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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
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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
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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
Required: Ag ?
+ Steelarea-A, =
1. Calculate the factored load and find factored
required moment, M, 2
2. Find d = h — cover — stirrup — d,/2 M, = orwpu anWLL)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
development length

My, = Asf, (4 -3)
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One-way Slab Design
Method 1 T ma e — .|
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: 2 DL = 150 pcf
* h (based on deflection limit) ot e |
* b =typical 12" width PLAN VIEW

Required:

+ Steel area — A
First estimate the slab thickness, h.
Try first the recommended minimum.

Deeper sections require less steel, but of
course more concrete.
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Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum A!!!
Simply supported /20
One end continuous €124
Both ends continuous /28
Cantilever £/10

TiekNEss | h, BASED ol PLFLZCTION
s 1&g x 12 ;
h* V%o = 8% - 16.8" uss I

20
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One-way Slab Slab Design

1. Calculate the dead load and find
required M,

Y S e :.
ONE -WAY SLAD
f'c = 3000 psi
18’ fy = 60 ksi
LL = 230 psf
L—L— DL = 150 pcf
. A S
.
PLAN VIEW
FAeror, Lopg

PL= _’”z” (150) - 137.5 wr
LL (awven) = 230 rF
wy e 11201325 Dilo(2se) = 533

2 B
Mo wo £ ] 6’?3&?(!5):2,%},;-,@

8 &
z 7 7% "a g
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One-way Slab Slab Design
Y S arv e —.
ONE -WAY SLAD
f'c = 3000 psi
18’ fy = 60 ksi
LL = 230 psf
L—-L- DL = 150 pcf
L SEE N e
—.
PLAN VIEW

2. Find d based on the estimated h
and rebar size (quessing #4)

3. Estimate moment arm
z=0.95d
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FDKJ"«'vo.%" 5 Jd= - coven - % BiR
d= 1'% - % ()
dell-1"= 10"

Z ~ jp[ x 095 (10" ) = 9.5"
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One-way Slab Slab Design

4. Estimate A, based on estimate of z
5. Use A tofinda

6. Use ato find A (repeat...)
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TRl | N S") ool
v z . -
. z y = 0,504
As ¢ %(?.3 0.9(60ox)(a.5) "
As £ 0.505 (£0) v
- T = 0, Qt)
9% ie T se(n(n)
TR 2
Moy A%
ey mma BN -
As $55d-3) eaeox(e-)
Ag =0,5040LF  wirmm 27
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One-way Slab Slab Design

7. Choose bars for A, required:

either
choose bars and calculate spacing

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

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

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

Table 7.6.1.1—A; i for nonprestressed one-way

CU@OS [ 3] LKS

Vo 1M4 ’5‘4
o, Sl "
____E%f ' Zrt, ¢=4.15
12 S

v, vee A"e.c. (always round down)
be = 0.00W e >0.505

ALTEANATE Ber Max. S =187

0.505 . A Ap = 0 W2
e 18"
% 26,19
Y USE. *\'5@ 1" 0. c.

As = 9»‘)— yAA L\L/Fr ) Ov5o05 /

slabs
Reinforcement
type Jy» psi Ay min .
Deformed bars | < 60,000 0.00204, CheCk As Imln
Deformed bars 0.0018x 60,000 A ¢ - & e "
> = = 121

or welded wire | > 60,000 Grz;ter ﬁ L S mit O . 00 lo l/) L\ O 0015 ( )C 5

reinforcement . z
0.00144, = 0.24 W ¢ 0w VvV ook
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One-way Slab Slab Design

8. Check that ¢, > 0.005
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Re-cALe & For As= Otfe’:‘}/ﬁ’
Agf = 0-6(40\ - "
4= aﬁb 085 (3)02Y h136
= é"- -'-‘—,29 - ’szg"l/(
SR, 085
€, = ol=¢ ooes
-
= m0ﬁ03’0.0I7‘§°[
1,384"

0,01759 » 0,005
oy Ti;pt,;w Ceord TAGL LEI? \/
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One-way Slab Slab Design

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

As = As,used
M,=Tz

10. Add stirrups (no stirrups in slab)

11. Check deflection, crack control,
and rebar development length
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Ma= 4,6 (- )

Mn-o,c«(w M- L
My= 36 (&.917) = 320,
Atnz 09 (2208 = 268.3""

K=

Mo = 259 K" € 2883+
Mo <My v ox
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Rectangular Beam Design — Method 2

Data:
* Load and Span
» Some section dimensions —b or h
* Material properties — ', f,
Required:
+ Steel area - A,
* Beam dimensions —b and h

(YoLWpr + Yiawr )12

M, =

8
1. Estimate the dead load (estimate h and b)
(L/8<h<L/21, h=L/12 and b:h = 1:2 to 2:3), p1ife
find M, T Af
2. Choose p (equation assumes ¢, = 0.0075) Y
3. Calculate bd? M
4. Choose b and solve for d (or d and solve b) bd? = u
5. Revise h, weight, M,,, and bd? <ppfy(1 — O.59p(fy/fc'))
6. Find A = pbd
7. Choose bars for A, determine spacing and = pbd
cover, and revise d
8. Check that ¢, > 0.005 (if not, increase h and
reduce A,) _phd
9. Design shear reinforcement (stirrups) - 0.85fc'
10. Check deflection, crack control, steel
development length
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Rectangular Beam Design
f'c = 3000 psi szo™  LLzget
Data: fy = 60 ksi ot l » l -
+ Load and Span ‘ =
+  Material properties — f, f, EI'_':ZZJ:I;J fe“m EL i ) ;,L,
Required: 28
+ Steelarea- A,
* Beam dimensions—b andd
1. Estimate the dead load (self-weight), and Assoric “zTLE . 3ee”, 20"
find M, (h = L/12 and b:h = 1:2 to 2:3) a3 i
A’:SUML bihe P2 ) bxig
BeAr pL = IS0 15%30 _ A/ qpr
Table 9.3.1.1—Minimum depth of nonprestressed |44
beams
Support condition Minimum /1 EsTIMATE M, /p
Simply supported £/16 W
One end continuous 185 Mo = Fa t & .2
Both ends continuous o1 R é(w)éw‘) + I 'Z(Z'%ﬁ KLF)( 30 )
Cantilever /8 8
G i sl i i s 911 g B = 3Lo + 3333 = 6533 K7/
as appropriate.
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Rectangular Beam Design

f'c = 3000 psi tszo®  LLs2en
Data: fY = 60 ksi (6! 10! !
+ Load and Span ° Y L
- . VL + BEAA EILHT
»  Material properties — ., f, Ell::'zzl(';o Eeam ,% . ' ) ,é,
Required: 2o
+ Steelarea- A,
+ Beam dimensions-b andd
2. Choose p (equation assumes &; = 0.0075)
f B
c 1 Choont
0 0.85 - L
1000 0.85 - ﬁ'—f——:ﬁﬂ_@l = O.ol0o
' f A
2000  0.85 1% 4(
3000 0.85
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.
b ®: o =
3. Calculate bd?2 T Fa (1-o 59 p ( (%‘C))
T 53,3 (12)

4. Choose b and solve for d

(or d and solve for b)
b is based on form size — matches column size
h=L/12,b:h=1:2t02:3

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

d= 0.9©@01)60 [l - o'ﬁ<°'°'5(§3—o)]

]
bdl= 1220 . su97.3
0573 (0:682)
TAY
b d xlizd A
14" .27 38" 532
15" 314" 36 54 0
16" z,1” 35" 560
CloesE 16 x 36
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Rectangular Beam Design cont.

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

6. Find A, = pbd

VSE. 145 x 36
Rewse L = 150 840 = su3nE
144
CUECK V‘u
Mo= g20 4 12(25280 365, 44q v
Revisz log
toz;l’l_= éééc’ZB—]‘;g,b{ r 3
0.50%
Foro bz 15" d=32.5"

As
As
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Rectangular Beam Design Clocs BArs (sez Thtc A.4)
7. Choose bars for A,, determine spacing ™Y 5 &? Bars A.z 5,0 L% > 4.87 in?

and cover, and revise d

STIRROP

/’M <TIRRUP

Sv Su '—*A:'_' o5
——e
= os
J s de|2.5c4
Cover, L “ ”
v T
s lLs
. . 7 5
If bars do not fit in one layer, d is b=15"
measured to the centroid of the pattern.
X = LAX dx Ta‘le A.4 Areas of Groups of StandardBars (in.?)
XA [ * Number of Bars
BarNo. =~ 2 3 ] 4 T8 o [0 [T [i2 [ 3 [ 14
4 (039 | 058 [ 078 098 i 118 137 | 157 | 177 '1‘96 [ 216 | 236 | 255 | 275
5 061 | 091 | 123 | 153 | 184 | 215 1 245 | 276 | 307 | 337 | 368 | 399 | 430
6 088 | 132 | 177 | 221 | 265 | 309 | 353 398 | 442‘ _486 | _530 574 |_619
7 1.20 180 | 241 | 301 | 361 | 421 | 481 |_541 | 601 661 | 122 | 182 | 842
8 1.57 235 | 314 471 | 550 |_628 |~ 707 | T 785 | 864 | 943 | 1021 | 1100
— 9 200 | 300 | 400 J_QL’ 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1400
10 | 253 379 506 | 633 | 759 | 886 | 1042 | 1139 | 1266 = 1392 | 1519 | 1645 | 17.72
11 312 | 468 | 625 | 781 | 937 | 1094 | 1250 | 1406 | 1562  17.19 | 1875 | 2031 | 2187
Jack C McCormac, 1978 14 4.50 6.75 9.00 | 1125 | 13.50 | 1575 | 18.00 \ 2025 | 22.50 \ 2475 | 2700 | 2925 | 31.50
Design of Reinforced Concrete, 18 |_800 | 1200 | 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
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A=l A~ = Q41 2 RAA" — 22 ARK!
U =11 UGe = JU =.JUT = VI I
/]
=23.43."
As §. y (6o "
2 3. 200 | g0

Tl L .850)I5
M= s (d-2) = 5o\ (334% -
Ma= 8854 k-7 = 7338k
My = 0.9(132.8) = 664
Mo =053.3 <eed ok

7.84%
2

d 7.84 Y )
c=p = O.gf = %227
: c-c (0.003)
t C
€ = 33,436 - 12T (0,003)
.223
€, = 0,00787 » 0.005 Vok
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