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Reinforced Concrete Beams

Ultimate Strength Design
(ACI 318-14) — PART Il

Rectangular Beam Design — Method 1
Rectangular Beam Design — Method 2
Non-Rectangular Beam Analysis
T-Beams
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Rectangular Beam Design
Two approaches:

Method 1:
Data:

* Load and Span

* Material properties —f, f,

» All section dimensions: h and b
Required:

+ Steelarea — A,

Method 2:
Data:
* Load and Span
* Some section dimensions —h or b
* Material properties — f';, f,
* Choose p
Required:
+ Steel area — A
* Beam dimensions — b or h

b ?
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Rectangular Beam Design — Method 1

b
Data:
* Load and Span
* Material properties — f';, f,
+ All section dimensions — b and h h
Reqwred Ag ?
Steel area - A, o
1. Calculate the factored load and find factored
required moment, M, Wit AW )12
2. Find d = h — cover — stirrup — d,/2 M, = orwpu SVLL L)
3. Estimate moment arm z = jd, for beams j= 0.9
for slabs j = 0.95 "
4. Estimate A  based on estimate of jd. As = =
5. Use As to find a of(4-3)
6. Use ato find A (repeat...until 2% accuracy)
7. Choose bars for A, and check A; max & min
8. Check that € = 0.005 Asfy
9. Check M, = ¢ M, (final condition) ~ 0.85f/b
10. Design shear reinforcement (stirrups)
11. Check deflection, crack control, rebar Af, (d — E)
sly
development length 2
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One-way Slab Design
Method 1 SENEEEE. | oy ey o .|
ONE -WAY SLAD
Data: f'c = 3000 psi
+ Load and Span 18 fy = 60 ksi
* Material properties — f, f, LL = _ 230 psf
« All section dimensions: T DL = 150 pcf
+ h(based on deflection limit)y 777 77TT |
* b =typical 12" width PLAN VIEW
Required: A
<l
* Steelarea—A, Table 7.3.1.1—Mini hickness of solid nonpre-
stressed one-way(slabs)
. . . Support condition Minimum A!!!
First estimate the slab thickness, h. T Q/z D
. .. One end continuous €124
Try first the recommended minimum. -
Both ends continuous /28
. . Cantilever £/10
Deeper sections require less steel, but of
course more concrete.
T;ngmr_ss h, BASEY on PCFUiCTION
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One-way Slab Slab Design

- I T = :.
ONE -WAY SLAD
f'c = 3000 psi
18’ fy = 60 ksi
LL = 230 psf
L— DL = 150 pcf
Y
] —n
PLAN VIEW
1. Calculate the dead load and find FAeror, """"3 PCF
required M, L= (1603 = 1375 wF /e

LL éz.ww) 230 pF
Wy e | z(m{)n (p(zw) 533

-

2 2
HU:WWP 6’?3&?(!5):2,%},;-,@

P &
=299 TAR4ET
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One-way Slab Slab Design
-~ | T e —.
ONE -WAY SLAD
f'c = 3000 psi
18’ fy = 60 ksi
LL = 230 psf
. AT peroes
|
P . o(
e oo PLAN VIEW
1 /
2. Find d based on the estimated h . 3'—'#6 2"’7 h- - STIRvE ” ;:"‘"
and rebar size (guessing #4) PR | a4 0.2 ) ] covzs\

BeAm 209 d= l|‘3/4 = é(/z)

dell-1"= 10"
3. Estimate moment arm -
z=~0.95d Z%jp[% 0.9¢ (16" ) =
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One-way Slab Slab Design

4. Estimate A, based on estimate of z Mo 2 59 . e

5. Use A tofinda

6. Use ato find A (repeat...)

o:(so)(io -2

Ag =0,5040LF  wirum 27
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One-way Slab Slab Design
ClkoSf—- EIL&-S

e, ¥4
2,
7. Choose bars for A, required: vs! s —0’6_ Z g y
. 2%- s - G = ‘L ?s
either fee— 2" s7
choose bars and calculate spacing e
or (always round down)

choose spacing and find bar size
If the bar size changes, re-calculate to

find new d. Then, re-calculate A,...

/7t
ALTANATE Bk Max. S =18
- e -
0'906‘ ' Ab‘ Ab :0075 W\Z

e 18"s
e 1048 =6.19

Check A in
(for slabs A .,;, from ACI Table 7.6.1.1)

Ve VSE. K\%@ /&”0.5. Iy )
As = 0»‘)— yAA L\L/Fr ) Ov5o05 v

Table 7.6.1.1—A; i for nonprestressed one-way

slabs 3
Reinforcement
type Jy» psi Ay min .
Deformed bars | < 60,000 0.00204, CheCk As Im n /i
Deformed bars 0.0018 x 687000 ¢ - & i e "
A = = 12 |
or welded wire | > 60,000 Grz;ter ﬁ Qwﬁg AS LY ,O y 00 lo l/) 0 0015 ( >C' 5
; it A i z
reinforcement 000144, = o, 2 4 ‘bv- < o, §Z[p _~7_ Z pie
A
6@ .00 ‘/‘
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One-way Slab Slab Design

8. Check that ¢, > 0.005

STRAIH

o0

+ i

-+~
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A4 RhAErS—— .
RE-cALe & For As-o,& "/er

nl

/ —9‘;_0_,5540{,02-0.017901

1.384"
0.01759 > 0,005 “

P T'e;pt,;@u Cord TAGL LEI? /
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One-way Slab Slab Design

9. Check M, =6 M,
(final condition)

A, = A

s,used

M,=Tz

—

10. Add stirrups (no stirrups in slab)

11. Check deflection, crack control,
and rebar development length

University of Michigan, TCAUP

L
Ma= A6y (d- )
Ma = o.c«(w)(% w Ly
Moz 26 (5,917 = 220,85
A 2 oé,"r (ZZD.S)??E?“"’
Mo = 259" K 288 3"
My <M, v ex
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Rectangular Beam Design — Method 2

Data:
* Load and Span -
* Some section dimensions —_b’or_h_ .
* Material properties - f, f, —
Required:
+ Steel area )
« Beam dimensions —b and h M = (YoWpr + Yeewi)l
—— u -
8
1. Estimate the dead load (estimate h_and b) 4 p
v (L8<hsLi2T h=L/12andbh~12t02:3), _ ~2 _Paife | o~
find M, — "//WP— ;
2. Choose’p)(equation assumes ¢, = 0.0075) / Y
3. Calculate bd? / M,, oo
4. Choose b and solve for d (or d and solve b) bd? =
5. Revise h, weight, M, and bd2 - go@ty(l — 0. 59@(fy/fc))
6. Find A, = pbd
7. Choose bars for A, determine spacing and bd
cover, and re revise d d /D: L\
8. Check that g, > 0. 005 (if not, increase h and cf
reduce A,) _phy
9. Design shear reinforcement (stirrups) - ra= O.85f’
10. Check deflection, crack control, steel — ¢
development length
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Rectangular Beam Design
f'c = 3000 psi Lize®  Lizze®
Data: fy = 60 ksi ot l » l ,
+ Load and Span - 2 ° s e
DL + BEAT WEILHT L
- Material properties — ', f, B'_’_:@T;)ofeam - ' ) 2
Required: =X 26
quired: =
+ Steelarea- A,
* Beam dimensions—b andd
1. Estimate the dead load (self-weight), and Assorde hz-’ . eo”, 30" — )9
find M, ()= L/12 and b:h = 1:2 to 2:3) L=
Assomg bihe P2 0 bxI5 50
AC( BeAm pL = l_‘;/o 15’)'30 _ 44% PLF
Table 9.3.1.1—Minimum depth of nonprestressed
beams
TN
Support condition %ﬂimum i1
'% OSimplZ sup};oned C{j?l:s) & v’ ' Vl .
Both ends continuous 421 = I?é(é)(,o‘) + I'Z(Z'4ba' KLF)( 30/>
Cantilever /8 _— 8
e i sl e mod ek i 51,11 g 35 15 Ml = 320 + 3333 = 6533 K/
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Rectangular Beam Design

=20 LL=20R

f'c = 3000 psi
Data: fy = 60 ksi o o ,
+ Load and Span ° i Ie
- + VL + BEA WEILHT
»  Material properties — f, f, Ell_——_zz «if & beas ,% ,4,,
. =2x20k 20!
Required:
+ Steelarea- A,
* Beam dimensions-bandd
2. Choose p (equation assumes &; = 0.0075)
f' B
c 1 Choenl £, 5 33
0 0.85 = )
1000 085 r: "ﬂ";f" . 087(2) = 00l0
2000 085 1% ,4(4:2
—P 3000 — !
4000 0.85 {&
5000 0.8
6000 0.75
7000 0.7
8000 0.65
9000 0.65
10000 0.65
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Rectangular Beam Design cont.
M

laa( 2: = y P
3. Calculate bd? @?Fa (1-o 5‘);< %.))

L2 6533 (12)
_— = .9 (0, B : ¢o
0 ﬁ(%ol)éo [1-0 ﬁ(o/m( _3_)]

©
bd?= B . g49000
0573 (0:882) ~——_

Th\/ “ Rovwy

4. Choose b and solve for d b d hxlizd  Ac

(or d and solve for b) " " "

b is based on form size — matches column size ! ‘.J_ " ?lej " 38 /" 532'

h=~LA2, bh=12102:3 —>| 17 l4 36 94

|6 31,11 35 560
5. Revise h, weight, M, and bd?
I M Cloose 145 x 36
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Rectangular Beam Design cont.

5. Revise h, weight, M, and bd?

6. Find A, = pbd

University of Michigan, TCAUP

VSE. 145 x 36 As

- |50 540 =

Rewsz VL = 563 0F

44 ]—*

IZ(Z 530L bbbt K=

f’f

444 cm

Foro b= 15" J=32.9

]

£ b = (0{001)(!5‘”)(32‘5’)

4,8%m’
_

CILEC K V‘u
H\)’ 320 +

Revisz log
1 —

4]

As
As

1\
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Rectangular Beam Design

7. Choose bars for A, determine spacing
and cover, and revise d

Clovsg BARs (sec At A.4)

WY 5« ¥qBars  Ayz 0kt > 4.87ind

R4t snrep h= 26"
U
33,434
—_—
-//-
£ |
6 2.
2.5¢4
Covel,
If bars do not fit in one layer, d is N
measured to the centroid of the pattern.
X = LAX dx Ta‘le A.4 Areas of Groups of StandardBars (in.?)
Z’ A [ Number of Bars
. — . ; ‘ T -
Bar No. 4 ‘ % 8 o Tlo \ ol [ 3|
4 078 | 098 | 118 | 137 | 157 | 177 196 | 216 | 236 | 255 | 275
5 ‘ 123 | 153 | 184 | 215 1 245 | 276 | 307 | 337 | 368 | 399 | 430
6 177 | 221 | 265 | 309 | 353 | 398 | 442 |_a86 | 530 | 574 | 619
7 241 | 301 | 361 | 421 | 481 |54l [ 601 = 66l 722 182 | 842
8 314 L | 471 | _550 |_628 |T 707 | 785 | 864 | 943 \ 1021 | 11.00
—(T) 4, _DJ_QL} 700 | 800 | 900 | 1000 | 11.00 | 1200 | 1300 | 1400
10 633 | 759 | 886 | 1012 | 1139 | 1266 = 1392 | 1519 | 1645 | 17.72
11 625 | 781 | 937 | 1094 | 1250 | 1406 | 1562 | 17.19 | 1875 | 2031 | 2187
Jack C McCormac, 1978 14 9.00 | 1125 | 1350 | 1575 | 1800 | 2025 | 2250 \ 2475 | 27.00 | 29.25 | 31.50
Design of Reinforced Concrete, 18 16.00 | 2000 | 2400 | 2800 | 32.00 | 36.00 [ 4000 | 44.00 | 4800 | 5200 | 56.00
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Rectangular Beam Design

7. Choose bars for A; and determine
spacing and cover, recheck h and
weight

Make final check of M, using final d, and
check that M, < ¢M,,

8. Check that €, > 0.005 (if not, increase h

and reduce A,) ~

9. Design shear reinforcement (stirrups)
10. Check deflection, crack control, steel
development length

University of Michigan, TCAUP

p——1

) .s;?y'/

e dyfy (d- D)= et
Ma= 8854 k-7 = 737K
M =£‘?(737-.é) z 664 K

My=653.3 <e6d v ok

7.84%
2

)

_6_7_ _ 7.643" I
A v R 1A,
e-l: = d-c (o.m:})
< C
éf = 33,4;&' 91221 (0!003>
9.223 S

€, = 0.00787 » 0.005 VoK

Structures ||
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T Beams

Dimensional limits

Crr

2

Nomenclature

0

web or stem

Possible N.A. locations:
CoMmen

Within flange — rectangular

Within stem — non-rectangular

University of Michigan, TCAUP

[ stirrup

'

5.1

w
—

Ag

! 14
NA. e 7 74|
TIT ¢
4 ~ > i
=l T
B
(a)
N'A'r/_ _ _ e ﬁ_}'
!ZZ !Zl
(b)
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T Beams - Effective Flange Width, b,

Slab on one side:
b, least of either (t‘gtal width) or (overhang + stem) |
* Total width: 1/12 of the beam span |
* Overhang: 6 x slab thickness

e Overhang: % the clear distance to next beam

1/12 of span |

6 x slab depth
or
1/2 clear span

Slab on both sides:

b, least of either (total width) or (2 x overhang + stem)
¢ Total width: % of the beam span

* Overhang: 8 x slab thickness

¢ Overhang: % the clear distance to next beam (i.e. the web on center spacing)

v

&)

7
effective wi

8 x slab thickness
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Non-Rectangular Beam Analysis

Data:
* Section dimensions — b, b,, h, (span)

+ Steelarea- A, be
» Material properties - f, f, ~ | =

—t— P4
T .

Required:
+ Required Moment — M, (or load, or span)

PR

Find T = Af, and C = 0.85f

Set T = C and solve for T/(0.85 fc)

Draw and label diagrams for section and stress P — T
1. Determine b effective (for T-beams) " AL
2. Locate T and C (or C,;and C,) bw —

4. Determine the location'of a_ -

Working from the top down,

add up area to make A,

Find the moment arms (z) for each block of area
Find ML= Z,g-z-g -

Find M, = OM,,

CheCk As,min < As < As,max

Check that € > 0.005 v~

wn =

© N OO
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T Beam Analysis

«— effective width = 30" — L

. Determine the location of a
Working from the top down,
add up area to make A,
. Find the moment arms (z) for each block
of area
. Find M, =3 Cz

. Find M, = OM,,

University of Michigan, TCAUP
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Given:  f,=3000 psi 4"
f, =50 ksi A< T
dimensions. Use b = 30" 7L f f__AL
Req’d: Moment capacity, Mu .,
26 P
8#10
AsF(10.12 in%)
000 Y \
eoo0e
~—14"—>
1. Find T=Ad, and C =0.85(A,) T= As_rg - o1 50%s 506K
2. Set T = C and solve for A, = T/(0.85 f'c) K
— A = L2 20 - (95,4,
Pe = 0.55f. T 5.85 3% ‘___‘%
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T Beam Analysis (cont.)
‘ 30” ‘
T8 77 <1 <
— V 77 L :9 0,,
e eentepet <
4 31"_ TUTAL A—L
z% 232" FLANGE = 30 4" = 120 < 1984 - HNA 1 wre
198.4- 120 = 784" = 14"« 560"
XX a=4"+5.60" = 3.60"
o0 00
By PARTs (For €aew ArEA )
le— 14" —> s
- ”" 4" - 0 14
Z, = 30" /z = 28"
. Draw and label diagrams for section & stress £, = 30”- é/z 232"
1. Determine b effective (for T-beams) /9 , K
2. Locate T and C (or C,and C,) [ Acy 085 f, = 120(085)(3) = 306>

C,e Ano,g-fg’(_ = 8. 4(0 sﬂ(z)wqq 9

3o¢(za>+197 7(23 2y =
5568 + AL38=13 206
=110l K-FT

= PM, = j"l@row £ §9] l&=TT

f"{n ’-"ZC.‘Z

My
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T Beam Analysis (cont.)

< HE K G,T
Pmax = 0.75 Pbal ﬂ, c
= beta ¢, = 0.85 (19.07") = 16.21”

Apal =
R Scdi S ed
Acpy = (47) (307) +(12.217) (147) = 291 in?
’ €1 Ac <2 -
Cpa = (0.85) (3) (291) = 742~

e

max

Tusea = Ay = (1/(1).12) (50) = 506k < 556k ok

= < ;J/

ASyin = 200 (b, d) / f, = 200 (14) (30) / 50 000

Tax = 0.75 Cyy = (0.75) (742) = 5567

£
As . =168in2<10.12in2 ok ¢

m|n

University of Michigan, TCAUP
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p bal

)2

30,000 __ 60172

S 29x 10°

/ l-—effectlve width = 30" —-—|

I Ac,
442_
30"
26"
8 #10
10.12in.2)
0o 00 Y
000
<—14”—ﬁ
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