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Concrete Beams

Concrete Slabs

Prestressed Concrete
Concrete Formwork & Shoring
Precast Concrete Floor Systems
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Steel Beam Connections
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Wood Joist Framing

Wood Subflooring
Prefabricaied Joists & Trusses
Wood Beams

Wood Beam Supports

Wood Post-Beam Connections
Wood Plank-and-Beam Framing
Wood Decking



/.02 FLOOR SYSTEMS

The depth of a floor system is directly related to the size
and proportion of the structural bays it must span and the
i

he

ueto

the detrimental effects that excessive deflection and vibration
would have on finish flooring and celling materials, as well s
concern for human comfort, deflection rather than bending
becomes the critical controlling factor.

or floor

systems between habitable spaces stacked one above another,
additional factors to consider are the blockage of both airborne
and structure-borne sound and the fire-resistance rating of
the assembly.

\
\\\\\\ \ .\\1§\‘§\\\\

AN \
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4.03

FLOOR SYSTEMS

require additional framing.
+ Underside of floor structure may be left exposed;

an applied celling i optional.
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41.04 CONCRETE BEAMS

Cast-in-place concrete beams are almost always formed and

placed along with the slab they auppo
+ 1"(25) clear minimum or not less than 1-'/3x o —
nominal bar & or size of coarse aggregate — " [TAn ' ’
RN (5&) minimum cover ljequired to prgtect B T Beam depth in ' (51) increrments
gte”el reinforcement from fire and corrosion ____ N * Rule of thumb for estimating depth of a concrete
+ 214" (19) bevel or chamfer . \L ) - ~ bea: span/16
. \J ' T Effective depthis fneasureé fromv the compression
~ face to the centroid of tension reinforcement.
\ + Beamwidthis '3 to 12 of beam depthin 2" or 3"
\‘\\ (50 0r 75) multiples.
T Beam width should be equal to or greater than
width of supporting column.

Whenever possible, vary required steel
reinforcement rather than beam size.

~ Top bars are longitudinal bars serving as tension
reinforcement in the section of a concrete beam subject

/ to the upward bending of a negative moment. Top bars

P ,/ may aleo be required when the beam depth is limited
§ § ’ and there is insufficient concrete area to handle the
1[ | { CoMpressive stresses.
. i
1 H |
P ;

t . 7

i
| 1 4

e

Web reinforcement consists of bent bars or stirrups, \
placed in a concrete beam to resist diagonal tension. N\

Bent bars are longitudinal bars bent to an angle \,. e
of 30° or more with the axis of a concrete beam, Bottom bars are longitudinal bars serving as tension

;/
]
o //

perpendicular to and intersecting the cracking that reinforcement in the section of a concrete beam
could occur from diagonal tension. subject to a positive moment.

+ Stirrups are any of the U-shaped or closed-loop * Truss bars are longitudinal bars bent up or down at
bars placed perpendicular to the longitudinal points of moment reversal in a concrete beam.
reinforcement of a concrete beam to resist the

“ vertical component of diagonal tension,

LDkl

e

<
& * Diagonal tension results from the principal
N tensile stresses acting at an angle to the
longitudinal axis of a beam.

+ Hooks are bends given to the end of
tension bars to develop an equivalent
embedment length for anchorage. A
standard hook is a 90°, 155°, or 160°
bend made at the end of a reinforcing
bar according to industry standards
with a radius based on the bar diameter.
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CONCRETE SLABS £.05

(Sl MasterFormat 03 20 00 Concrete Reinforcing
(SI MasterFormat 03 30 00 Castin-Place Concrete
(S MasterFormat 03 31 00 Stiuctural Concrete

Tensile reinforcement
Shrinkage and temperature reinforcement
perpendicular to main tensile reinforcement

L L]

Rule of thumb for estimating thickness:

span/30 for floor slabs; 4" (100) minimum
span!36 for roof slabs

Suitable for light to moderate loads over relatively
short spans of €' t0 18' (1630 to 5490)

+ Slabis supported on two sides by beams or
loadbearing walls; beams, in turn, may be supported
by girders or columns.

Tensile reinforcement occurs in the ribs.
Shrinkage and temperature reinforcement is
placed inthe slab.

i R A S O NP

.

| i e

ot T2 S S S, 5 S R S S e st o s 4 b ek e od

3" %0 4 2" (7510 115) slab depth: rule of thumb for
total depth: span/24

5"10 9" (125 10 250 joist width

Pans are reusable metal or fiberglass molds, available
in 20" and 50" (510 and 760) widths and from 6" o
20" (1500 510) depths in 2" (51) increments. Tapered
sides allow for easier removal.

Tapered endforms are used to thicken joist ends for
greater shear resistance.

» Distribution rib is formed perpendicular to the joists in
order to distribute possible load concentrations over a
larger area: one required for spans between 20" and 50/
(6 and 9 m), and not more than 15 (4.5 m) o.c. for spans
over 30" (9 m).

Joist band is a broad, shallow supporting beam that is
economical to form because its depth is the same as
that of the joists.

« Suitable for light to medium live loads over spans of 15°
10 36' (4010 m); longer spans may be possible with
postiensioning.

+ See12.04-12.05 for a discussion of
concrete as 4 construction material.
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41,06 COMCRETE SLABS

4" (100) minimum slab depth; rule of thumb for slab depth:
slab perimeter/160
Tensile reinforcement
Two-way slabs are most efficient when spanning square or nearly square
! : bays, and suitable for carrying intermediate to heavy loads over 15'to 40'
S e 7 (4.5%012 m) spans.
; : = Tosimplify the placement of reinforcing steel, two-way slabs are divided

i .
H §§} into column and middle strips, within which moments per foot are assumed
g I to be constant.
§}§. i gg{« 4 Acontinuous slab, extending as a structural unit over three or more

) supports in a given direction, is subject to lower bending moments than a
. TR series of discrete, simply supported slabs.

i

A P

I'K“mm W~GL(W& Waru‘mwmm =y mﬂw__wls!:‘ﬁmwg,i,_% e -[:-

‘ | ~= Tensile reinforcement

~- N 8" to 412" (75 to 115) slab depth; rule of thumb for total depth: span/24
= 5"or6" (12500 150) rib width

Square metal or fiberglass dome forms are available in 19" and 30" (485
and 760) widths and from 8" to 20" (205 to 510) depths in 2" (51)
increments. Larger sizes are also available. Tapered sides allow for easier
removal.

19" (485) domes and 5" (125) ribs create a 2' (610) module; 30" (760)
domes and 6" (150) ribs produce a 3' (915) module.

For greater shear strength and moment-resisting capacity, solid heads at
column supports are formed by omitting dome forms; size depends on span
and load conditions.

* Suitable for spans of 24'to 54' (710 16 m); longer spans may be possible
with postiensioning.

+ For maximum efficiency, bays should be square or nearly square as
possible. Waffle slabs can be efficiently cantilevered in two directions up to
13 of the main span. When no cantilever is present, a perimeter slab band is
formed by omitting dome forms.

+ Coffered underside is usually left exposed.

)
/"”‘
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CONCRETE SLABS .07

..... ]

 Tensile reinforcement <

» 5"1012" (12510 305) slab depth; -
rule of thumb for slab depth: span/33

« Suitable for light live to moderate loads over relatively short
spans of 12't0 24' (5.6 to 7 m)

» While a regular column grid is most appropriate, some flexibility Q ;
in column placement is possible. %

< Shear at column locations governs the thickness of a flat plate. o

* Punching shear is the potentially high shearing stress developed

by the reactive force of a column on a reinforced concrete slab.

H
I

+ Tensile reinforcement =
+ 6"1012" (150 to 505) typical slab depth;
rule of thumb for slab depth: span/56
* Drop panelis the portion of aflat slab thickened around a ) 1
column head to increase its resistance Lo punching shear. . |
+ Minimum projection of drop panel: 0.25 x slab thickness — e ;
+ Minimum width of drop panel: 0.33 span ~—————————-""
+ Column capital may be used in place of or in conjunction with
a drop panel forincreased shear resistance. ———__
« Suitable for relatively heavy loads and spans from TN
20't040' (61012 m) ~

S

N e }

N .
\ ; ;

L
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4,08 PRESTRESSED CONCRETE

+ Steeltendons are first stretched across the casting bed between
two abutments until a predetermined tensile force is developed.

+ Conrete is then cast in formwork around the stretched tendons and
fully cured. The tendons are placed eccentrically in order to reduce the
maximutn compressive stress to that produced by bending alone.

+ When the tendons are cut or released, the tensile stresses in the
tendons are transferred to the concrete through bond stresses,

The eccentric action of the prestressing produces a slight upward
curvature or camber in the member.

AN L

Lol

» The deflection of the member under loading tends to equalize its
upward curvature.

e tensile stresses in the

tendons are transferred to the concrete, placing the entire cross
section of the flexural member in compression. The resulting
compressive stresses counteract the tensile bending stresses
from the applied load, enabling the prestressed member to deflect
less, carry a greater load, or span a greater distance than a
conventionally reinforced member of the same size, proportion, and
weight.

+ Combined dead load and
prestress stresses

o,

+ Deadload and

« Live load stresses + Final combined stresses

prestress stresses

(SI MasterFormat 03 38 00 Postrensioned Concrete
(SI MasterFormat 03 40 00 Precast Concrete
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PRESTRESSED CONCRETE

+ Load balancing is the concept of prestressing a concrete

member with draped tendons, theoretically resulting ina state

of zero deflection under 2 given loading condition.

Draped tendons have a parabolic trajectory that mirrors the

morment diagram of 2 uniformly distributed gravity load. When

tensioned, the tendons produce a variable eccentricity that

responds to the variation in applied bending moment along the

length of the member.

» Depressed tendons approximate the curve of a draped tendon
with straight-line segments. They are used in the pretensioning
process because the prestressing force does not allow for

-

s

[E——

draping the tendons, Harped tendons are a series of depressed o—

tendons having varying slopes.

e

ST\

* Unstressed steel tendons, draped inside the beam or slab form, are
coated or sheathed to prevent bonding while the concrete is cast.

[T T

* Afterthe concrete has cured, the tendons are clamped on one end and
Jacked againgt the concrete on the other end until the required force is
developed.

+ Thetendons are then securely anchored on the jacking end and the jack
removed. After the posttensioning process, the steel tendons may be
left unbonded, or they may be bonded to the surrounding concrete by
injecting grout info the annular spaces around the sheathed strands.

i
i

LLLLillLlLL)

* The deflection of the member under loading tends to equalize its
upward curvature.

i

R ———
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4,10 CONCRETE FORMWORK & SHORING

Proprietary systems are used
to form joist and waffle slabs.
For economy, standard forms
should be used in a repetitive
manner whenever possible.

Fresh concrete must be shaped and supported by formwork
until it cures and can support ivself. This formwork is often
designed as a separate structural system by an engineer
because of the considerable weight and fluid pressure a
concrete mass can exert on it

» Slab sheathing of plywood., hardboard, or boards.

+ Knee brace .

* Ledger . / % : ,
L
> Blocking ﬁff/,’?w._;_n N 4 > Metal or wood joists U
« Kicker /f I " Stringers
m{, e
N To support beam and slab forms until the placed concrete can
\\\ cure and support itself, temporary supports called shoring are
\\ \\ ) / / \ / used.
* Braced T- and L-heads provide \ f><"! =/ Adjustable shores are metal or wood-and-metal shores
support for beamforms, / \ / available with jacks or screw-type devices for adjusting
+ Using columns and beams \ vy / A\ /” the elevations of the shores once they are placed; various
of a constant section and 4 \7& fittings can be interchanged at the top for vertical
varying the amount of steel I R j VT . extensions, U-heads, and T-heads.
reinforcement to carry the ] \\ ™ Single-post wood shores are cut slightly short of the
imposed loads resutsin | | / 5\ desired elevation and adjusted by driving wooden wedges
greater economy. ﬁ,“” [f’ \.\ under the shore or at its top.
+ Shoring must be braced T / 5\ » Double-post shores may be assembled with cross bracing for
inboth the vertical and // \ relatively heavy loads.
horizontal planes to stiffen » Horizontal shoring consists of adjustable metal members
and prevent buckling of used to support slab forms over comparatively long spans
individual members of the without intervening vertical shores. Horizontal shoring
formwork. : requires fewer vertical shores, each carrying a comparatively

B

Sills may be required to
distribute the shoring load

over green concrete. /’%”‘}%\
s 7

\\ 3

Jj N
o
N
\‘4\»\ g .
T >
b

Flying forms are large sections of formwork,
including supporting trusses, beams, or
scaffolding, that can be moved by a crane in
constructing the concrete floors and roofs of

multistory buildings.

greater load, and leaves open spaces clear for work, but each
vertical support carries a greater concentration of load.

- After a concrete slab or beam has cured sufficiently to carry
its own weight, the original formwork is removed and the
slab or beam is reshored until the concrete reaches it full
strength.

* 9e¢5.07-5.08 for the formwork
required for concrete columns and walls.

+ Lift-slab construction is a technique of constructing
multistory buildings in which all horizontal slabs are cast
at ground level and, when cured, are raised into position by
hydraulic jacks.

(51 MasterFormat 03 10 00 Concrete Forming & Accessories




PRECAST CONCRETE FLOOR SYSTEMS 41.11

The units are cast and steam-cured ina plant off-site,
transported to the construction site, and set in place as rigid
cormponents with cranes. The size and proportion of the units
may be limited by the means of transportation. Fabrication in
afactory environment enables the units to have a consistent
quality of strength, durability, and finish, and eliminates

the need for on-site formwork. The modular nature of the
standard-sized units, however, may not be suitable
for irregular building shapes.

: \\f‘ Small openings may be cut in the field.
2<%, s+ Narrow openings parallel to slab span
A T e preferred.

O - Engineering analysis is required for wide

openings.

+ A2"t0 211" (5110 90) concrete topping reinforced
with steel fabric or reinforcing bars bonds with the
precast units to form a composite structural unit.

3

* Groutkey |
.

«

The topping also conceals any surface irregularities,
increases the fire-resistance rating of the slab, and
accommodates underfloor conduit for wiring. e
When the flooring is to be pad and carpet, the topping
may be omitted if smooth-surface units are used.

- Precast slabs may be supported by a
structural frame of sitecast or precast
concrete girders and columing, or by
loadbearing wall of masonry, sitecast
congrete, or precast concrete.

“

/

| Underside of precast slabs may
be caulked and painted; a celling
finish may also be applied to or
be suspended from slab.

+ Ifthe floor is to serve as a horizontal
diaphragm and transfer lateral forcesto  /
shear wals, steel reinforcement must tie
the precast slab units to each other over Jatrate
their supports and at their end bearings.

Precast Concrete
Cost Decks & Underlayment

(51 MasterFormat 03 4

000
(S MasterFormat 03 50 00
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A.12 PRECAST CONCRETE UNITS

— 46", 8" (100,150, 205)

|- 40" (1220) typicalwidth |

Solid Flat Slabs

. 1&4“} 21‘OH’ 5!»(4”) 4&0”3 &\»OII
(405,610,1015,1220, 2440)

Hollow Core Slahs

Lee 6" 8",10",12" (150, 205, 255, 305)

______ 20" 10 48" (510 t01220)

+ Band 10' (2440 and 3050)

Single Tees

— 12"1032" (305 10 815)

+ 8 and 10' (2440 and 3050)

e 24", 32" 40"
(610,815, 1015)

g‘
.

|

!

i

]

E

2l
(305 or 405)

Rectangular Beams

L 10", 14", 1-8" (305,405, 510)

AASHTO Girders

{-Shaped Beams

~ + Double tees do not require temporary
support against tipping.

L st aof = 20"t0 60"

total depth

Inverted Tee Beams

e 30" 39", 46" (915, 1145, 1370)

+ AASHTO: American Association of State
Highway and Transportation Officials

* Designed originally for bridge structures but
used sometimes in building construction.

jassenay
| AR SRS VAN SRS B A S IS RO SO |

* 1290 24' (3.6 10 7 m) span range
* Rule of thumb for depth: span/40

et .

[ | S I Lo [
+ 12'1040' (5.6 1o 12 m) span range

* Rule of thumb for depth: span/40

BN AR AR S R
| A AN A SN SR S A R A R

+ 300 120" (9 to 36 m) span range
* Rule of thumb for depth: span/30

* 30'10100" (9 1o 20 m) span range

* Rule of thumb for depth: span/26

[

* 1990 75' (4.5 10 22.m) span range

(510101525) + Rule of thumb for depth: span/15

* Use the span ranges indicated for preliminary
sizing only. Consult manufacturer for availability
of sizes, exact dimensions, connection details,
and span-load tables.

SO RER SR SRR |
I ! | | i | i | H | |

* 56't060' (1010 16 m) span range




PRECAST CONCRETE CONNECTIONS £!.13

| L Structural precast concrete wall panels; see 5.10. “« Sitecast concrete topping, reinforced with welded wire
r p P pring
§ I+ Extend steel dowels into reinforced concrete Topping fabric or refnforcing bars, bonds to precast slabs to form a
g i / pping g 4
i { [ orintogrouted shear keys for structural continuity. compostte structural unit; 2' (51) minfmum, —
{ Pl
j R e 7 :
P R g’f‘%??”? L ‘ ‘ ’
| i \ ~ Grout voids of hollow core units at ends o tie %f At Steel bars in topping o in
H K s .
| [ into concrete or masonry support. 10 ?\i grouted key joints to tie slab
Q ~ High-density plastic bearing strip 1&; J ui 4. units over their support
o fe—s Minimum bearing length should be at least 10 = S Stirrups in concrete beam or
of the clear span but not less than 2" (51) for studs on steel beam project
solid or hollow core slabs. up to tie into topping.

_— Groutvoids of hollow core
units at supports.

/ﬁ;,»;f Steel plate welded to plates cast into ’
precast slabs and concrete support [

\ Steel ties intopping or in
grouted key joints

« Reinforced masonry or
concrete bearing wall

/
High-censity * Grouted shear keys lock * High-density
plastic bearing adjacent units together. plastic bearingss
strip strip

Precast Slabs

| L Steel angle welded to plates cast into + Topbars continue | |+ Reinforced sitecast
\ precast tees and concrete wall support through column beyond. -, concrete topping 1

NG RS RSN R SO o R A

ET e ‘ e Steel plate welded o
Ve Synthetic rubber bearing pad angles cast into beam and
‘ structural tee

it

Minimum bearing length should be at least 'fieo of the clear span
but not less than 3" (76) for beams or stemmed members.

Synthetic rubber bearing pad
Inverted tee beam

Precast Structural Tees

. |
b 7 Steel angle welded to steel plates cast into beam and column ~————e__ {7 I
i e 1224 B3
23 ; s
ey s iy
% - e &
| 7 1
yd RN
- i Wi | Steel bearing angle cast into
e £ i
e iouju . Ay "
Synthgti(, rubber bgarmg pad wwwwwwwwwwwwwwwwwwww DRSS \ beam recess; ‘jry PﬁCk wl
o Haunch cast with concrete column \. grouv
~—s Steel wide-flange haunch
Precast Beams cast into concrete colurn




=
)
o/

U

.04 CONCRETE COLUMNS

+ Dowels tie column to

/

supported beams and slabs, —

+ Inclined bars should not

exceed a 1:0 slope.

» Lateral ties should have a minimum o
of °1¢"(10), spaced apart not over 48
tie 9,16 vertical bar g, or the least
dimension of the column section.

Each corner and alternate longitudinal
bar should be laterally supported by
the bend of a tie having an included
angle of not more than 155°, with no
bar being more than 6" (150) clear
from such a supported bar.

» Opiral reinforcement consists of an
evenly spaced continuous spiral held
firmly in place by vertical spacers.

* Spiral reinforcement should have a
minimum g of */8" (10), with a maximum
center-to-center spacing between
spirals of e of the core diameter, and
a clear space between spirals not more
than 3" (75) nor less than 1-°/s" (35)
or -2 x the size of the coarse
aggregate.

* Extend spiral 1-'/2 turns for
anchorage at ends.

e oy e e s ) P—

« Rectangular columns:

8" (209) minimum
width and a minimum
gross area of 96 sq.

in. (61,935 mm)

+ Round columns: B
10" (255) ﬂ_;,:ﬂ
minimurm o =t
///
;/
\

« Vertical reinforcement should not be less than 1% nor
more than &% of gross cross-sectional area; four No.
5 bars minimum for tied columns or six No. b bars
minimum for spiral columns,

+ Extra ties may be required at support points.

1-1/2"(38) minimum cover for steel reinforcement

|« Splices may be made by lapping the ends of vertical
bars by alength specified in bar diameters, or
by butting the ends of vertical bars and either
{ connecting them with a sleeve clamp or arc-welding
{ the butt joint,

= Dowels overlap vertical bars 40 bar diameters or
24" (610); extend down into footing or pile cap far

- enough to develop adequate length for anchorage.

_— Conerete columns may be supported by isolated
footings, by a mat or combined footing, or by pile caps;
see 3.09 and 3.10.

-+ 3" (75) minimum cover for steel reinforcement when
concrete is cast against and permanently exposed
1o earth

(SI MasterFormat 03 20 00 Concrete Reinforcing
CSI MasterFormat 03 30 00 Castin-place Concrete
CSI MasterFormat 03 31 00 Structural Concrete

"R Below frostline

Contact area of footing distributes column load to
ensure that the allowable bearing capacity of the
supporting soil is not exceeded; 1-6" (510) minimum.
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N

CONCRETE COLUMNS .05

Reinforced concrete columns are usually
cast with concrete beams and slabs to
form a monolithic structure.

—= Reinforced concrete columns

T Reinforced concrete beams and slabs:
see4.04-4.05

+ Reinforced concrete two-way slabs;
see 4.00~4.07

+ 12"(305) column can support up to
2000 of (185 m?) of floor and roof area.
+ 16" (405) column can support up to
3000 sf (280 m?) of floor and roof area.
20" (510) column can support up To
4000 sf (372 m?) of floor and roof area.

enever possible, vary required steel

// reinforcement rather than column size;
/ when necessary, vary only one dimension
f of a column at a time.

With the ald of a variety of steel connectors,
reinforced concrete columns can also support
2 grid of timber or steel beams.

s Timber or steel beams

——— Gteel connectors are required to support
and anchor wood or steel beams to
concrete columns.
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5.06 CONCRETE WALLS

o

L

+ Anchor reinforced concrete walls to floor
slabs, colunins, and intersecting walls with /’f

No. 3 bars minimum @ 12" (305) o.c. for ;’
eachlayer of wall reinforcement. " g
Bend horizontal reinforcement at corners

and wall intersections for structural

continuity.

+ 314" (19) minimum cover when concrete is

not exposed to ground or weather. ———

« 112" (38) minimum cover when concrete

i exposed to earth or weather;

2" (51) minimum for No. 6 bars andlarger ——"

Reinforce door and window openings
with a minimum of two No. D bars
extending at least 24" (610) beyond
the corners of the opening.

+ 2" (5 clear
+ Diagonal bars optional

L.

(e

T Walls more than 10" (255) thick require

reinforcement in two layers placed parallel

with the faces of the wall.

No. % bars minimum spaced not more than

% xwall thickness or 18" (495) o.c.

* Minimum ratio of vertical reinforcement to
gross concrete area: 0.0012

« Minimum ratio of horizontal reinforcement
to gross concrete area: 0.0020

» Minimum wall thicknesses:

« 6" (150) minimum for bearing walls or
125 of the unsupported height or length
between stiffening elements

+ 4"(100) minimum for nonbearing walls or

(S| MasterFormat 03 20 00 Concrete Reinforcing
(SI MasterFormat 03 30 00 Casin-place Concrete
(SI MasterFormat 03 31 00 Structural Concrete

136 of unsupported height or length

+ 2" (51) minimum for nonbearing interior
partitions not used as shear elements

« 6"(150) minimum for plain (unreinforced)
walls with a height-to-thickness ratio of
less than 22

L+ 8"(205) minimum for basement,

foundation, fire, or party walle

« Concrete walls usually rest on a continuous
strip footing; see 3.09-5.10.

" Wallis tied to it footing with dowels bent in

alternate directions,

6" (150) minimum above reinforcement

1 3" (75) minimum cover when concrete is
cast against and permanently exposed to
the earth

- Consult a structural engineer and the
building code for the required size, spacing,
and placement of all reinforcement.

» 56 12.04-12.05 for a discussion of
concrete as a construction material.




CONCRETE FORMWORK 5.07

Column Forms

AT Fiberforms have a smooth or spiral pattern
finish and are disposable.

¢ 1-0"t0 36" (305 t0 1065) in diameter

+ Sonotube is a trademark for a brand of
cylindrical column form made of compressed,
resin-impregnated paper.

Wood formwork

* Reusable forms may have a square or
rectangular crogs section.

Yokes are clamping devices for keeping
column forms and the tops of wall forms from
spreading under the fluid pressure of newly
placed concrete.

Wall Forms

+ Spreaders, usually of wood, space and keep the
wall or forms apart.
Form ties; see .06

Plywood sheathing
Inner surface of panels leaves an impression on
the concrete

« Wood studs

Horizottal walers reinforce the vertical
members of formwork.

+ Ifnecessary, strongbacks provide vertical
support for aligning and reinforcing walers.
Sill plate

Bracing

ectl
otherwise be trapped by the surrounding
concrete. Sharp external corners are usually

beveled or rounded to avold chipping and ragged
edges. '

(SI MasterFormat 03 10 00 Concrete Forming & Accessories
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5.08 CONCRETE FORMWORK

=17 | Emhi!e various proprietary forms are
| i available, there a

. ﬁ)/ o o =

n

| /!
/
.'f '
/
/I * =+ Avariety of wedges and slotted devices tighten the
f‘ formwork and transfer the force in a form tie to the
\ e ) walers.
> Tie holes may be:

~ When exposed or visible, the
tie hole locations should be
coordinated with the wall's
surface design.

T Patched to match the surrounding finish
Left exposed with the exposed tie end epoxied
Filled with a plastic cap

Width varies

i BTN
T o (5106) 1-12" (38)

12" t0 214" (1250 19)

Chamfer strips of wood or other material are
attached to the inside of a form to produce a
siiooth, rounded, or beveled edge on the outside
corner of a concrete member.

Rustication strips of wood or other material are
attached to the inside face of aform to produce
agroove in the surface of a concrete member.
These strips are also available as parts of plastic
formliner systemes.

/

¢ Linear recesses can be used to create a
pattern on the surface of a concrete wall,
separate different wall surface treatments,
and help conceal construction joints.

(SI MasterFormat 03 11 16 Architectural Castin Place Concrefe Forming
(51 MasterFormat 03 17 16.13 Concrete Form Liners
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CONCRETE SURFACING 0.09
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Bushhammered finishes are coarse-textured
finishes obtained by fracturing a concrete or
stone surface with a power-driven hammer
having a rectangular head with a corrugated,
serrated, or toothed face.

Nl

Ribbed Surface Bushhammered
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/.04 CONCRETE

Concrete is made by mixing cement and various mineral aggregates with
sufficient water to cause the cement to set and bind the entire mass.
While concrete Is inhierently strong in compression, steel reinforcement
i required to handle tensile and shear stresses. It is capable of being
formed into almost any shape with a variety of surface finishes and
textures. In addition, concrete sbructures are relatively low in cost and
inherently fire-resistant. Concrete’s liabilities include its weight—150
pcf (2400 kg/m?) for normal reinforced concrete—and the forming or
molding process that is required before it can placed to set and cure

PE—

Cement
+ Portland cement is 2 hydraulic cement made
by burning a mixture of clay and limestone
ina rotary kiln and pulverizing the resulting
clinker into a very fine powder.

Type Inormal portland cement is used for
general construction, having none of the
distinguis h‘ija!tf%mci,‘m:mhsrt:,‘
T ¢l moderate port

curc‘u,w' ’ "
normal portland cement; i wh nthe
early removal ¢ fi@rmwa*f desired, orin
cold-weather construction fo reduce the
me required for protection from low
temp@mture@

+ Type IV low-
less heat of hjd
cement; it awm“ the ¢

is used

‘“i)

h; 11017 ﬂﬂ! pm!ari
onof
massive concrele gravity
dams, where alarge bul 1&1 ; in heat can be
damaging.

Type V sulfate-resisti rjpo%am (an(‘m
used where resistance to se
action is required.
Air-gnitraining portland cement is a Type |,
Type Il or Type Il portland cement to which a
small quantity of an air-entraining agent has
been interground during manufacture; itis
designated by the suffix A.

onstructi

CSI MasterFormat Division 03 — Concrete

i

J

Water

.

.

The water used in
mix must be free

naconcrete
of organic

material, clay, and salts;

ageneral criterion is

At the

water should be fit for drinking
Cement paste is a mixture of

cement and water for coating,
Ling, and binding the
riicles together

13 the depth of a slab,
sthet

Lightweight Concrete

Structural lightweight

made with @xpdmjm

)

1

thickness of awall, or
of the clear space between
forcing bars or between the
bars and the formwork

concrete,

ale or

slate aggregate, has a unit
weight from &5 to 115 pef (1362
£01840 kg/m®) and compressive
strength comparable to that of

normal concrete.

Insulating concrate. made with
perlite aggregate or a foaming
agent, has a unit weight of less

than 60 pef (960 kg/ m

thermal conductivity.

d

%) and low

[—

Aggregate

« Agaregate refers Lo any of various inert mineral materials, as sand
and gravel, added To a cement paste to make concrete. Because
aggregate represents from 60% to 80% of the concrete volume, its
properties are important to the strength, weight, and firc-resistance
of the hardened concrete. Aggregate should be hard, dimensionally
stable, and free of clay, silt, and organic matter that can prevent the
cement matrix from binding the particles together.

* Fine aggreqate consists of sand having a particle size

.alif rbhan /4" (6).

. !Logw&\f aggregate consists of crushed stone, gravel,

or ast-furnace slag having a particle size larger than '+" (6),

The maximum size of coarse aggregate in reinforced

¢ section and th

cone limited
of the reinforci

ng bars.

Admixtures

Admixtures may be added to a concrete mix to alter its properties or

Those of the hardened product.

+ Alr-entraining agents disperse microscopic, spherical air bubbles in a

concrete mix Lo increase workability, improve resistance of the cured

product to the cracking induced by free-thaw cycles or the scaling

caused by deicing chemicals, and inlarger amounts, to produce

lightweight, insulating conerete,

Accelerators hasten the setting and strength development of a

concrete mix, while retarders slow the selting of a concrete mix in

order to allow more time for placing and working the mix.

Surface-active agents, or surfactants, reduce the surface tension of

the mixing water in a concrete mix, thereby facilitating the wetting

and penetrating action of the water or aiding in the emulsifying and

dispersion of other additives in the mix.

* Water-reducing agents, or superplasticizers, reduce the amount of

mixing water required for the desired workability of a concrete or
1ortar mix. Lowering the water-cement ratio in this manner generally

results in increased strength.

Coloring agents are pigments or dyes added to a concrete mix to

alter or control its color,

o
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o

ording to Abrams

law, formulated by D. A, Abrams in 1919 from experiments
at the Lewis Institute in Chicago, the compressive strength
of concrete is inversely proportional to the ratio of water to
cement. If too much water is used, the concrete mix will be
weak and porous after curing. If too little water is used, the
mixwill be dense but difficult to place and work. For most
applications, the water-cement ratio should range from
0.45100.60.

Concrete is normally specified according to the compressive
strength it will develop within 28 days after placement

(7 days for high-early-strength concrete).

Slump test is a method for determining the consistency
and workability of freshly mixed concrete by measuring the
slump of a test specimen, expressed as the vertical settling,
ininches, of a specimen after It has been placed in a slump

cone, tamped in a prescribed manner, and the cone Is lifted. -

Compression Test for determining the compressive strength
of a concrete batch uses a hydraulic press to measure the
maximum load a test cylinder 6" (150) g and 12" (305) high
can support in axial compression before fracturing.

reinforcement
should be designed by a qualified structural engineer.

ar number refers to its diameter in eighths

of an inch—for example, a #5 bar is %/2" (16) in diameter.——

Welded wire fabric consists of a grid of steel wires or bars
welded together at all points of intersection. The fabric is
typically used to provide temperature reinforcement for
slabs but the heavier gauges can also be used to reinforce
congrete walls. The fabric is designated by the size of the
grid in inches followed by a number indicating the wire gauge
or cross-sectional area; see 3.18 for typical sizes.

04 05 06 07 08
Water-Cement Ratio

fnimum requirements for cover
and spacing are specified by the American
Concrete Institute (ACH) Building Code
Requirements for Reinforced Concrete according
to the concrete’s exposure, and the size of the
coarse aggregate and steel used.

Standard Reinforcing Bars

.

Compressive strength for Type
portland cement after 28 days

Reinforced concrete slab

I

e By {19) minimum for

#5 bars and smaller;
112" (%8) minimum when
exposed to weather;
" (51) minimurn for
#6 bars and larger
For minimum coverage
of steel reinforcement
inother concrete
nembers, see 5.00 for
spread footings, 4.04 for
concrete beams, 5.04 for
concrete columns, and
5.06 for concrete walls.

Nominal Dimensions

Diameter  Cross-Sectional Aren Weight
nches (mm) 5q. in. (mm?) plf (N/m)
0.375(10) 07y 02855

050 (1%) 0.20(129) 067(9.7)
0625 (16) S1(200)  104(152)
0.75(19) 044(284)  150(219)
0.875(22) 0.60(387)  2.04(29.8)
1.06(25) 79(510)  2.67(29.0)
1125(29) 100(645)  340(49.0)
1.25(32) 127(819)  4.30(62.8)
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