ARCH 631 Note Set 10.1 F2016abn
Reinforced Concrete Design
Notation:
a = depth of the effective compression Es = modulus of elasticity of steel
block ina concrete beam f = symbol for stress
A = name for area fe = compressive stress
Ag = gross area, eqt_JaI to the total area fi = concrete design compressive stress
A |gnor|nfg ?”yl rel_m;orcemeni _ fs = stress in the steel reinforcement for
= area of steel reinforcement in :
) concrete design
concrete beam design fj = compressive stress in the
Al = area of steel compression compressiomeinforcement for
(rjein_forcement in concrete beam concrete beam design
esign fy = yield st trength
_ _ _ y yield stress or streng
Ast = area oftsteerelnfo;cer_nent in fu = yield stress or strengthf transverse
A = ar_ee; of concrtete shear stirrup E = shorthand for fluid load
reintorcemen _ G = relative stiffness of columns to
QCl - \f\v:gter: 'Cgﬁeg%?ggggt?jgyte beams in a rigid connection, as¥s
_ y . h = crosssection depth
be = effective W'%th of the flange of a H = shorthand for lateral pressure load
_ cqg%retfe r-:- ﬂeam cross section hy = depth of a flange in a T section
ng : Wld:h Of :he ?nge b) of ltransformed= Moment of inertia of a mutti
= \(,:V(;ncré)te Tebse Zm ((:‘:\:)es s) :eca'tion material section transformed to one
) material
¢ - dls_tan;;e from thte tg p to the neutral k = effective length factor for columns
_ axis of a concrete beafsee x) ?, = length of beam in rigid joint
cc = shorthand for clear cover o
C = name for centroid ?. = length of cdumn in rigid joint
= name for a compression force la = development length for reinforcing
C. = compressive force in the steel
f:lrr:}grrfgéogosrfgeeltgl seg?#bly l'dh = dlevelopmept Ienfgth fo; hooks
_ _ n = clear span from face of support to
Cs = compressive fprce in the concrete face of support in concrete design ‘
gf a doubly reinforced concrete L = name for length or span length, a$ is
eam = shorthand for live load
d = effective depth from the top of a L = shorthand for live roof load
reinforced concrete beam to the LL = shorthand for live load
) centroid of the tensile steel Mn = nominal flexure strength with the
d° = effective depth from theop of a steel reinforcement at the yield
relntfor_((:jedf(;ﬁncrete beam to t?e I stress and concrete at the concrete
centroid ot the compression stee design strength for reinforced
d» = bar diameter of a reinforcing bar concrete beam design
D = shorthand for dead load My = maximum moment from factored
DL i shorthand for dead load _ - loads for LRFD beam design |
E =modulus of el asticy t ¥ m&dilus Sf@idsticlydrinsformation
n:]OdUAUSd . hauake load coefficient for steel to concrete
= shorthand Tor earthquake loa n.a. = shorthand for neutral axis (N.A.)
Ec = modulus of elasticity of concrete pH = chemical alkalinity
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P = name for load or axial force vector Wy, = load per unit length on a beam from
Po = maximum axial force with no load factors
concurrent bendingroment in a W = shorthand for wind load
reinforced concrete column X = horizontal distance
Pn = nominal column load capacity in = distance from the top to the neutral
concrete design axis of a concrete bea(see ¢
P, = factored column load calculated y = vertical distance
from load factors in concrete design = coefficient for determining stress
R = shorthand for rain or ice load block height,a, based on concrete
= radius of curvature in beam .
_ ) ) strength,f 4
deflection relatlonsr_upesegr ) D = elastic beam deflection
R, = concrete beam design ratio = e = strain
3 M“/qu . o et = strainin the steel
S = spacing of stirrups in reinforced _ . )
ey = strainat the yield stress
concrete beams > = modificationfactor for lightweight
S = shorthand for snow load - concrete 9 9
t = name for thickness f _ resistance factor
T = name for a tension force - e3fs ance facto _
= shorthand for thermal load f. = resistance factor for compression
U = factored design value g = density or unit weight
Ve = shear forceapacity in concrete = ratio of reinforcement width to
Vs = shear force capacity in steel shear width of column
stirrups r = radius of curvature in beam
Vu = shear at a distance dfaway from . . :
: deflection relationship&ee R)
the face of support for reinforced o .
. = reinforcementatio in concrete
concrete beam design T
o beam design = £bd
We = unit weight of concrete
wpL = load per unit length on a beam from Tvaiancec = halanced reinforcement ratio in
dead load concrete beam design
wiL = load per unit length on a beam from = shear strength in concrete design

live load y
Wself wt= Name for distributed load from self
weight of member

relative stiffness of columns to
beams in a rigid connectiofsee G)

Reinforced Concrete Design

Structural design standards for reinforced concrete are establishedBayltiieg Code and
Commentary (ACI 3184) published by the American Concrete Institute International, and uses
strength design (also known lasit statedesign).

f& = concrete compressive design strength at 28 days (units of psi when used in equations)
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Materials

Concrete is a mixture of cement, coarse aggregate, fine aggregate, and water. The cement
hydrates with the water to form a binder. The result isacha& n e d
There are various types of cement for low heat, rapid set, and other properties. Other minerals or

Note Set 10.1

cementitious materials (like fly ash) may be added.

ASTM designations are
Ordinary portland cement (OPC)

Type I

Type Il
resistance

Type IlI:

Type IV:

Type V:

The proper proportions, by volume, of the mix constituents
determine strength, which is related to the water to cement ratic
(w/c). It also determines other properties, such as workability o

Moderate heat of hydration and sulfate

High early strength (rapid hardening)

Low heat of hydration
Sulfate resistant

F2016abn

mass with

Main Ribs

Letter or Symbol
for Producing Mill

Bar Size #11

Type Steel™

S for Billet-Steel (AB15)
2 for Rail-Sleel (A996)
R for Rail-Steel (A996)
A for Axle-Steel (A996)
W for Low-Aliay Steel (A706)

Grade Mark

Grade Line (One line only)
“Bars marked with an § and W meet both A615 and A706

GRADE 60

fresh concrete. Admixtures, such as retardants, accelemtsrgerplasticizers, which aid flow
without adding more water, may be added. Vibration may also be used to get the mix to flow
into forms and fill completely.

Anfoi

Slumpis the measurement of the height loss from a compacted cone of fresh concreteelt can b
an indicator of the workability.

Proper mix design is necessary for durability. The pH of fresh cement is enough to prevent

reinforcing steel from oxidizing (rusting). If, however, cracks allow corrosive elements in water
to penetrate to the steelcarrosion cell will be created, the steel will rust, expand and cause
further cracking. Adequate cover of the steel by the concrete is important.

Deformed reinforcing bars come in grades 40, 60 & 75 (for 40 ksi, 60 ksi and 75 ksi yield

strengths). Sizes r e

given as

size (while the actual size is larger).

#

of

1/ 80 up to #8

Reinforced concrete is a composite material, and the average density is considerEsDttotié.
It has the properties thatvitill creep (deformation with long term load) and shrink (a result of
hydration) that must be considered.

Construction

Because fresh concrete is a viscous suspension, it is cast or placed padred Formwork

must be able to withstand the hydraydressure.Vibration may be used to get the mix to flow
around reinforcing bars or into tight locations, but excess vibration will cause segregation,
honeycombing, and excessileedwater which will reduce the water available for hydration
and the strert), subsequently.

After casting, the surface must be work&treedingemoves the excess from the top of the
forms and gets a rough levdtloating is the process of working the aggregate under the surface
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and to Afl oat 0o s oTmeelinytkes placetwben thenngix hasuhydifatadctethe
point of supporting weight and the surface is smoothed further and consolidatedg is
allowing the hydration process to proceed with adequate moisture. Black tarps and curing

compounds are commlyrused. Finishingis the process of adding a texture, commonly by
using a broom, after the concrete has begun to set.

Behavior ¥ ¥
Plane sections of composite materials can sti - 7 6 =- =
be assumed to be plane (strain is lingaujthe =
stress distributiors notthe same in both | [T | T

. L N.A. 2 a,
materials because tineodulus of elasticitis ) o= B
different. (=E®) 3

(@ ®) @
A
AFTER PEAM BENDS
2 b

’ i il fI:E.I.e :%/ fZ:Eze :E/

S [ \5 where R (orr) is the radius of curvature
z77 P\ In ordgr to determing the strgss, we can defiae
% S 2 P 7 the ratio of the elastic moduli: E

n=—2
E,
nis used tdransformthe width of the second material such that it sees the equivalent element stress.
. ] =84 ’
TransformedSection y and | =
In order to determine stresses in all types of material in = 5
we transform the materials into a single material, and N.A. —1g;
calculate the location of the neutral axis and modulus 0 | g—|—-|—mm 5
for that material. & i E)
|“‘—EJ—‘“| |"‘—J'J.b—’“
ex: When material 1 above concrete and material 2 is steel
to transform steel into (:oncret(m:E %
oncrete

to find the neutral axis of the equivalent concrete member we transform the width of the
steel by multiplying byn

to find the moment of inertia of the equivalent concrete memgggilmed Use the new
geometry resulting from transforming the width of the steel

My Myn

concrete stress:f =

concrete

steel stress: f

steel = |

transformed transformed
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Reinforced Concte Beam Members

Strain distribution
Stress distribution

Resisting couple

Stress

{

ééﬂ

A

T ]
Steel Strain —e,
Stresses in the concrete above the neutral axis are Typical stress-strain curve for congrals,

compressive and nonlinearly distributed. In the
tension zone below the neutral axis, the cc\mcrete is
assumed to be cracked and the tensile force
present to be taken up by reinforcing steel.

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 actual
linear. Service loads are used in stress distribution. Calculations are baseq
calculations.) on ultimate loads and failure stresses.}

Strength Design for Beams

Strength design method is similar to LRFD. There mominalstrength that is reduced by a
factorf which must exceed the factored design stress. For beams, the concrete only works in
compression over a rectangular fAstresso bl
steel is exposed and reaches the yield stfess,

For stress analysis neinforced concrete beams

1 the steel is transformed to concrete .L

1 any concrete in tension is assumed to be E—
cracked ando haveno strength

1 the steel can be in tension, and is placed in th i_ _Lié{})

| uhraitforaed aorarats Beam

bottomof a beam that has positive bending | ol in ension (e-aces on botton)

moment l

The neutral axiss where there is no stress and no stre
The concrete above the n.a. is in compression. The
concrete below the n.a. is considered ineffective. Thu
steel below the n.a. is in tension. (Showmxdsut also
sometimes namecl)

—_—

stael reinforeing 'n battom
of peam resiats bens or

Figurs 8.5: Bending in a concrets beam without and with steal rainforcing.
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Because the n.a. is defined by the moment areas, we can sotkn@wing that d is the

distance from the top of the concrete section to the centroid of the stee|;
bx 5" nA(d- x)=0
l——b——|

2 g

x canbe solved for when the equation is rearranged into the generic format with a, b & c in the
_-b°+b’- 4ac

binomial equation: ax*+bx+c=0 by x >
a

T-sections

If the n.a. isabovethe botom of a flange ina T
sectionx is found as for a rectangular section.

If the n.a. isbelowthe botom of a flange ina T
sectionx is found by including the flange and the
stem of the web (§) in the moment area calculation.

iy Bx il

Load Combinations (Alternative values allowed)
ASTM STANDARD REINFORCING BARS

14D - Nominal Nominal area, | Nominal weight,
Bar size, no. diameter, in. in.2 Ib/ft
1.2D + 1.6 + 0.5(ror SorR) 3 0.375 0.11 0.376
4 0.500 0.20 0.668
1.2D + 1.6(rorSorR) + (1.0L or 05W) s D628 031 iinds
6 0.750 044 1.502
12D+ 10W+ 10L+ 0.5 orSorR) , s gy pRcy
1.2D+1.0E+1.0.+0.5 X 1000 i 2670
9 1.128 1.00 3.400
10 1.270 127 4.303
0.9D + 1.0W
11 1.410 1.56 5.313
Oog:) + 1CE 14 1.693 225 7.650
18 2.257 4.00 13.600
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Internal Equilibrium

c o t b 0.85f ¢
= compression in concrete = a2
stress x area 0.85 fcba cor xI «—C azi ﬁ—c
T =tension in steel = h d o Ne= bl ——_._..
stress x area Ad n.a.
Ao AL R R
C = TandMp, = T(d-a/2) actual stress  Whitney stress block

where f & concrete compression strength

a = height of stress block b, =0.85 -gem 8).05) 2.6
b= factore based on fa¢ 1000 =
X or ¢ = location to the neutral axis
b = width of stress block
fy = steel yield strength
As = area of steel reinforcement
d = effective depth of section
(depth to n.a. of reinforcemgnt
With C=T, Adfy = 0.85 fcba soacan be determined with= OQSSffyb bc

Criteria for Beam Design
For flexure design:

My ¢ fMp  F =0.9 for flexure(when the section tensioncontrolled)
so,My can be set #Mp =7T(d-a/2) = f Adfy (d-a/2)

Reinforcement Ratio

The amount of steel reinforcementimited. Too much reinforcement, overreinforcedwill
not allow the steel to yield before the concrete crushes and there is a sudden failure. A beam
with the proper amount of steel to allow it to yield at failure is said tenbler reinforced

_A

The reinforcement ratio is just a fraction: = od (or p) and must be less than a value

determined with a concrete strain of B@hd tensile strain of 0.004 (minimum).

When the strain in the reinforcement is 0.005 or greater, the sect@rsisn controlled (For

smaller strains the resasice factor reduces to 0.65 because the stress is less than the yield stress
in the steel.) Previous codes limited the amount t0/@aéhcedWheres baiancedWas determined

from the amount of steel that would make the concrete start to crush at thesemadime that

the steel would yield based on strady) ©f 0.002.

f

The strain in tension can be determined frgm h:(0.003). Atyield, e, :Ey'
C S
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The resistance factor expressionstfansition andcompression controlledsections are:
0.15

=075 H g -, g——— for spiral members (not less than 0.75)
(0.005 ¢,)
0.25
f=065H g -, g——— for other members (not less than 0.65)
(0.005 ¢,)
Maximum Reinforcement Ratio p for Singly Reinforced Rectangular Beams
(tensile strain = 0.005) for which ¢is permitted to be 0.9
Flexure Design of Reinforcement fe=3000psi f.=3500 psi f".=4000 psi f’=5000psi /"= 6000 psi
_ 5 /=085 £ =08 S =08 S =08 B =075
One met hod i s t o 40000psi 00203 0.0237 0.0271 0.0319 0.0359
height of the stress block, and solve 50,000 psi  0.0163 0.0190 0.0217 0.0255 0.0287
60,000 psi  0.0135 0.0158 0.0181 0.0213 0.0239
for_ As, and calculate a new value far 7=20 MPa F.=25 MPa 7. =30 MPa J.=35 MPa 7, =40 MFa
usingMu. % B =085 5 =085 =08 B =081 B =077
300MPa  0.018l 0.0226 0.0271 0.0301 0.0327
1. guessa (less than n.a.) 350 MPa  0.0155 0.0194 0.0232 0.0258 0.0281
085f p 400 MPa  0.0135 0.0169 0.0203 0.0226 0.0245
2. A =—""c a 500 MPa  0.0108 0.0135 0.0163 0.0181 0.0196
fy
3. solve fora from setting R, from Reinforced Concrete, 7th

Wang, Salmon, Pincheira, Wiley & Sons, 2007

My = FAdy (d-a/2):

1600 an
a M <4110
= - u _Q
a Z%l fAf, O f,=6000 f;= 6000 d1o
G y = f,= 60,000 f,=50000 | ., i 004100
4. repeat from 2. unté found fom 1400 e n / 1/ /1, - 40,000
step3 matches used n step 2 f, = 50,000 \Z // oy
| =
f, = 5000 J .
g7 = 2 f, = 5000
. 1200 |fy = 6c|),000 // / // f,=40000 | 1g
DesignChart Method: f, = 4000 / .
M ~ y = 50,000
1. calculateR, = — 2 | ] / f, = 4000 £
2 ~ 1000 f. = 4000 c 70
bd o ey s / // // f, = 40,000
2. find curve forf cGandfy to getr g / /%7 Joo & P &
3. calculateAs anda £ s00— 2| %
5 fe = 3000 4 / f; = 3000 & «
Af g f, = 60,000 f, = 40,000 dso = 15
A =rbdanda=—-Y- s ki y =40, 50
0.85f b £ / / |
3 /i f. = 3000
N : S 600 /ey 4
Any method can simplify the size of d A/ 50000 i
using h=1.1d
400 / / e T
Maximum Reinforcement /// = PORE
- 2
Based on the limiting strain of 200 ,,/ &= Ke= i
0.005 in the steek(or c) = 0.375dso I 410 1
K Min p controls
a= b1(0375d) to find Asmax ;
. . 0 . y
(b1 is shown in the table above) 0 0.01 0.02 0.03 0.04 005 "

Reinforcement ratio, p
Figure 3.8.1 Strength curves (R, vs p) for singly reinforced rectangular sections. Upper limit of
curves is at pmac. (tensile strain of 0.004
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Minimum Reinforcement
Minimum reinforcement is provided even if the concrete can resisetisgon. This is a means
200

to control cracking.
3 'f .
¢ (bwd) but not less than:Ag =5 (bwd)

fy _
3/fd

where fj is in psi. This can be translated 1Q,, =

Minimum required:Ag =

200
; but not less thanf—

y y
Compression Reinforcement
d!
. - . - . | b |

If a section idoubly reinforceglit means there is steel L 1 a-d
in the bea_m seeing cor_npre_ssion. Tdved in the B S7iae ta = <-1<:!1—_CCC’
compression steel at yield is equal to stress x area, | T |
Cs=Acby. The total compression that balances the | 4 - | d-al2
tension is nowT = C; + Cs. And the moment taken | A 4,
about the centroid of the compression stress is Sl S S ¢ —1—

T

Mp = T(d-a/2+Ca-d 6 )

whereAsQis the area of compression reinforcement, @ri the effective depth to the
centroid of the compression reinforcement

A = equivalent width Actual extreme fiber
for uniform stress compressive stress 7

T-Sectlons (pan JOlStS) and same for infinitely wide flange

. b
compressive force £

as actual stress
distribution

T beams have an effective width, that sees
compression stress in a wide flange beam or
joist in a slab system.

For interior T-sectionspe is the smallest of

L/4, bw + 16t, or center to center of beams
FOI‘ exteriorT‘SeCtionSbE iS the Sma"est Of Figure 9.3.1 Actual and equivalent stress distribution over flange width
bw + L/12, by + 6t, or by + ¥2(clear distance to next beam)

When theweb is in tension the minimum reinforcement required is the same as for rectangular
sections wittthe web width ) in place ob. Mn=Cw(d-a/2)+C¢(d-h/2) (hris height of flange o)

When theflange is in tension (negative bending), the 6\/—' 3\/1‘—1
minimum reinforcement required is the greater value Af = f—cl(bwd) or A= ; < (b, d)
y y
where f is in psi,bw is the beam widthandby is the effective flange width

| —b

I — [ I-TL I

| S T N R R g Compression zone —___ Tension reinforcement
Y

=
by (negative moment).
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Lightweight Concrete

Lightweight concrete has strength properties that are different from naerghit concretes, and
a modification factorg; must be multiplied to the strength value\ySf_ci . for concrete for some

specifiations (ex. shear). Depending on the aggregate and the lightweight concrete, the value of
aranges from 075 to 0.85, 0.85, or 0.85 ta Jos 1.0 for normaleight concrete.

Cover for Reinforcement

Cover of concrete over/under the reinforcement must be provided to protect the steel from
corrosion. For indoor exposur&4 inch is required for slabs,5 inch is typicafor beamsand
for concrete cast against sdljncresis typical.

Bar Spacing

o _ - Table 7.3.1.1—Minimum thickness of solid nonpre-
Minimum bar spacings are specified to allow stressed one-way slabs

proper consolidation of concrete around the

_ Support condition Minimum A/l
reinforcement. Simply supported £120
One end continuous {24
Both ends continuous {128
Slabs | Cantilever £10

MExpression applicable tor normalweight concrete and f; = 60.000 psi. For other

O ne W a y S | a b S can {weje d cases, min‘imum fi shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3, 0
beams. Because they are thin, control of s Approprate.
defledions is important, and minimum depths are 7.3.1.1.1 For f, other than 60,000 psi, the expressions in
specified, as is minimum reinforcement for Table 7.3.1.1 shall be multiplied by (0.4 + £/100,000).
shrinkage and crack contihen not in flexure
Reinforcement is commonly small diameter bars 7.3.1.1.2 ]_:or nopprcstrcssed slabs made of lightweight
and welded wire fabricMaximumspacing cF)ncrfete having w, in the range 0f9}] t}) [15 Ib/fi?, the expres-

. . - sions in Table 7.3.1.1 shall be multiplied by the greater of (a)
between bars is also specified &hrinkage and and (b):
crack control as five times the slab thickness not
exceeding 180. For r e (a)Ll65-0.005m o]

spacing the limit is three times the slab thickness ~ (®)1:09

not exceeding 180.

Shrinkage and temperature reinforcem@mid minimum for flexur@einforcement)

Minimum for slabs with grade 40 or 50 bars: r = % =0.002 or Asmin=0.00Dt

Minimum for slabs with grade 60 bars: r = % =0.00180or Asmin=0.0018bt
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Shear Behavior

Single-loop or

. A i
Horizontal shear stresses occur 1 J -
along with bendingtresses to cause |
tensile stresses where the concrete Vertical stirrups 1‘
cracks. Vertical reinforcement is E . ,
required to bridge the cracks whic ] J :

. Section A-A
are callecshear stirrups A

The maximum shear for desigw, is the value at a distance @from the face of the support.

Nominal Shear Strength

The shear force that can be resisted is the shear Stresss section are&, =71.32 b, d

The shear stress for beams (one way=2 A[fj sofV,= 2 \ffjh,d

where bw = the beam width the minimum width of the stem.
f = 0.75 for shear
& = modi fication factor for

Oneway joists are allowed an increase of 10%if\the joists are closely spaced.

f..d
Stirrups are necessary for strength (as well as crack cor\t’go#):A’ ¢ 8 f4 b,d(max)
s

where A, = area of all vertical legs of stirrup
fyt = yield strength of transvers reinforcement (stirrups)
s = spacing of stirrups
d = effective depth

For shear design:

V,¢rV, +X, £=0.75for shear

Spacing Requirements
Stirrups are required when,\6 greater thanj. A minimum is required because shear failure

of a beam without stirrups is sudden and brittle and becauswatigecan vary with respect to
the design values.
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Table 3-8 ACI Provisions for Shear Design*

V, V,
Vo< 3’—2—& Wo2Vy> ¢2= Vi > BV
- 0b,,s 0.75,/f_ b, s (W, —aVve)s
Required area of stirrups, Ay none greater c§ % and \E w v
f, f,, Oyt
At oA f.d
Required — smaller of Y™ ang_ vt ﬁ
sob,  075,f b, o 0V
Recommended
Minimumt — — 4in.
Stirrup spacing, s
— %0r24in. —g—or 24in.for (V, - 0V )< $4v/% bud
Maximumtt
(ACI9.7.6.22) d
Ior12in.for(\a'u —¢Vc)>¢ f bwd

*Members subjected to shear and flexure only; oV, = ¢2}~\/Ebwd ¢ = 0.75 (ACI 22.5.5.1)
"*Ay =2 X Ap, for U stirrups; f, < 60 ksi (ACI 20.2.2.4)

tA practical limit for minimum spacing is d/4

fttMaximum spacing based on minimum shear reinforcemen! (= A
must also be considered (ACI 9.6.3.3)

Jfe 150Dy, or Af, 10.75,[fb,)

vivt

Economical spacing of stirrups is considered to be greater than d/4. Common A f.d
spacings of d/4, d/3 and d/2 are used to determine the valtigs af which Vg = —
the spacings can be increased. S

This figure shows that the size of,¥rovided by \¢ + Vs (long dashes) exceeds/V in a step

wise function, while the spacing provided (short dashes) is at or less than the required s (limited
by the maximum allowed)(Note that the maximum shear permitted from the stirrups is

8/fih,d)

8 e s=dldor12"  s=d2or24" . Ava
! 505 o
o = 8ifcb,d
V &
. S e
spacing
| provided
I V = z-ff:: bwd
__'/ S required \
q T
h
face of : ired
— support stirrups require:

The minimum recommetred spacing for the first stirrup is 2 inches from the face of the support.
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Torsional Shear Reinforcement Closed stirrup

On occasion beam members will see twist along the _ ]
access caused by an eccentric shape supporting a Ic
like on an l-shaped spandrel (edgagam. The torsion Chdy

results in shearing stresses, and closed stirrups may

needed to resist the stress that the concrete cannot r
Fig. R11.6.3.6(b)—Definition of Agp

A, = shaded area

Development Length for Reinforcement

Because the design is based on the reinforcement attaining the yieldts&ress)forcement
needs to be properly bonded to the concrete for a finite lebgthgide3 soi t wonodt sl i p.
is referred to as the development length,Providing sufficient length to anchor bars that need

to reach the yield stress near thd eficonnections are also specified by hook lengiestailing
reinforcement is a tedious jol-he equations for development length must be modified if the

bar is epoxy coated or is cast with more than 12 in. of fresh concrete heBplides are also
necessary to extend the length of reinforcement that come in standard lengths. The equations are
splices arenot provided here.

Development Length in Tension

With the proper bar to bar spacing and cover, the common development length equations are:

dp f
#6bars and smaller: Iy = 5/b yf. or 12 in. minimum
d
db fy . ..
#7 bars and larger: lg = or 12 in. minimum
20/ [

Development Length in Compression
dp f
y

50

©.0003f, d, or 8 in. minimum

Hook Bends and Extensions

dy f
The minimum hook length iy, = c bY_ but not less than the larger af8and 6 in

o/
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