wei ght.

(2) Disadvant ages
(a) Concrete has a lowtensile strength. Concrete pads, colums
or foundations are subject to tensile stress nust be reinforced with rebar or

engi neer stakes as avail able alternate.

(b) Concrete contracts and expands under various conditions of
noi sture and/ or tenperature.

(c) Concrete is porous to a degree and cannot be conpletely

wat erproofed. This is inportant in areas where the structure is exposed to
freezing and thaw ng.
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c. COVPONENTS OF CONCRETE

(1) CEMENT: There are 5 different types of cenent. The type of cenent
you use is dependent on what the specifications are for your m ssion. Type
cement is the cenent npbst conmonly used.

(a) TYPE | NORVAL CEMENT

1 General purpose Portland cenent

2 Suitable for nost projects

|

Pavi ng

1T

Si dewal ks

10

Bui | di ngs

[=X

Bri dges

3 Prior to mixing, it nust be stored in a watertight shed or
bui | di ng.

(2) AGGREGATE

(a) Aggregate consists of fine (sand) and course (gravel)
materials. The difference between sand and gravel is deterni ned by size.

1 Sand will pass through a 1/4" sieve, yet be retained on a
#200 si eve.

2 Gravel will pass through a 3" sieve yet is too large to pass
through a 1/ 4" sieve.

(b) Purpose of Aggregate

1 Aggregate is added as filler for strength and to cut down on
expense.

2 It minimzes the shrinkage of concrete as it sets.
(c) Natural Sources of Aggregate

1 Stream and riverbanks: Finer aggregates will be washed

downst r eam

2 Alluvial fans and bars: This is where one streamor river
enters into another, or a river enters into an ocean.

(d) Desirable Properties of Aggregate

1 Partially rounded. The snoother, rounder and nore el ongated
the aggregate, the |less paste required to cover each aggregate.
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2 Hard. Concrete will set hard, but if the aggregate is weak
it will collapse and affect the strength.

3 Durable. Hardened concrete is ammzingly durabl e under

constant heavy traffic. Poor qual ity aggregate will break down, reducing
durability.

4 Well graded. The ideal aggregate should contain various
size aggregate; the large particles will result in | ess cenent used and
smal ler ones will fill the voids.

(3) WATER FOR M XI NG CONCRETE

(a) Water is necessary to produce the hydration necessary to
harden concrete.

(b) A good mx has 1/2 of its water for hydration and 1/2 for
wor kabi lity.

(c) The anpunt of water used in a nmx is based on several factors,
(i.e. nmoisture in the sand, desired strength, etc.). For best results, nake a
trial batch

(d) Too much water will result in:

Loss of strength.

|=

N

Loss of durability.

([}

Lack of water tightness and | eaks.

|

Cracks in cured concrete.

o

Excessive bl eeding. (Water standing on the concrete.)

6 Dusting. Caused by cenment at the surface that has dried on
t he concrete surface.

7 Long waiting time to finish.
(e) Too little water will result in:

1 Astiff mxture.

2 Concrete difficult to place and finish.

3 More tinme and nore Marines required to finish the concrete.
(f) Water that is potable is npost suitable.

1 1t should be clean and free of oil, nud, sulfur, alkali and
aci d.
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2 Salt water and sand found in water can be and is used in the
construction of concrete.

|

A reduction in strength will result.

b Use the following rule of thumb to determine the
approxi mate | oss of strength.

(1) Salt water only - 10% reduction in strength

(2) Salt water and salty sand - 20% reduction in strength

(4) REI NFORCEMENT

(a) Although concrete is strong in conpression, it is relatively
weak in tension. But the reverse is true for slender steel bars. Therefore,

when the two are materials are conbi ned one nmake up the deficiency of the
ot her.

(b) The design of a reinforced concrete structure consists nainly
of predicting both the position and direction of potential tension cracks in

concrete, and in preventing the cracks by |l ocating sufficient reinforcing
steel across their positions.

(c) ldentification of stee
1 Defornmed Steel Bars - Bars are available in 11 sizes
desi gnat ed by

nunbers that range in size from3/8 inch to about 2-1/4 inch in dianeter.

2 Wlded Wre Fabric - Its primary use is to control crack
wi dt hs due to tenperature changes.

a Used to prevent shrinkage cracks.
b Does not add reinforcement.
(d) Fabrication
1 Splicing - Because reinforcing bars are available only in
certain lengths, you must splice themtogether for longer runs. |If one bar is

not | ong enough for the spans, never butt reinforcing bars. A conmon way to
splice bars is to lap them

a Principles.

(1) It is usually best to locate splices beyond the
center of a beam

(2) When possible, stagger the splices so that all of
them do not fall at the same point.
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b Met hods.
(1) The Splicing Method is satisfactory when bar spacing
is large, but do not use this nethod in a sinilar nmenber having severa

cl osely spaced bares, or when the overl apping section interferes with the
proper bar covering or formfilling.

(2) Lapping bars in a horizontal plane is the nost
practical arrangenent if the spacing provides enough cl earance for aggregate
to pass.

(3) Lapping bars in a vertical plane is used when the
aggregate is too large for the horizontal plane nethod.

(4) Lap Welded Wre Fabric should be spliced and tied at
one square plus 2 inches.

(c) Cut Reinforcing Steel with:
1 Bolt cutter
2 Hacksaw
3 Rebar Cutting Set

(d) Bending of bars - Hooks should be fabricated to neet
di mensi onal requirenents.

(e) Pl acenent

1 Spacing is based on specifications. Check alignment and
overl ap.

2 There should be a minimumof 1 1/2 inches to 3 inches of
cl ear space around the reinforcing steel depending on the of the size rebar
used.

(f) Supports

1 Al steel reinforcement nust be accurately located in the
forms and held firmy in place both before and during consolidation.

a Manufactured - High Chairs, Bolsters usually support the
hori zontal reinforcing bars and hold themin place during construction
Support horizontal bars at minimumintervals of 5 or 6 feet, and secure al
bars to supports and other bars using tie wires not smaller than 18 gage. The
twisted tie ends should project away froman interior surface.

b Field Expedient - Wre Fabric, Mrtar Cubes

(1) Wre fabric is sonetines used to pre-assenble the
reinforcing steel for concrete walls in place.
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(2) Mortar cubes can be made fromthe nortar having the
same consistency as the concrete, but w thout the coarse-aggregate. Spacer
bl ocks are usually 1-1/2 inches to 4 inches square, varying in length as
required. Cast tie wires into the blocks to secure themto the reinforcing
bars.

2. CONCRETE FORMS

a. Layout: the first step in form construction

(1) Batter Boards: A sinple nmethod using wood stakes, boards and
string to identify the outside dinensions of the structure to be built. They
are constructed using 2x4 stakes, with 1x3 boards nailed to them to which a
string is attached, as shown bel ow

UUTSDE FORW

EE
Nogune 1

T b

PLUME Lk
[ CUTHIDE CORMER
OF FOLINDA TION
WALL

BATTER BOARR

FAW EERF
DR MARL

b. Site Preparation

(1) Excavation: Footings and sl abs should be placed on undi sturbed
soi | having adequate | oad bearing capacity to support the designed structure
and no vegetation. A footing nust also be below the frost |ine.

¢c. Form Construction:

(1) Slab: The formis strong enough to hold the concrete. The formis
made using 2X lunber, and Stakes will be placed every 2 to 4 ft as dictated by
the size of the pour.

(1) Continuous wall foundations are constructed when heavy | oads are
to be carried, where the earth has | ow supporting strength and the structure
is of permanent-type construction. Because of the tine, |abor, and materia
required to build them this type of foundation is seldomused in the theater
of operation.

(2) Fornms nust be Square, level, and straight. There are two net hods
to acconplish this:
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(a) 3-4-5 Method: Using a Carpenters Square at the intersection of
your sting lines. You neasure three inches down fromthe corner on one |ine

and 4 inches down the other |line. Then neasure the distance between these two
Mar ks shoul d be 5 inches.

(b) Diagonal Method: Measuring fromone corner to the opposite
corner, do the same between the other two corners and ensuring that the
di stance is the same between them As shown bel ow

(2) Forns should be designed and constructed with sone thoughts as to
their renoval w thout damagi ng the concrete.

(a) Ensure the face of the sheathing has a light coat of oil on it
to keep the concrete fromadhering to the form

(b) Form nails (double headed) will be used, so they can be easily
pul | ed out.

3. CONCRETE M XI NG

a. Mxing by hand
(1) Ratio 1-2-3.
(a) One cubic foot of cenent.
(b) Two cubic feet of sand.
(c) Three cubic feet of gravel.

(d) Measure the water with a 5 gallon bucket. And measure the dry
i ngredients by making a 1 cube and 2 cube box. The 2 cube box is shown bel ow
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(2) Sand. Place a neasured quantity of sand on a clean, watertight
surface. A large mxing pan is shown bel ow

(3) Cement. Spread the cenent over the sand and mx it. Use a
concrete hoe to m x one is pictured bel ow

(4) Gravel. Add gravel to the dry materials a little at a tine.
(5) Water is nixed with the dry materials a little at a tine.

b. Mxing by machine. The Marine Corps has a nachi ne designed to m X
concrete, below are the characteristics of the m xer. Commercial units are
al so in use.

(1) 11S M xer

(a) The 11s is a 4 wheel ed, diesel engine driven, skip |oaded
concrete mxer with a capacity 11 cu. ft. The 11s mixer is equipped with a 12-
gal water tank mounted on the top of the mxer. This water tank will allow a
predet erm ned anount of water to be ejected into the drum

(2) Commercial Mxers: Due to nmaintenance problens with the 11s M xer
a few Engineer units in the fleet are using various nmodels of commerci al
m xers.
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(3) Ready-mix: For large concrete projects, concrete may be purchased
froma | ocal cenment conpany and the preni xed concrete delivered by a ready m x
truck(s). Tinmely delivery of enough concrete and pl acenent of the concrete on
large projects will require careful planning.

4. PLACE THE CONCRETE

a. To avoid segregation, place the concrete as near to its final position
as possi bl e.

c. Never allow concrete to free fall nore than three feet.

b. In wall forms, place six to twelve inches of concrete along the entire
form then place a second |ayer on top of the first.

d. Consolidate the Concrete

(1) General: Done to prevent having rock pockets and air bubbl es
present and bring the fine materials to the surface for the desired finish.
There are two nethods that are used to consolidate Concrete.

(a) Vibration: This is the best nethod to use. A vibration
attachnment conmes with the 250 cfmair conpressor

(b) By Hand: Known as Roddi ng the concrete. Using the a spade or
puddling stick (rebar or broom handle), or various type of tanpers.

(c) Whatever nethod is used to consolidate the Concrete pay
particul ar attention around reinforcenment naterials, sides, and corners.

5. FIN SH THE CONCRETE: Depending on the effect wanted, finishing m ght
requi re many operations.

a. Screed the Concrete: Screeding is the process of attaining a
prelimnary surface level with the formw thout voids or excess.

(a) Begin screeding as soon as possible.

(b) Strike off the surface of the concrete by nmoving a straight edge
(normally of 2" stock) back and forth with a saw|ike notion across the top of
the form Keep a small anount of concrete ahead of the straight edge to fil
in low spots and naintain a | evel surface. This is shown in the picture bel ow
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(c) For efficient screeding, do not go beyond ten feet w de.

(d) I'n normal operations, screed the concrete a second tine, to
remove the surge of excess caused by the first screeding.

b. Floating: Floating is used to enbed the | arge aggregate beneath the
surface; to fill up the hollows and iron out the hunps |left after screeding.
It gives an even, yet gritty, nonslip surface often desired for sidewalks,
dri veways, and some fl oors.

(1) Float the concrete imediately after screeding while the concrete
is still plastic and workabl e.

(2) Do not overwork the concrete or you may bring an excess of water
and fine aggregate to the surface.

(3) When a float finish is desired (sidewalk finish), float the
surface a second tine after it is partially hardened.

(4) Hand floats are made in two types 1-inch thick wood and Al unmi num
Magnesi um The Alum num floats will give the concrete a much snoot her finish.
Bel ow are pictures of Hand Fl oats

(5) Bull floats are used on | arge pads where the center can't be
reached with a hand float. Below is a picture of a bull float.
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b. Troweling: Trowel i ng produces a snooth, hard, watertight surface.
(1) TROWEL: Steel hand trowels come in many different sizes.
(1) 10" to 20" long
(2) 3" to 4-3/4" wide
(2) The Troweling should begin after the water sheen has di sappeared
fromthe concrete surface and the concrete has hardened enough to prevent

water and fine material fromworking to the surface.

(3) The Concrete has hardened enough to trowel it when thunmb pressure
barely dents the concrete surface.

(4) Troweling early or excessively can cause:
(a) Cracks
(b) Dusting
(c) Scaling

(5) Too long a delay before troweling results in a surface too hard to
finish properly.

c. Broom ng

(1) Brooming is using a hair broomon the concrete before it has
partially cured, usually after floating and troweling to produce a nonskid
surface.

(2) Whenever severe scoring is required, use a street broom

(3) Draw the broomover the surface at a right angle to the direction
of traffic.

d. Edging

(1) Produces a rounded edge on a slab or a wall to prevent chipping
or danage to the edge and to inprove appearance.

(2) After floating, run the edger back and forth until a finished edge
is produced. An edger is shown bel ow.
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(3) If marks left by edger are not desirable, renove them by floating
or troweling.

e. Jointing

(1) Jointing is used to predeternine the |ocation of any possible
cracks caused by shrinkage or heaving of frozen ground. Joints are placed in
si dewal ks and driveways at intervals equal to the width. On |arge slabs place
the joints at not nore than 20 feet intervals.

(2) It consists of cutting a joint partially through fresh concrete.

(3) The resulting joints are called contraction or control joints.

(4) Begin jointing after floating.

(5) Lay a 2"x 4" fromformto formwhere the joint is to be to act as

a straight edge. Run jointer along the edge to create a groove in the
concrete. Ajointer is pictured bel ow

(6) Renmove narks left by the jointer, if not desirable, by floating or
trowel i ng.

f. Expansion joints

(1) Consist of both space and filler to permt expansion novenent of
concrete.

(2) Used in pavenents and slabs | ess than 10" thick.

(3) Used when pouring a slab next to an existing one.
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(4) Used at intersections and around all structures in contact with
sl ab.
(5) Expansion joint filler

(a) Many different nmaterials may be used as expansi on joint
fillers.

|=

Bui | di ng tarpaper triple fol ded

N

tar inpregnated fiber board

|

Tar or mastic and shingles

|

1X lunmber (Il east desirable)

6. CURE THE CONCRETE

a. Curing is the npst inportant operation in the manufacture of good
quality concrete. Curing consists of steps necessary to keep concrete noi st
and near 70 degrees, until it is strong enough to do the job for which it was
i nt ended.

b. Methods of curing
(1) Additional Misture:
(a) Spraying. Spray water on the concrete surface either
continuously or as often as necessary to keep it noist. Start as soon as the

concrete has set enough that the spray will not mar the surface.

(b) Moist covering. Cover the surface with burlap, straw, sand,
or earth and wet down the covering.

(2) Preventing Moisture |oss

(a) Watertight covering. Use any watertight material to keep
noi sture in and the drying air out. (e.g. plastic, roofing paper, etc.)

(b) Curing Conpounds. Slows the evaporation of mpisture, it is
sprayed directly on the surface of the concrete after final finish is applied.

c. |l nproper curing

(1) Never sprinkle dry cenment or a cenent-sand m xture on the
concrete to absorb the water.

(2) Fine materials forma |ayer on the surface and are likely to cause
dust or hair cracks when the concrete hardens.

7. FORM REMOVAL: It is generally advantageous to |eave the forns in place

t hroughout the required curing period. However, it my be necessary to strip
forms as early as possible to permit their i mediate reuse, therefore here are
some steps to consider when renoving forns;
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a. Forms nust not be renmoved until the concrete is strong enough to carry
its own wei ght and any other | oads that nmay be placed on it during
construction.

b. The forms nust be stripped carefully to avoid damage to the surface of
t he concrete.

REFERENCES:
FM 5-742 Concrete and Masonry
FM 5-426 Carpentry

SH- 16



