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Concrete Block Construction*
By C. H. JEFFERSON**

Conerete masonry units, such as conerete block, cinder block, build-

ing tile and concrete brick, are widely used in farm building construction.
The economy, durability, and fire safety of concrete masonry for farm
structures are advantages largely responsible for its growing popular-
ity. Purpose of this bulletin is to present information that will be
helpful to those persons considering or doing concrete masonry.

SIZES AND SHAPES

A full-sized concrete block actually measures 734 inches high, 8
inches wide and 1534 inches long. When these blocks are laid in a wall
with a Y{-inch mortar joint the distance from center to center of the
mortar joints or from center to center of the blocks is 8 inches in height

Fig. 1. Various types of concrete blocks are available for varions spectal purposes,

“The nssistance of the Portland Cement Association in furnishing illustrations and checking this
bulletin is gratefully acknowledged

*#Former Assistunt Professor of Agricenltural Engineerng, now with Vermiculite Co., Evanston, 11,
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and 16 inches in length. Therefore these blocks are referred to as

standard 8 x 8 x 16-inch units, which are comparable in frame construc-
tion to standard size 2" x 4”s that actually measure 13§ x 334 inches.
Concrete masonry units are made in several convenient shapes and
sizes (F

g. 1). The standard 8 x 8 x 16-inch unit referred to as a con-

crete block is the size most widely used, although the standard 5 x 8 x 12-
inch unit called a building tile, is another popular size. In addition to
the standard full- and hali-length uni many speci

used for corner returns, door and window jambs and joist supports

s, there are | ones

which enable the mason to construct rapidly a neat, at

ictive wall.
Uses of several )-;pm‘i:l] units are illustrated 1)_\' the sketches in ]“i_E.'.’- )

TYPE OF AGGREGATE USED

Two general types of blocks are available. One, commonly known
s

a “concrete block™ is made of cement, sand and gravel. The other,
commonly referred to as a “light-wei

ht block” is made of light-weight
material such as cinders, ordinary slag, or burned clay and cement.
The “cinder block™ made from specially prepared and carefully graded
cinders is the most common light-weight block.

Both types are strong. Recent specifications require them to with-
stand 125,000 pounds vertical load per block for “A” guality and 90,000
pounds for “B" quality.

Light-weight units have about 25 percent better insulation value
than sand-gravel units of the same size. A light-weight block weighs
from 28 to 34 pounds for a standard 8 x 8 x16-inch si

re, compared with
about 54 pounds for a similar size sand-gravel unit,

The surface texture is relatively rough and porous and for all types of
external construction, the block should be water proofed. Light-weight
blocks usually cost from 2 to 5 cents more per unit than sand-gravel
blocks, the difference depending on the type of light-weight aggregate
used.

Sand-gravel blocks, owing to their greater density and water-resist-
ant properties, are suggested for below-grade construction unless cast-
in-place concrete is used. Sand-gravel units are also satisfactory for
above-grade work where insulation is not so important, for interior
partition walls, or where especially smooth walls are required with-
out plastering.

In general, it is best practice to employ an experienced mason to
build concrete masonry walls, especially for the more important struc-
tures. In small, less important work, any man handy with tools can

soon acquire the necessary experience to lay concrete masonry units.
Reference to the sketches shown in Fig. 5 will aid materially in obtain-
ing good construction.
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Fig. 2. Concrete block construction is widely used for milk houses.

COMMERCIAL VERSUS HOME-MADE BLOCK

Concrete blocks of good quality can be made at home when a supply
of high grade sand is available. Tt is more difficult to make satisfactory
cinder blocks at home owing to the fact that the proper type of cinders
are not readily available. Even when good cinders are available they
must be crushed, washed, carefully graded and sometimes treated to

Fig. 3. Concrete Wlocks make an excellent first-floor wall for remodeled barns
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remove sulfur residue. Therefore, it is usually impractical for an
individual to make either type of block just for his own use. The cost
of the necessary equipment to manufacture a quality product is often
at to allow economical production in small quantities.

too gr

TS

TABLES OF MATERIAL REQUIREME

The following tables will be useful in determining the number of
blocks, the quantity of mortar to use, the amount of materials needed
for various types of mortar, and the proper proportioning of materials

for cast-in-place concrete to be used for floors and similar solid slabs.

e 1—=Materials required for 100 square af concrete masonry wall above grade
|
‘H W 1 H W 1 H W 1 nm w I
Standard block 1
' x R i B"x4"x 10 W x B x 12 R x 12" x 16
Wall thickness 8 i L 12"
Number of blocks ‘ 110 1o 110
Cubie feet of mortar (%) e 34 W 34

*H=height
L=length
w

g. Other si less in helght

(See sketeh 6 in

TanLe 2—Materials required for different types of mortar

ks of Cubie
Type of mortiar coment * hyidra

el of | Cubje
lime i

Cement and saml 1 i} 3.1

Cement, lme amd sand 3¢ | 1 | a 3.2

*One sack of eement equals one cubie foot,

TasLe 3—AApp .fl.m.rr. amounts of materials required per 100 square fjeet of cast-i-place
concrefe, us a 1:214:3 mizx*
Thickness of conerate Cement Sl Conerele
ches) (sncks**) {eubic yard cubic yard)
|
1 72 3 1 1Yy
[ o, " 11% 1 134 2
8 15 184 | 134 a1

10.... 1915 13 214 a

b \\Illilll\lt. of sand and gravel required should be increased about 4 o 10 percent to allow for wiste
ather inh'

als one eubie foot

“fllll anck
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WALL SECTION DESCRIPTION INSULATING VALUE

17 sheathing, studs

B" concrete block

=

* cinder block

243

merete block, core loose filled with
anular insulation

2.63

17 siding. paper, 1* sheathing, studs,
and 1% sheathing

3.8

crete block furred—
insulation board

366

@ o © e 6 e e o

8" concr
furred—I1
board

led, and

44|

O]

87 cinder block, cores loose filled

500

®

8" cinder block, cores filled, and furred
—1" air space and 4" Insulation board

4
7
V)
V2
/A
[/
and 15 monation et~ "™ | W azs
(/A
[/
.

678

Fig. 4. Insulating value o types of walls commonly used in farm building con-

struction. (Values from American Society of Heating and | “entilating Engineers.)

INSULATION OF CONCRETE MASONRY WALLS

Farm buildings housing livestock need good insulation to conserve
animal heat in winter and to keep buildings cooler in summer. Insula-
tion also helps to reduce interior condensation and thus prolongs the
life of the building and equipment,

I'hree ways of providing greater insulation value in masonry are:

1. Using light-weight blocks.
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2. Nailing insulation board on furring strips attached to the wall.
This is the usual method in house construction. Plaster may be
applied on insulating board if it is a plaster-base type of insula-
tion.

3. Pouring a granular fill (crushed cinders, ground cork, expanded
mica or mineral wool) into the cores of the block as they are
laid in the wall.

eral typical masonry wall sections and the relative insulating
value of each are shown in Fig. 4.

Heat is lost more rapidly through windows, doors, floors, and roof
than through walls. Window openings in all livestock buildings should

be reduced to a minimum consistent with livestock requirements. Roofs
should be insulated with straw, hay, or other insulating material, and
eground floors should be constructed as shown by sketches 18 and 19
in Fig. 5 to reduce moisture troubles.

Dampness owing to condensation on inside wall surfaces can be

reduced by sufficient insulation plus adequate ventilation to remove
excess moisture. Condensation may occur within the core of the wall
unless a proper vapor seal is provided on the warm side. Asphalt
aluminum paint can be applied on the inside surface of the blocks, or
ating board may be

vapor-sealed ir 1sed over a layer of vapor-resist-

ant paper on furring strips.

SURFACE TREATMENT OF ABOVE-GRADE EXTERIOR WALLS

The exterior surface of masonry walls can be weather-proofed by
a coating of any standard brand Portland cement base paint. Several
commercial paints of this type are readily available in a wide range of
colors. Instructions accompanying these paints usually state that two
coats are recommended, the first coat being somewhat thinner than
the second. The paint is scrubbed on a dampened wall with a short
bristled brush (a scrub-br

w

1 is often used). The paint, after drying
just enough to stay on, should be kept moist for two days after the
application of each coat.

If such commercial paints are not available a satisfactory coating
for the outside of cement or cinder block walls can be made by mixing
white Portland cement with water to the consistency of thick cream.
This cement paint can then be applied in the same manner as suggested
for the commercial preparations.

WATER-TIGHT FLOORS AND BELOW-GRADE WALLS

Construction of water-tight walls below grade, and construction of
dry floors are shown in sketches 17, 18, and 19 in Fig. 5. These methods

should be followed whenever the water table is high or poor sub-soil
drainage exists.




Coxcrete Brock CoNSTRUCTION 9

WAVGUT SRLANG FIRST SET BATTER BOARDS AT SAME ELEVATION =
b FUT UP BATTER BOAR A HOSE WITH GLASS TUBES IN EACH END MAY BE
PT-CONMLRS, USED TO DO THIS
2. OUTSIDE EDGES ey
OF BUILDING. —— WATER LEVEL-~ o
PLUMB LINE— es _ wGLASS TUBES -
B (iaNi BIT8)
y T ese
37 MAKE LENGTH RIS "
| SET BATTER BOARDS AT ONE CORNER AS AT RIGHT
a2 ~. OF WALL TO FIT 2. PLACE HOSE AS SHOWN
WHEN LENGTH-A’ " CONCRETE MASOHRY 3 FILL WITH WATER UNTIL WATER LEVEL 1S AT
EQUALS LENGTH UNIT,  USUALLY TOP OF BATTER BOARD “A" ol
THE CORMERS FBLOCK & I-VERTICAL 4. MARK WATER LEVEL AT OPPOSITE END AND
ARE SQUARE WHEN 1 MORTAR JOINT EQUAL SET BOARD TO MARK.
| QPPOSITE SIDES ARE EQUAL. 16 1N, "
ADEQUATE FOOTINGS ESSENTIAL - START LAYING BLOCK AT CORNERS
GROUND, 71 e TP )
LEvEL 4011 L 4, BUILD CORNERS UP
i |r USING MASONS LEVEL
| TO KEEP PLUMB AND
0IG || | .
i
LDIG TRENCH
DOWN TO FIRM 3 FORMS TO MAKE 5 REMOVE FORM . . a1
SOIL BELOW FOOTINGS PROPIR AFTER CON- v 1
FROST. SIZE. FOR LARGE CRETEWARDDS| |2 ; : :
2 MAKE BOTTOM BARNSWe24, $+2. 6 SWEEP OFF ONE FLAT END AT
OF TRENCH FOR HOG nwgts. TOP OF FOOT- rabfrea] . —
FLAT AND LEVEL PRI HOUSES g peroRe 3. PLACE BED MORTAR FOOTING
WITHOUT LOAnE o r[mm'ugj-.i LAYING CON- HERE FOR NEXT
DIRT FILL. CONCRETE . CRETE MASONRY] a - .
BUILD WALL BETWEEN CORMNERS PLACING BLOCK
=STRETCH LINE BETWEEM |
+] NT= (= .~ PICK UP AS
proel | | comnERs TO LAY BLOCK TO =T SHOWN AND SHOVE
1l U2 FIRMLY AGAINST BLOCK
| '] PREVIOUSLY PLACED.
i o o
L1 et P-" L 2. STAND BLOCK ON
I | P (o ! -(;' END TO PLACE
L I !--T-l “5lH| womman For
I | 1 3 VERTICAL JOINT.
A I'n2 WITH SAW MARKS 8IN. APART HELPS
TO SPACE COURSES AT CORNERS,
BED JOINTS ARE ABOUT "B IN. THICK,
BLOCK SHOULD BE DAY WHEN LAIDIN WALL,
5.
SETTING BLOCHK MORTAR JOINTS ARE TOOLED AFTER MORTAR
HAS BECOME QUITE STIFF
— 1 BLOCK 15 LEVELLED
BY TAPPING WITH . ROOED'S OR Y
i SHAPED TOOL IS RUN
ALONG JOINT TO
—— 2.EDGE OF BLOCK
5SUST Toucres COMPACT MORTAR
LINE,
>mou:u JOINTS
3. EXCESS MORTAR IS ¥
v SCRAPED OFF. -
T 8.

Fig. 5. Details of masonry wall construction,
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BUILD ARODUND DOOR FRAME STEEL SASH BUILT INTO
CONCRETE MASCNRY WALL

E i 2 BUILD WALL AGAINST | 2. FLANGE ON WINDOW | JAMB BLOCK
DOOR FRAME . EXTENDS INTO FOR STEEL SA?H
3. USE FULL LENGTH RECESS IN e

AND HALF JAMB JAMB BLO

< »/-1

5.5T “ BLOCK (STEEL SASH)

FITS INTO g0 7 NEXT T0 FRAME, 2
BLOCK - ; e, )

GROUND: w1 ~=4_PRECAST

1 ConCRETE
- II SiLL
4, BOLTS THROUGH FRAME AND LAID |

IN MORTAR JOINT HOLD FRAME IN WALL 3. FILL RECESS /
WITH MORTAR ¥

USE REINFORCED CONCRETE LINTELS ACROSS OPENINGS, BUILDING INTLRIOR WALLS
TWO-PIECE LINTEL FOR ! EVERY SECOND 2

STEEL SASH — 1 COURSE LAID INTQ T
ONE ORt TWO-PIECE MAIN WALL ——— < 0
LINTEL FOR .~ ¢

7ig
1 Tl
A A HSTERL
L WiNDOW FRAME
L-TSETSIN BETWEEN
" LINTELS ALSO INTO /|
SILLS. —®
LINTELS ARE REIN-
FORCED TO CARRY WALL
m LOAD ABOVE OPEHINGS 12

I-‘ INTERIOR WALL—

BICRESSED INSULATION OF CONCRETE MASONRY REDUCTION OF HEAT LOSS WiTH
WALLS CAN DE OBTAINED BY: MASONRY WALL
FORHEAYY WT. BLOCK,
USE NAILING CLIP.
IN JOINT ——_<
NAIL DIRECTLY ~

THROUGH BLIGHT-  THROUGH BLIGHT-

THROUGH WEIGHT MASONRY WEIGHT MASONFTY
SIDING WALL ALOME. WALL WITH CORES
ALONC FOR HEAVY WEIGHT FILLEL WITH
[ SEAL INSULATION MASONRY HEAT  GRANULAR INSU-
FILLING CORES WITH ]-uphl BOARD ON FURRING FLOW EQUALS LATIONMEAY W1
H-GHAMLA-R INSULATION STRIPS 1 95 UNITS, MASONAY BIUNITS
ION OF WOOD ROOF ON MASONRY WALLS ARE TIED AT THE

MASONRY WALL o i PLATE LINE TO PREVENT SPREADING
% - RIDGE P aeare

- HAF'IEH;-//.
» o
ROOF AS

i
- ’:i INSTALL DRAINS, I
“ PIPING,ETC. AS
DESIRED.

THIS TIE PREVENTS
WALL FROM PUSH-
ING OUT BECAUSE
OF ROOF LOAD,
NAIL FIRMLY TO
EACH PAIR OF
RAFTERS.

4 lsours ' |
4 FT.APART

Fig. 5. Details of masonry wall construction—(Continued).
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BASEMENT WALL CONSTRUCTION FLOOR ON FILL SUMABLE FOR HOMES
GRAMARIES ETC. WHERE FLODOR MUST BE DRY

15T R CON "
ST PLASTER COAT  FLUSH MORTAR JOINTS D TAR JONT DR HNINSULATION
ROUGHENED i | -&U[EDLE?! sggkupa WELL 4 PLACE 3IN TOP COURSE
D ’

2ND PLASTER * B 'iﬁ OF CONCRETE
COAT APPLIED 1. Ir' 4. LAY 3508 ASPHALT ROLL
24 HRS, AFTER, METHOD OF MAKING L .|/ ROOFING SEAL LAPS
| 5T. COAT, " JOINT L 3. PLACE I IN. BOTTOM
TOTAL THICKNESS 3% v, 75 COURSE OF CONCRETE,

i 7 P, = 2 PLACE 6IN FILL OF
12" GRAVEL * T BASEMENT FLOOR COARSE GRAVEL AND TAMP,
OR CAUSHED b — | FIRST LEVEL OFF AND
ROCH FILL TAR: JoINY USE I'24' 3 CONCRETE  TAMP EARTH BASE.
OVER TILE- v FOR BOTH BASE AND TOP

4" DRAAIN TILE COURSES.
7. 18.

TWO TYPES OF FLOORS OM FILL SUITABLE FOR TW3 METHODS OF BUILDING WOOD
POULTRY AND HOG HOUSES ON A WELL FLOONS ONM COWCRETE MASONAY WALLS

DRAINED SITE
-TAR JOINT OR |IN INSULATION

L. #+——3, 4N CF CONCRETE
?.‘;-r — 2 BIN, COARSE GRAVEL FiLL
|l WELL TAMPED EARTH BASE

“ TAR JOINT OR 1IN INSULATION

e — 4. 2IN.CONCRETE TOPPING

T T3, 4 INCONCRETE MASONRY UNITS
—2, 2IN.SAND CUSHION
=1 WCLL TAMPED EARTH BASC

19, 20.

VEWTILATION OR HEATING DUCTS MAY BE HOW TO INSTALL SWITCH AND OUTLET BOXES
BUILT INTO WALL, ONE METHOD SHOWN BELOW IN COMCRETE MASONRY WALLS

4" WIDE UNITS —
INSULATION BCARD...

'TYPE OF WIRING

"CUT 253" HOLE IN SHOULD CONFOFM TO
NTILATOR BLOCK WITH CHISEL LOCAL REGULATION
OR HEATING TO FIT SWITCH OR
OUTLET 80X SET BOX IN MORTAR

2£2.

!:E

Fig. 5. Details of masonry wall construction—{ Concluded ).

SELECTING THE PROPER DIMENSIONS FOR
MASONRY BUILDINGS

The most economical construction is based on the selection of wall
heights and lengths to fit the dimensions of the blocks without cutting.
In the same way, the location, width and height of rough openings
should be planned to start and finish at even block heights. 1f the fol-
lowing tables showing the number of blocks required for any desired
dimension are carefully observed such unnecessary cutting and fitting

can be eliminated.
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Number of standard length 16-1
-inch martar joint

ch {actual length 1534) blocks required, using

Number | Number
of Outside length of wall 3

Outside length of wall bei
blocks blocks

T I-II
1014
| 11

19" 4°
0 0"
206' 8*
3 5
30
35
ad' 47 Rk e 40
a0 0” daivy s H ¥ 45
66’ 87, ., . P 50

*Norte: By Increasing the thickness of only two
lengths from this point down are multipl

the vertical joints by 1£ inch each, the wall
[ & inches, or half blocks,

TavLe 5—Number of standard height 8-inch (actual height 734) bl
and 3g-inch mortar joints

§ required, using 14

. Height of wall | Height of wall
Number of blocks mortar joint mortar joint
4 inch i Inch




ConcreTe Brock CoNsTRUCTION 13

HOW TO USE THE TABLES

TABLE NO. 4: To find the number of standard 16-inch long blocks
required for any length in hali-block multiples, up to and including
20 feet, read the figure opposite the length in Table 4. To find the
number of blocks m a 43-4" ]]1[[](“1]_‘_{. for (':\Elt]]l]]l‘. find the number
required for a length of 40'—which is 30 blocks, then add the number
required for a 3'-4" length, or 214 blocks. The total blocks required
then equals 30 plus 2%4 or 3212 blocks.

TABLE NO, 5: To find the number of standard 8-inch high blocks
read

in a wall of any multiple block height up to and including 13'-4
direct from Table 5 the figure in the proper column, depending on the
thickness of the mortar joints used. The number of blocks for higher
walls can be obtained by adding the number required for several lower
walls, For example, a building 16" high would require 9 blocks for
a height of 6, plus 15 blocks for a height of 10" for a total of 22 blocks
for a height of 16 feet.

It should be observed that all lengths are in multiples of 4” and all
heights in multiples of 8" and that it is not always possible to have
dimensions in even feet without cutting blocks.

Plans, further details, and instructions for building various types of
concrete masonry farm buildings can be obtained from your county
agricultural agent, or from the Agricultural Engineering Department,

Michigan State College, East Lansing.
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g

Fig. 6. Concrete blocks can be used to good advantage in the construction of farm houses.

te block construction are fire-resistant
viceable.

Fig, 7. Single-story dairy barns of con
and s
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BUILDING TERMS APPLIED TO CONCRETE
AND MASONRY CONSTRUCTION
AGGREGATE—Any material such as sand, gravel, cinders, crushed
rock, etc., used together with cement and water to form concrete.
Coarse aggregate:  Aggregate which is retained on a 14" screen.

Fine aggregate:  Aggregate which will pass a 14" screen.

CEMENT PAINT—A mixture of specially prepared Portland cement
in powder form to be mixed with water to desired consistency.
CONCRETE—A properly proportioned mixture of cement, aggre-
gate and water.
Cast-in-place concrete: Concrete placed in formed sections in its per-
manent location,
Pre-cast concrete: Concrete building units cast in molds in advance of
incorporation into a structure
CONCRETE MIX—(1:2%:3) The proportion by volume of cement,
fine aggregate and coarse aggregate, respectively. 1 cu. ft. (bag) of
cement, 214 cu. ft. fine aggregate, 3 cu. ft. of coarse aggregate.

COPING—The top course of a wall so constructed as to shed water.

CURING—The retarded evaporation of water which facilitates
proper hardening of concrete by the chemical reaction of Portland
cement and water,

FLASHING--A lapped or flanged joint producing water tightness
at joints.

FOOTING—Expanded base of any foundation or wall to provide
bearing surface to support the weight of the superimposed load.

HEAVY-WEIGHT—A term usually applied to concrete masonry
made from heavy-weight aggregate such as sand, gravel or crushed
rock.

JAMB—The individual side or top member of a door frame.

LINTEL—A horizontal supporting member placed over window or
door O])(‘ning'ﬁ to carry the .-mpcl'illl]JusL'd blocks., A H}Jlil lintel is used
for steel sash.

LIGHT-WEIGHT—A term usually applied to concrete masonry
made from light-weight aggregate such as cinders, slag or burned clay.
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MASONRY CONSTRUCTION—A term commonly used to denote
an assembly of pre-cast concrete units in building construction.

MORTAR—A mixture of Portland cement, sand, and water, (A
plasticising agent such as lime may be used.)

MORTAR JOINTS—

Face shells: A joint made by applying mortar to the surface of the
interior and exterior shell only,

Full bedded: A joint made by applying mortar over the entire surface
of the block.

Flush joint: A mortar joint flush with the face surfaces of the blocks.

Tooled joint: A mortar joint which has been finished with a shaping
tool to provide a compact, indented joint.

PTER—A detached mass of concrete serving as a support.

PILASTER—A rectangular column with base forming part of a wall
and employed as a supporting member.

PORTLAND CEMENT—A name given to a powder produced by
calcining a mixture of limestone and clay. It was given this name be-
cause of the fact that it produced, when hardened, a vellowish grey
mass resembling in appearance the stone found in various quarries on
the Isle of Portland, England.

SILL—A horizontal member forming the foundation of a window
or door frame.

STRETCHER—The over-all horizontal length of an individual con-
crete masonry block and one mortar joint.

STRETCHER COURSE—The horizontal extension of one layer of
masonry units and joints.

STUCCO—A plaster or cement used for the heavy external coating
of bui]diug_-:,

Cooperative extension work in agriculture and home economics, Michig
l{rp.uuur!u of Agriculture co ating, R, J, BaLow DirEcToR ExTe
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