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Concrete Construction

http://nisee.berkeley.edu/godden

* cast-in-place @

* tilt-up

e columns
» beams
» slabs

« dom
omes
« foot
ootings
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Concrete Materials

« prestressing % ==

* post-tensioning

Tied Spirally reinforced

column column

- h{lp://n\see.berke\ey.edu/goddén
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 low strength to weight ratio
« relatively inexpensive
— Portland cement =
— aggregate
— water

' muln.mllnﬁ » HllllIlllllﬂlllllnz“nn
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Concrete Materials

* reinforcement
— deformed bars
— prestressing strand
— stirrups \
— development length \ \
—anchorage i
—splices

i

http://nisee.berkeley.edu/godden
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Concrete Beams

» types |
— reinforced ‘,
— precast L
_prestressed
» shapes

—rectangular, |
— T, double T’s, bulb T’s

— box
— spandrel
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Concrete Materials

* fire resistance
— most fire-resistive structural material
— low rate of penetration

— retains strength if
exposure not too long

+ stable to 900 — 1200 F
internally

* loses 50% after that
— no toxic fumes
— cover necessary to protect steel
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Concrete Beams

F2007abn

» deformation

— camber (elastic)
* hogging 1
s sagging |

— shrinkage strain
» 200-400 x 106
» about 2-3 years

— creep strain
» 2~3 times elastic strain

» about 2-3 years

Reinforced Concrete Construction 8 Architectural Structures Il
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Figure 2.7 Strain-time cu
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Concrete Beams

* shear
— vertical
— horizontal

— combination:

* tensile stresses
at45°

* bearing
— crushing

Reinforced Concrete Construction9 Architectural Structures Il
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Behavior of Composite Members

F2009abn

» plane sections remain plane
» stress distribution changes

F2007abn
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Concrete Beam Design

« composite of concrete and steel

» American Concrete Institute (ACI)
— design for failure L ermasionar
— strength design (LRFD)
* service loads x load factors
+ concrete holds no tension
« failure criteria is yield of reinforcement
« failure capacity x reduction factor
« factored loads < reduced capacity
— concrete strength = f’;
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Transformation of Material

* nis the ratio of E’s - E,
El
- effectively widens a material to get
same stress distribution

> =t y Y
My <<t
op= = -;
o 5 T
c o
(125 mbetndated psgagad =20 | ;\
dA ndA _:_

I—-Ir-| L—nh——*l
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Stresses in Composite Section

» with a section £ £
transformed to one n=—=2 = _ _stel
material, new | E, E e
— stresses in that

material are f My
determined as usual c |
— stresses in the other

material need to be Myn
adjusted by n - . f.=—

o T
f

transformed

transformed
— - = 1
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Reinforced Concrete Analysis

Reinforced Concrete - stress/strain

Strain distribution
Stress distribution
J Resisting couple

|
A
£ @_\E — 0.003

Strain — ¢,

Stress

Steel

Stresses in the concrete above the neutral axis are
compressive and nonlinearly distributed. In the
tension zone below the neutral axis, the concrete is
assumed to be cracked and the tensile force
present to be taken up by reinforcing steel.

Typical stress-strain curve for conerelé.

Working stress analysis. (Concrete Actual stress distribution near Ultimate strength analysis. (A rectangular
stress distribution is assumed to be ultimate strength (nonlinear). stress block is used to idealize the actial
linear. Service loads are used in stress distribution. Calculations are based
calculations.) on ultimate loads and failure stresses.)
FIGURE 6-37 Reinforced concrete beams.
Reinforced Coiiuivie wonou v 2 G 1 o i o
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Location of n.a.

F2007abn

» for stress calculations
— steel is transformed to concrete

— concrete is in compression above n.a. and
represented by an equivalent stress block

— concrete takes no tension
— steel takes tension
— force ductile failure

Reinforced Concrete Construction 15
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Architectural Structures 11l F2007abn

* ignore concrete below n.a.

* transform steel

e same area moments, solve for x
s —

T

nA _— F

bx%—nAs(d ~X)=0

Reinforced Concrete Construction 16
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T sections ACI Load Combinations*

* n.a. equation is different if n.a. below e 1.4D
flange . ./ 1.2D + 1.6L *+ 0.5(L, or S or R)
. 1.2D + 1.6(L, or S or R) + (1.0L or 0.5W)

1.2D + 1.0W + 1.0L + 0.5(L, orSorR)
1.2D + 1.0E + 1.0L + 0.2S

« 0.9D + 1.0W
« 0.9D + 1.0E . =
~h
bfhf(x - h%j +(x~h )b, ¥— nA,(d-x)=0 *can also use old
ACI factors
Reinforcement Reinforced Concrete Design
» deformed steel bars (rebar) « stress distribution in bending
— Grade 40, F, = 40 ks! b 0.85f"
— Grade 60, F, = 60 ksi - most common XI C a:I tal2 C
d :

— Grade 75, F, = 75 ksi o lld vM— B Nod——
— US customary in # of 1/8” ¢ ,\ n A, NA T T

* longitudinally placed
— bottom actual stress Whltrtl)?g/citress

— top for compression reinforcement
—spliced, hooked, terminated...

Wang & Salmon, Chapter 3

Reinforced Concrete Construction 19 Architectural Structures 11l F2007abn Reinforced Concrete Construction 20 Architectural Structures 11l F2007abn
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Force Equations

Equilibrium

« C=0.85f_ba
- T=A{, =]
* where
—f’. = concrete compressive
strength

— a = height of stress block

— b = width of stress block

—f, = steel yield strength

— A, = area of steel reinforcement

Reinforced Concrete Construction 21 Architectural Structures 1l
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Over and Under-reinforcement

0.85f",

la/2

F2007abn

» over-reinforced
— steel won't yield

» under-reinforced
— steel will yield

* reinforcement ratio

A

— p:m

— use as a design estimate to find A, b, d

—max pis found with gy =0.004 (not p,,)

Reinforced Concrete Construction 23 Architectural Structures 11l
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«-T=Cc 0.85f",
« M, = T(d-a/2) a:l (a2 ¢
— d = depth to the steel n.a. dl - Bux
« with A, v T
—a= Ad,
0.85f"b
-M, oM, ¢=0.9 for flexure
— oM, = ¢T(d-a/2) = ¢ Adfy (d-a/2)
A, for a given Section
 several methods b 0,857
H Ca/2
—guess a and iterate i ; al c
1. guess a (less than n.a.) A, N
2. 085f.ba - e
A==

3. solve for a 1Zrom M, =dA fy(d _%)

a=2(d— M, ]
AT,

4. repeat from 2. until a from 3. matches a in 2.

Reinforced Concrete Construction 24 Architectural Structures Il
Lecture 9 ARCH 631
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A, For Given Section (cont)

e chart method

—Wang & Salmon
Fig. 3.8.1 R,vs.p

M

1. calculate R =—1"
n d2

2. find curve for
f.and f, to get p

3. calculateA and a

» simplify by setting h = 1. 1dwr | )
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ACI Shear Values

Shear in Concrete Beams

» flexure combines with shear to form
diagonal cracks {y o —"\_ .

i

S =
 horizontal reinforcement doesn't help
« stirrups = vertical reinforcement
- e
» Vertical stirrups { ”‘A ]
- _ | s
L' A <_J Section A-A

Lecture 9 ARCH 631

Stirrup Reinforcement

 V, is at distance d from face of support
- shear capacity: V, =v_ xb,d
— where b, means thickness of web at n.a.

 shear stress (beams)
— v, =21 ¢ =0.75 for shear

AT

» shear strength: Vi SV + 9V,

— V. is strength from stirrup reinforcement
ACI 11.3, 11.12

Im

Reinforced Concrete Construction 27 Architectural Structures 1l F2007abn
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» shear capacity:

) AT,d oon

VS
S
— A, = area in all legs of stirrups
— S = spacing of stirrup o S ET

* may need stirrups when concrete has
enough strength!

Reinforced Concrete Construction 28 Architectural Structures Ill F2007abn
Lecture 9 ARCH 631



Required Stirrup Reinforcement

Concrete Deflections

* spacing limits

Table 3-8 ACI Provisions for Shear Design*

OV . v,
s | g2y T Vi Ve
E : - 50bws (Vu - oVe)s
Required area of stirrups, Ay none ———
fy oiyd
Required — Avly Ak
50by Vi — oV
Recommended
MinimumT — — 4in.
Stirrup spacing, s
gorzdin. gorEMn. for (Vi - 4V < 04§ byd
Maximum T )
(ACI 11.5.4) . R
%oHEm or (v ~Ve) > 44+/% bud

*Members subjected to shear and flexure only; §V;, = $2 VT bad, $ =0.75 (ACI 11.3.1.1)

“"Ay =2 X Ay for U stirrups; f, < 80 ksi (ACI 11.5.2)

1A practical limit for minimum spacing is d/4

ttMaximum spacing based on minimum shear reinfarcement (= Avfy/50by,) must also be considered

(ACI 11.5.5.3).
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Deflection Limits

* relate to whether or not beam supports
or is attached to a damageable non-
structural element

* need to check service live load and long
term deflection against these

L/180 roof systems (typical) — live
L/240 floor systems (typical) — live + long term
L/360 supporting plaster — live

L/480 supporting masonry — live + long term

» elastic range
— | transformed
— E. (with f, in psi)
« normal weight concrete (~ 145 Ib/ft3)
E, =57,000,/ f/
« concrete between 90 and 155 Ib/ft3
E, =w-°33,/f/
» cracked
— I cracked |-
— E adjusted :

Reinforced Concrete Construction 30 Architectural Structures Il F2007abn
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Prestressed Concrete

» impose a longitudinal force on a
member in order to withstand more
loading until the member reaches a
tensile limit

SENENeE
B MV

Reinforced Concrete Construction 32 Architectural Structures 11l F2007abn
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Prestressed Concrete

pretensioned

— reinforcement bonded
post-tensioned

— bonded or unbonded
—end bearing

* precast

— concrete premade in a position other than
its final position in the structure

Reinforced Concrete Construction 33 Architectural Structures 1l F2007abn
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Prestressed Concrete

+ axial prestress (e=0)

Y.
cgc (also cgs)
D
: . ’ }*
-
M(w)
w
‘E’ y ~— e , % g ?
7 7
¢ P Mc,
== t-top or
A I p b - bottom
¢ - distance to fiber
fb - _E + % Ig - gross cross section inertia
A,
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Prestressed Concrete

* high strength tendons

grade 250
“[5
—grade 270
180
s,
= fos |~
X 40
5
z
» 120f
4
& 100] | Mild Steel
f,
’
40
0 L
0.02 0.04 0.06 0.08 (in.fin.)
Strain

Figure 2.18(b) Stress-Strain Diagram for Prestressing Steel Strands in Compari-
son with Mild Steel Bar Reinforcement
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Prestressed Concrete

+ axial prestress (e=0)

=== B Y
== S—— -
PTM

Nk

L bbbl ,**f“f
1 | P i Al ?
$F “F

e i __
4 P _Pec ; M_
AT T
ft :_E Pi_ Mct :_E 1_% _ C, (remember—r:\/%)
A1 AU ),
P Pec, Mc P ec, Mc
fp=-———2+—=—— 140 |+ 0
A 1, A r g
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Prestressed Concrete

Ct i Compression

Tension Comp

| Baf, '._

-
i
b

=225 /-
e I I el

Pre:tve::ing Compression Compression Compression Tension
or could be zero —
(decompression)
(a) (b) (c) (d) (e) (f)

Figure 4.2 Flexural stress distribution throughout loading history. (a) Beam sec-
tion. (b) Initial prestressing stage. (c) Self-weight and effective prestress. (d) Full
dead load plus effective prestress. (e) Full service load plus effective prestress. (f)
Limit state of stress at ultimate load for underreinforced beam.

Reinforced Concrete Construction 37 Architectural Structures 1l F2007abn

Lecture 9 ARCH 631

Composite Beams

Prestressed Concrete

° Concrete v. Cuncrete'w
—in compression
* steel

Shear studs
welded to
beam

<——W section

- In tenSIOn (c) Composite beam,
> B
- shearstuds .
- e s I _—‘ ‘k_/-\_,-\_,—'._.—\,,{l
S a@” ' Lsg B-B
E s ] : - (b)
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Load
G
Ultimate |- — —— — — = — — — — — — IE— -
Steel yielding | — —— — —— — —— — Eor %
Service load limit | — — = = — = —— = — R, T, e
including
tolerable overload Overload
f =75/ & B :
=1 o First cracking load - — — — —#~— ——— & — Service load
range
C £t i
Decompression |- — -@— — = o higq;har
Designload £ / Lo .
DL+LL =0
( ) Balanced =ul) -4 ous { )
(w) B/ Ap; = Initial prestress camber
s Ap, = Effective prestress camber
Full dead load — — -@-—1+——1 3
e A, = Self-weight deflection
Self weight e Ap = Dead load deflection
/ \ A, = Live load deflection
J/
7 PO SO Deformation A
A 8, |4, o _-I (deflection or camber)
’4— Bpg—
- areas of design importance
Bpi
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Continuous Beams

- reduced size
* reduced moments == e TR

Pretensioned
tendons

* moments can

reverse with loading patterns
* need top & bottom reinforcement
* sensitive to settlement

Lecture 9 ARCH 631




Approximate Depths

Siabs
(poured in place)

[ Cantiever 12 ] |

Beams
(poured in place)

Simply |
supparted L/20

Lzo-tizs |

— e

LB-LM5

Flat plate o
(poured in place)

Reinforc
Lecture ¢

Concrete Columns

F2007abn

» effective length in monolithic casts must
be found with respect to stiffness of joint

Al hook
o ivph
* not slender when B
kL A bars . .\ /,w
u < 2 2 Column =18 in, ggega:isurrh\ud
. PLAZE 12k @‘HD splics = graa|srgf<]‘2‘?.‘“
e CAS TN 2kare
T ERerEe -
Zztﬂgg \gE’.‘\M Fleld Ereclion Al 12 bar amrangamsnts
gsgg‘mrmcr > T
o 1 AT
MAEES ASSBMBLT 1St S Lol
MENG LITHI & g:ia':emhleﬂ Fleid Ereetion
rrrrrrr Al 16 bar arangsmants

Fixed

Reinforced Concrete Construction 43
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20in., 22 in., and £4 in_ columing

AL hooks tiyp )
[

Fisld Ersction

Architectural Structures 11l
ARCH 631

Fugtre 57 Column Tie Details

F2007abn

Concrete Columns

 columns require

— ties or spiral reinforcement
to “confine” concrete
(#3 bars minimum)

Tied Spirally reinforced
column column

— minimum amount of longitudinal steel
(#5 bars minimum: 4 with ties, 5 with spiral)

Reinforced Concrete Construction 42 Architectural Structures |1l F2007abn
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Concrete Columns

‘
P

X
v N
e Ao
\.;__L‘-I-

77, PR

Figure 13.3.2

Figure 13.3.3
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Concrete Columns

* P,—no bending

P,=0.85f/(A, —A)+ f A

¢. = 0.65 for ties with P,, = 0.8P,
P = 0.70 for spirals =
with P,, = 0.85P, o ad
Pu _<¢CPn e 777}?04: PO'(‘ZIS‘CBKMTF“:%;N
nominal axial capacity: | | G
— presumes steel yields P
— concrete at ultimate stress <%

Reinforced Concrete Construction 45 Architectural Structures Ill F2007abn
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Columns with Bending

« for ultimate strength behavior, ultimate
strains can't be exceeded

—concrete 0.003 ...

—steel L
E

& <& _—10.003

e=
S
/Sectlon
< ©

* P reduces P s 3
. i 4 ion-c d
with M o LA S Ao
My l, ‘M, - axis

€ = 0.005

M,,, bending moment
Figure 13.6.1 Ty

compression and bendi

is where ¢, = =(
Reinforced Concrete Construction 47 Architectural Structures Ill F2007abn
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Columns with Bending

» eccentric loads can cause moments

* moments can change shape and induce
more deflection

(P- A) v + '
5 ]

L

i b b

A

.....

(@) ®) ©)

Figure 10.6 Considerations for development of bending in steel columns; (a)
bending induced by eccentric load, (b) bending transferred to column in a rigid
frame, and (c) combined loading condition, separately producing axial compres-
sion and bending.
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Columns with Bending

* need to consider

CO m b i n e d Nars in compression
N R ~

stresses ® k

5+NIn <1

P M Axial Load

0 0

0 <fg < 0.5f
on tension Igce

» plot interaction
diagram

Bending Moment

Figure 5-3 Transition Stages on Interaction Diagram
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Concrete Floor Systems

* types & spanning direction

Reinforced Concrete Construction 49

ONE-WAY SLAB
(with beams)

THO-WAY SLAB
(with dropped panels)

Lecture 9

heavlly reinforced
toresist shear 7
around columns .~

A

THO-NAY SLAB
{with beams)

=

FLAT PLATE

Architectural Structures Il F2007abn
ARCH 631

Concrete Floor Systems

« flexure design as T-beams (+/- M)

—L/4
—b,, + 16t

— center-to-center
of beams

Reinforced Concrete Construction 51
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increase of 10% V. permitted

one-way and two-way moments
slabs need steel
effective width is

A = equivalent width
for uniform stress

Actual extreme fiber
compressive stress /.
and same & for infinitely wide flange
compressive force £ \

as actual stress
distribution

Figure 9.3.1 Actual and equivalent stress distribution over flange width

Architectural Structures 11l F2007abn
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Concrete Floor Systems

(8) ONE-WAY CONCRETE JOI5TS

(¢} WoorD JoisTs

Reinforced Concrete Construction 50
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One-way

Joists

— standard
stems

—-25"t04.5”
slab

—~30” widths
— reusable forms

Reinforced Concrete Construction 52
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(b} PRECAST DOUBLE-TEES

()} WAFFLE SLAB (two-way jolsts)

Architectural Structures 1l F2007abn
ARCH 631
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= FLANGEforms

FLANGEforms are available in stan-
dard 2- and 3-foot modules. These
Forms are among the most popular

because of their flexibility to accom-

modate various layouts and joist
widths where required. They are
efficient for prajects with heavy
superimposed laads and provide

a two hour fire rating by using a

4 1/2- inch hard-rock concrete top-
ping. They are efficient for projects
of smaller size and for moderate
size projects with iregular layouts
or unusual building shapes, They
are also efficient for projects where:
the structure is not required to pro-
wide a two-hour fire rating by using
FHinch or 3 1/2-inch top skab.

The varying depths provide flesibil-
ity to meet a wide range of spans

and loads, Further, they will accom-

modate in-the-floor raceway electri-
cal and communication distribution
systems. Ceco FLANGEforms are
capable of producing sound struc-
tural concrete, but are incapable of
producing bight tolerances and

smooth finishes. This form &2 seg-

mented steelform and the concrete
will have irregular joists, a rough
Finish, and offsets at both the laps
and flanges.

1t a higher quality finish is required,
you may wish 1o consider Ceco
LONGforms (please see page 6.}
The additicnal cost of higher quality
forms are often offset by finishing
costs, Contact your Ceco represen-
tative for assistance.

Concrete Quantities /30" Widths*

# Al cuk o e over ALAGETorrs snd josts

prgy g o e e o
3 = m
w | = £
v = a
w | - = =
v ) ]
20" s - ™
w | L E =
teten
ey

3

o 3070 25" or 20° 10 160




One-way

Joists
— wide pans
-5, 6’up
— light loads &
long spans
— one-leg
stirrups

Reinforced Concrete Construction 53
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Construction Supervision

WIDE FLANGEforms

1

WIDE FLANGEforms are available in

respec-
tively. ACT 318 requires the "joist" to
be designed as a beam with minimum
shear reinforcement. Any joist width
an be used in combination with stan-
dard width pans to address span and

tural fioor must provide a two-hour fire
rating,

Using hard rock concrete, a 4 1/2-inch
slab and minimum siab reinforcement
will result in sufficient capacity for a
varlety of superimposed loads while
reducing structure dead load. Shal-
lower depth forms are appropriate for
spans in the 25- to 35-foot range.
Deeper depths are appropriate, under
moderate foads, for spans in the 35~ to
45-foot range using mild steel, while
spans up to 60 feet can be achieved
with post-tensioning.

By varying joist widths, different load-
ing conditions can be accommodated
using standard forming equipment
without the need to add drop beams.
Distribution ibs, which add unneces-
sary cost, are not required with wide
‘module construction.

‘These forms are appropriate for struc-
tural concrete only, and should not be
specified for critically exposed surfaces
where appearance s important. They
are a segmented steel form that wil
impart irregular lap and flange marks
to the finished concrete, though many
the finished product is accept-
able for non-critically exposed work.

If @ higher quallty of finish is desired,
for additional cost, you may wish to
consider Ceco LONGforms (please see
page 6). Your Ceco

Voids Cre.

53" Design Module

Voids Cre:

66" Design Module

owarvas

ated with

ated with

assist in form type selection.

* proper placement of all

reinforcement
— welding
—splices
* mix design
—slump
— in-situ strength
* cast cylinders

« cylinder cores — if needed

Reinforced Concrete Construction 55
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Two-way

FIBERGLASSdomes

Joists

— domed pans
-3,4’&5’

Reinforced Concrete Construction 54
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FIBERGLASSdomes are available in 3, 4
‘and 5-foot modules for two-way joist
or waffie stab construction. Other
modules and depths are available on a
custom basis at additional cost, Be-
cause these forms are available in
wider modules and deeper depths,
fonger spans up to 50 feet can be ac-
‘commodated efficiently.

Though fiberglass forms are more
costly than other forms, high reuse
within a project and the elimination of
appiied finish such as ceilings, can
make this system very cost efficient.

For critically exposed work, these are
the forms to specify. These forms are
‘one-piece, molded, fiberglass rein-

forced plastic manufactured to exacting
requirements. They are installed by
butting one form to the next for stan-
dard joist widths. This butt joint wil
be reflected in the finished concrete,
Ceco representatives can share their
insights with you regarding form selec-
tion.

FIBERGLASSdomes

e G st ot e et
T I
F | aon | S
w - B ne
W [ S
W o = £
P i >

VERTICAL SYSTEMS

COLUMNS - Ceco has a variety of
forms for round, square or rectangular
‘columns made of steel, wood o fiber-
glass reinforced plastic. The most cost
effective columns are round and are a
constant size vertically through the
building. Next are square and rectan-
qular forms of constant modular di-
mensions (see CRST Structural Bulletin
No. 11). However, if special

are required, Ceco will customize cok-

Variation in finish is slight. Surface
has more to do
with ility for reuse than

contacting your local Ceco office, you
can tap into a valuable resource for

with concrete finish (see APA PS 7-83).
There is a wide variety of form liners
for architectural treatment, but archi-
tectural concrete, which is covered in
Chapter 5 of ACI 374, is
scope of this publication. Straight inte-
rior waalls, without offsets, comers, pi-
lasters or special facings are the least
Ceco

umns to meet your

WALLS - Ceco has a variety of forms
for various wall forming requirements.
are the most common
and are available with a wide range of
surface treatments which produce a
range of finishes on the concrete. The

costly.

STAIRS, SPANDRELS &
MISCELLANEOUS - Much of the fore-
going discussion on walls applies to
these buikling elements as well. By

10

these and other special
features of your project.
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