Lecture 4 — Flexural Members (cont.)

Determining the usable moment capacity, M,, of a rectangular reinforced concrete
beam is accomplished by using the formula below: (see Lect. 3)

f
M, = 0.9A,d(1 - {oss{%ﬂ)

c

Designing a beam using the equation above is much more difficult. Assuming the
material properties and dimensions are known, the equation above still has 2
unknown variables — As and pact. Therefore, design of steel reinforcement for a given
beam is largely one of trial-and-error.

Beam Design

Design of concrete beam members is often one of trial-and-error. It's

impossible to directly solve for all the variables in a reinforced concrete beam.

Usually, material properties are known as well as maximum applied factored

moment, Mmax. | L h

N }
The following Table is useful to get a “trial” beam size: | |

| ) A

Minimum Suggested Thickness “h” of Concrete Beams & One-Way Slabs
Member: End Conditions
Simply One end Both ends Cantilever
supported | continuous continuous
Solid one-way slab L/20 L/24 L/28 L/10
Beam L/16 L/18.5 L/21 L/8
Span length L = inches

Beams are usually rectangular having the width typically narrower than the
height. The diagram below shows typical beam aspect ratios:

b

;l

|4
|‘ '|

NOTE: Beam
cross-section
dimensions “b” and
“h” are USUALLY in
multiples of 2” or 4”
for ease of
formwork.

h~1.5b — 2.5b
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Beam Design Aid

It is still difficult to directly design a reinforced concrete beam even if
dimensions and material properties are known. The use of design aids are
commonly used to streamline the design process instead of laboriously using
a trial-and-error approach.

u

The design aid shown below is used for design or analysis. Values of ¢Il;/ld 5

are in units of PSI. It can be used to directly solve for p,ct knowing factored
actual moment M, f'c, fy, b and d.

Table 1 - Concrete f'c = 3000 PSI, Grade 60 Bars
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Table 2 — Concrete f’; = 4000 PSI, Grade 60 Bars
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Example 1
GIVEN: A rectangular concrete beam with dimensions is shown below (stirrup bars
not shown). Use concrete f'; = 4000 PSI and grade 60 bars.
REQUIRED:
1) Determine the usable moment capacity M, of the beam using formula.
2) Determine the usable moment capacity M, of the beam using Table 2.

| b=12"

<
<

v

d=18"

3-#7 bars

Step 1 — Determine usable moment capacity M, of the beam using formula:

Pact = m
_ 3(0.60in® _ per _bar)
12)(s")
pact = 00083

i
M, = 0.9A:f,d(1 - {0_59(/’ ft ! H)

C

- 0.9(1.80 in?)(60 KSI)(18")(1 - {0.59((0.0083)(60KS|)H)

4KSI
= 1621 KIP-IN

M, = 135 KIP-FT
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Step 2 - Determine the usable moment capacity M, of the beam using Table 2:

From Table 2 above:

At p =0.0083 —» M, _ 461.4PSI

d?
Solving for My:

My = 461.4 PSI(¢bd?)

= 461.4 PSI[(0.9)(12")(18")]
= 1,614,531 LB-IN
= 1615 KIP-IN

M, = 134.6 KIP-ET

NOTE: This answer is the same as in Step 1.
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Example 2
GIVEN: The concrete beam below. Use the following:

Concrete f. = 4000 PSI

Steel grade 60

Concrete cover = %’

#8 bars are to be used for main tension bars
#3 stirrups

REQUIRED: Design the rectangular beam such that h ~1.5b and pact  ¥2 (pPmax)-

VUL

A A

<«

28’-0”

A
\ 4

Step 1 — Determine maximum factored moment, Mmyay:

2
w, L

8

Mmax =

_ (2KLF)(28-0")°
8

Mmax = 196 KIP-FT
= 2352 KIP-IN

= 2,352,000 LB-IN
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Step 2 — Select values from Table 2:

a) Select pact = ¥2(pPmax)
= 14(0.0214)
TRY pact = 0.0107

b) Atp=0.0107 > ¢'Z|—“ = 581.2 PSI

d2

Step 3 — Solve for “b” and “d” by substituting Mmayx for M, in above equation:

MU

d2

= 581.2 PSI

where: My = Mmax = 2,352,000 LB-IN
$=0.9
d=1.5b

2352000Lb —in

—581.2PS|
(0.9)(b)(1.5b)?

Solve for “b”:

2352000

O _581.2PS|
(0.9)(2.25b°)

_, 2352000
1 (0.9)(2.25)(581.2)

b=126" »> Useb=12"

d b

15
1.5(12")

d~ 18"

Lecture 4 — Page 7 of 13



Step 4 — Select beam dimensions:

From above, use b=12"and d ~ 18”
#3 stirrup bar dia. = 3/8” #8 main bar dia. = 1"
h = d + conc. cover + stirrup bar dia. + 2(main bar dia.)
=18"+ %" + 3/8" + ¥5(17)
=19.625" —» Use h = 20"

Revised d = 20" — %’ — %" — %4(1”)
= 18.375"

Step 5 — Determine required area of main tension bars:

From above, pact = 0.0107 = A

bd

Solve for As:
As =0.0107(b)(d)
=0.0107(12")(18.375")
A, = 2.36in?

Step 6 — Determine number of #8 main tension bars:

A

Area _of one bar

No. of bars =

_ 2.36in’
0.79in® _ per _#8_bar

= 2.99 bars - USE 3 - #8 bars
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Step 7 — Check beam height with “Minimum Thickness of Beams” Table:

From Table:

Member type = Beam

h~ L

End Condition = Simply-supported 16
h = L
16

(28-0")(12"/ ft)
- 16

h ~ 21" which is approximately = 20" as designed

Step 8 — Check originally assumed beam weight:

It was assumed that the beam weight = 300 PLF (See Step 1).

Actual beam dimensions:

127 |

20”

v

Weight
Volume

Recall: UnitWt =

— Rearranging:

BeamWeight = (Unitwt)(Volume)

12" x20"
= (150 PCF)| ————— |(2-0"
( )(144in2/ ftzj( )

= <
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Step 9 — Draw “Summary Sketch” labeling all information necessary to build it:

12!!

y N

2 - #4 hanger
bars

#3 stirrup bars
@ 9” o.c.

20"

A 4

%" concrete cover %4
all around

3 - #8 main bars

Section A-A

Notes:
1) Concrete f'c = 4000 PSI normal-weight
2) All bars ASTM A615 Grade 60
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Example 3
GIVEN: A continuous 10” x 16” concrete beam is shown below. Assume the
following:

Concrete ' = 4000 PSI

Steel grade 60

Concrete cover = %’

2 - #9 bars are to be used for main tension bars
#3 stirrups

REQUIRED:
1) Determine the magnitude of the maximum positive and negative moments
(Refer to Structural Theory notes)
2) Determine if the beam is adequate based upon flexure only. Check positive &
negative moments.

w, = 2400 PLF (incl. beam wt.)

,llllHlllHHHHHHHHHHH

R; R, A A R
L =20-0" L =20-0" L =20-0"
p< p<

<

R4

— 2
Mpos = 0.08(wL?) Mpos = 0.08(wL?)

Mpos = 0.025(wL?) /_\
5 EOAL
0.4L | \A& O.SL\/ —>

B

X______

—> P >
Myeq = -0.1(WL?) Mpeg = -0.1(WL?)
R1=0.4wL
R, =1.1wL
Rs=1.1wL
R4 = 0.4wL
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Step 1 — Determine maximum positive and maximum negative moments:

a) Maximum positive moment, “Mpos”:

From above, the largest Myos = 0.08(wL?)
= 0.08(2.4 KLF)(20-0")?
= 76.8 Kip-Ft

b) Maximum negative moment, “Mpeq”:

From above, the largest Mpeg = -0.1(wL?)
=-0.1(2.4 KLF)(20-0”)?
= 96.0 Kip-Ft

Step 2 — Determine beam'’s “d” dimension:

Depth “d” to center of tension steel is shown below:

10"

P ;l
<«

| V|

2 - #4 hanger
bars

#3 stirrup bars
@ 97 o.c.

1 6”

A 4

3,” concrete cover 4

all around 2 - #9 main bars
Beam cross-section in Mpes region
(upside-down in Myeg region)
#3 stirrup bar dia. = 3/8” #9 main bar dia. =(§j

d = h - conc. cover - stirrup bar dia. - 2(main bar dia.)
” ” ” 9"
=16"-%"-3/8 -%(g)

d =14.3125"
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Step 3 — Determine usable moment capacity M, of the beam using formula:

Pact = ——

bd

_ 2(1.00in* _ per _bar)
(10")(14.3125")

pact = 0.01397 which is > pmin = 0.0033 and < pmax = 0.0214 OK

_ Pac
M. = 0.9A4f,d(1 - | 0.59 T )

c

= 0.9(2.00 in?)(60 KSI)(14.3125")(1 - [0.59( (0.01397)(60KSI )H)

4KSI

= 1354.6 KIP-IN

M, =112.9 KIP-FT

Step 4 — Check if beam is adequate based upon flexure only:

(— a) Maximum positive moment, “Mpos”:
A ~ From above, the largest Myos = 76.8 Kip-Ft < 112.9 Kip-Ft
- ACCEPTABLE
—
As J b) Maximum negative moment, "Mpeq':
From above, the largest Mpeg = -96.0 Kip-Ft < 112.9 Kip-Ft
~ ACCEPTABLE
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