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Use three No. 7 bars (4, = 1.8 in.2 > 1.66 in.?)

Tension reinforcement Ay, in.2
Grade 60, PCA Three No. 9 3.0 in.2
Grade 100, CS Three No. 7 1.8 in.2

4. Check minimum required reinforcement.
For f.' = 4000 psi, the governing requirement is

A, = @bwd __ 200 x10x19=0.38 in.” < A4, provided=1.8in” QK
v f) 100,000 )

5. Check distribution of reinforcement.

/\/

«—41—— No.4stimup

3No.7

I 1.5in.

A
A\

b=10in.

Maximum spacing allowed by ACI 318

5= 95 < 12[4—9]
7, /

s s

c.=15+05=2.0in.
Use f, = 0.67f, = 67 ksi

s = @—2.506 = @—2.5 % 2.0 =3.96 in. (governs)
f 67

s

s=12| 20 =12(@j=7.16in.
f 67

Spacing provided = (1/2)(10 — 2([1.5 + 0.5 + 7/16]) = 2.56 in. <3.96 in. OK

The total area of flexural reinforcement provided by this design is 1.8 in.? The original design in PCA Notes, which uses
Grade 60 steel, uses 3.0 in.? of reinforcing steel. This represents a 40 percent reduction of the required flexural reinforcement.
Flanged sections provide a wide compression block compared with rectangular sections. The wide flange provides adequate
compression force to balance the tension force provided by the CS without the need for additional compression reinforcement.

aci® This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/142619239/ACI-439.6R?src=spdf

USE OF ASTM A1035/A1035M TYPE CS GRADE 100 (690) STEEL BARS FOR STRUCTURAL CONCRETE (ACI 439.6R-19) 51

Example 4.6—Design of flanged section with tension reinforcement only

Similar to Example 7.5 in PCA Notes, this example illustrates the design procedure for flanged beams reinforced with CS
with a neutral axis that lies in the beam web. Select reinforcement for the flanged section shown to carry a factored moment of
M, =400 ft-kip.

Use f,' = 4000 psi and f;, = 100,000 psi.

Calculations and discussion
(a) Determine required reinforcement.
1. Determine the depth of equivalent stress block, a, as for a rectangular section.
Assume tension-controlled section, ¢ = 0.9
M, = $0.85f.'ab,(d — a/2)
400 x 12=0.9 x 0.85 x4 x a x 30 x (19 — a/2)
45.9a% — 1744.2a + 4800 =0

a=298in.>2.5in.

Because the value of @ as a rectangular section exceeds the flange thickness, the equivalent stress block extends into the web,
and the design should be based on T-section behavior. (Refer to Example 4.5 when a is less than the flange depth.)

2. Compute required reinforcement Ay and nominal moment strength My corresponding to the overhanging beam flange in
compression.

Compressive strength of flange

Cr=0.85f(b— b,,)hy=0.85 x 4 x (30 — 10) x 2.5 =170 kip
Required A, to equilibrate Cr

Ay= C{lf,=170/100 = 1.70 in.?

Nominal moment strength of flange
h, — :
M, =A4,f, d——2 =1.70x100% (19—-1.25) = 3018 in.-kip = 252 ft-kip

)

3. Required nominal moment strength carried by beam web.
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M,,, =M, /o — M,,=400/0.9 — 252 = 193 ft-kip
4. Compute reinforcement A, required to develop moment strength to be carried by the web.
M, =0.85f'a,b,(d— a,/2)
193 x 12=0.85 x4 x @, x 10 x (19 — a,/2)
17a,> — 646a,, + 2316 =0
a,=4.011in.>h/=2.5in.
5. Check to see if section is tension-controlled.

¢w=a,/B1 =4.01/0.85=4.72 in.

g, = (d_c”’ ](0.003) = (wj(o.om) =0.0091> 0.009
c 4,72

w

Therefore, the section is tension-controlled and ¢ = 0.9
(Refer to Section 4.4 of this guide.)

_0.85f%a,b, 0.85x4x4.01x10

cTwow

o f, 100

A =1.36in’

6. Total reinforcement required to carry factored moment M, = 400 fi-kip.

Ag=Ay+ Ay, =170+ 1.36 =3.06 in.2

Axf Agp
Grade 60, PCA (5.10 in.?) 2.83 in.? 2.27 in?
Grade 100, CS (3.06 in.?) 1.70 in.? 1.36 in.?

7. Check moment capacity.

h
0M, = q)[AS/f.v {d—é} A1, [d— "2 D - 0.9(1.70>< 100[19—%}r 1.36x 100{19__4';1}]

= 4796 in.-kip = 400 fkip OK

(b) Select reinforcement to satisfy crack control criteria.
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/\/

No. 4 stirrup

3No.9

e_o ¢

I 15in.

122

A

Y

b=10in.
Use three No. 9 bars (4, = 3.0 in.2, 2 percent less than required, assumed sufficient)
Maximum spacing allowed by ACI 318

c.=15+05=2.01in.

Use f; = 0.67, f, = 67 ksi

600 600 .
§=——-2.5¢, =———2.5%2.0=3.96 in. (governs)
f. 67

s=12| 20 =12(@j=7.16 in.
1 67

Spacing provided = (1/2)(10 — 2[1.5 + 0.5 + 9/16]) = 2.44 in. < 3.96 in. OK

The total area of flexural reinforcement provided in this design is 3.0 in.?> The original design in PCA Notes, which uses
Grade 60 steel, uses 5.0 in.? of reinforcing steel. This represents a 40 percent reduction of the required flexural reinforcement.

For members exhibiting T-beam behavior at nominal strength, reduce the required flexural reinforcement by using CS with a
suitable design approach.

Example 4.6 (SlI)—Design of flanged section with tension reinforcement only (Sl units)
This example is identical to Example 4.6 but presented in SI units. Select reinforcement for the flanged section shown, to
carry a factored moment of M, = 542.4 kN-m. Use f." = 27.6 MPa, and f, = 690 MPa.

| 762 mm

d; =483 mm

o—o—©

| 254 mm |
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Calculations and discussion
(a) Determine required reinforcement.
1. Determine the depth of equivalent stress block, a, as for a rectangular section.
Assume tension-controlled section, ¢ = 0.9
M, = $0.85f. ab,(d — a/2)
542.4 x 1000 =0.9 x 0.85 x 27.6 x a x 0.762 x (483 — a/2)
8.04a*> —7770a + 542,400 =0

a=75.8 mm > 64 mm

Because the value of @ as a rectangular section exceeds the flange thickness, the equivalent stress block extends into the web,
and the design should be based on T-section behavior. (Refer to Example 4.5 when a is less than the flange depth.)

2. Compute required reinforcement Ay and nominal moment strength My corresponding to the overhanging beam flange in
compression.

Compressive strength of flange

Cr=0.85£(b— b,)hy=0.85 x 27.6 x (762 — 254) x 64 =762,730 N
Required 4, to equilibrate C,

A= C/lf,=762,730/690 = 1105 mm?

Nominal moment strength of flange

h
M, =A4,f, (dt —7’) =1105%690x (483 —-32) = 343,865,000 N-mm = 343.9 kN-m

3. Required nominal moment strength carried by beam web.
M,,, = M, /o — M= 542.4/0.9 — 343.9 = 258.8 kN-m
4. Compute reinforcement Ay, required to develop moment strength to be carried by the web.
M,,, = 0.85fa,b,(d - a,/2)
258.8 x 1000 = 0.85 x 27.6 X a,, x 0.254 x (483 — a,/2)
2.98a,’ - 966a,, + 86,846 = 0
a,, =100 mm > s,= 64 mm
5. Check to see if section is tension-controlled.

¢y = a,/p; = 100/0.85 = 118 mm

g, = (d S ](0.003) = (%j(o.oog =0.0093 > 0.009
C

w

Therefore, the section is tension-controlled and ¢ = 0.9
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(Refer to Section 4.4 of this guide.)

_0.85f%,b, 0.85x27.6x100x 254

cwow

A =864 mm’

7, 690

6. Total reinforcement required to carry factored moment M, = 542.4 kN-m.
A;=Ag+ Ay, = 1105 + 864 = 1969 mm?

7. Check moment capacity.

h
oM, = ¢[A~\:/fy {d - gf} +4,f, [d - %D = 0.9(1 105 x 690[483 - %} +864 % 690[483 - %D
= 541,802,000 N-mm = 542 kN'm OK

(b) Select reinforcement to satisfy crack control criteria.

/\/

15M

(330 M stirrup

A
Y

b =254 mm

Use three 30M bars (4, = 2100 mm?® > 1969 mm? required).

Maximum spacing allowed by ACI 318M

s = 380[@}2.5% < 300(@J
7 /.

K s

c. =38+ 16 =54 mm
Use f; = 0.67 f, = 462 MPa

106,400 106,400
8§ = =

-2.5¢, =

—2.5%54 =95 mm (governs)

K

s =300 232 =300(@j=182 mm
f 462

K

Spacing provided = (1/2)(254 — 2[38 + 16 +29.9/2]) = 58§ mm <95 mm OK
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The total area of flexural reinforcement provided in this design is 1969 mm?. The original design in the PCA Notes, which
uses Grade 420 steel, uses 3226 mm? of reinforcing steel. This represents a 39 percent reduction of the required flexural rein-
forcement. For members exhibiting T-beam behavior at nominal strength, reduce the required flexural reinforcement by using
CS with a suitable design approach.
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Example 6.2—Design of one-way joist

Similar to Example 7.6 in PCA Notes, this example illustrates the design procedure for continuous one-way joist systems
reinforced with CS. Determine the required depth and reinforcement for the one-way joist system shown in the following. The
joists are 6 in. wide and are spaced 36 in. on center. The slab is 3.5 in. thick. Use .’ = 4000 psi and £, = 100,000 psi.

Service DL = 130 Ib/ft?> (assumed total for joists and beams plus superimposed dead loads)
Service LL = 60 Ib/ft?

Width of spandrel beam = 20 in., width of interior beams = 36 in.

Columns: interior = 18 x 18 in., exterior = 16 x 16 in.

Story height (typ.) =13 ft

5@ 30 ft =150 ft |
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Sym. about CL

Section A-A

Calculations and discussion
(a) Compute the factored moments at the faces of the supports and determine the depth of the joists.

w, = [(1.2 X 0.13) + (1.6 x 0.06)] x 3 =0.756 ft-kip

Using the approximate coefficients, the following table summarizes the factored moments along the span.

Location ‘ M,, ft-kip
End span
Exterior negative w224 =0.756 x 27.5%/24 =23.8
Positive wul,2/14 = 0.756 x 27.5%/14 = 40.8
Interior negative w210 =0.756 x 27.25%/10 = 56.1
Interior span
Positive w2116 = 0.756 x 27%/16 = 34.4
Negative w,l,2/11 =0.756 x 27%/11 = 50.1

For reasonable deflection control, choose a reinforcement ratio p equal to approximately one-half p;.
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p:=0.002125,f' = 0.002125 x 0.85 x 4 =0.00723
(Refer to Table 4.3.4 of this guide.)
Set p=10.5x0.00723 = 0.00362

Determine the required depth of the joist based on M, = 56.1 ft-kip

o P _ 0.00362x100
1 4

=0.0905

From Table 7-1 in the PCA Notes, M, /¢f.'bd> = 0.0855

M, 56.1x12 .
d= L = =19.11n.
&f.b, (0.0855) 0.9x4x6x0.0855

Allowing 1.25 in. for concrete cover and half bar diameter, then # =~ 19.1 + 1.25 =20.4 in.
To satisfy the requirements for joist construction in ACI 318, 4,,,, =3.5 x b,,=3.5 x 6 =21 in.

These calculations indicate a 21 in. joist depth is adequate. ACI 318, however, indicates a minimum thickness of (£/18.5) x
(0.4 + £,/100,000) = 27 in., unless deflections are computed. This is applicable only to “members in one-way construction not
supporting or attached to partitions or other construction likely to be damaged by large deflections.” Otherwise, deflections
must be computed.

For purposes of illustration, compute the required reinforcement for a 21 in. deep joist without considering deflection further.
Assume d =21 in. — 1.25 in. = 19.75 in.

(b) Compute required reinforcement.
1. End span, exterior negative.

M, 23.8x12 00339
of’bd>  0.9x4x6x19.75*

From Table 7-1 in PCA Notes, » = 0.0346

[ Obd f7_0.0346%6x19.75x 4

v =0.16 in?
O 100

For f." = 4000 psi, use

_200b,d  200x6x19.75

[ in = =0.24 in* >0.16 in’
’ / 100,000

Use 4,=0.24 in.?
Distribute bars uniformly in top of slab
Ay =0.24/3 = 0.08 in.%/ft

Maximum spacing allowed by ACI 318

s = @—2.5@ < IZ(EJ
/, /,

K K
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Assuming No. 3 bars
c.=h—-d-3/16=21-19.75-3/16= 1.1 in.
Use f, = 0.67f, = 67 ksi

s = @—2.5(:‘_ = @—2.5 x1.1=6.21 in. (governs)
f. 67

Js

s=12 ﬂ = l2(ﬂj =7.16 in.
7 67

Use No. 3 at 6 in. (4, = 0.22 in.%/ft). 4, =6 x 0.11 in.2 = 0.66 in.? in 36 in. for each joist.
(PCA Notes: use No. 3 at 10 in.?)
Check if the joist is tension-controlled

A .
— = _ 066 =0.0056 <p, =0.00723 OK

P b d” 6x19.75

2. End span, positive.

M, 408xI2

u

of bd>  0.9x4x36x19.75

=0.0097

From Table 7-1 in PCA Notes, ® = 0.01

@byl 0.01x36x19.75x4

\, =0.28 in.”
o 100

Check rectangular section behavior

L AS_ 028x100
0.85/5  0.85x4x36

=022<3.5in. OK

Use one No. 5 bar (4, = 0.31 in.?) (PCA Notes: use two No. 5 bars)
3. End span, interior negative.

M, _  S61x12 oo
£/bd® T 09x4%x6%x19.75°

From Table 7-1 in PCA Notes, ® = 0.084

4 = wbd 1! 0.084x6x19.75x4

! =0.40 in.?
1, 100

Distribute bars uniformly in top of slab

Ay=0.40/3 =0.13 in.?/ft
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