Architecture 324
Structures Il

Reinforced Concrete Beams

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

Rectangular Beam Design — Method |
Rectangular Beam Design — Method I
“T” Beams

Reinforcement Detailing
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Rectangular Beam Design
Two approaches:

Method 1:
Data:
« Load and Span -
- Material properties — f,, f, *~
« All section dimensions: handb <~
Required:
e Steel area - _ﬁs_
Method 2:
Data:
* Load and Span
. Some section dimensions —horb ?
* Material properties — f, f, v~
+ Choose p = As
Required: o

« Steelarea - A, ')
« Beam dimensions — b or h
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Rectangular Beam Design — Method 1

Data:
* Load and Span ~

* Material properties —f';, f, —

(sHesR)

5ﬂﬁ«uf49ﬁ4,_ ’] 4

_ (YoLwpr + Yuwr)l?

« All section dimensions —b and h h - 1 s
Required:
+ Steel area- A o
— (= -1
1. Calculate the factored load and find factored
required moment, M,
2. Fin ‘h cover — stirrup — dy/2 M, =
3. Estimate moment arm z = jd, for beams j ~ 0.9
for slabs | ~ 0.95 - T
4. Estimate A, based on estimate of jd.
5. Use Astofind a
6. Use atofind A (repeat...until 2% accuracy)
7. Choose bars for A; and check A; max & min v
8. Check that & > 0.005 TENSIon
9. Check M, = ¢ M,, (final condition)

10. Design shear reinforcement (stirrups) iz,
11. Check deflection, crack control, rebar

S HEAL
s o

development length
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One-way Slab Design
MethOd 1 A‘f—s-IA-b —————— .|
Data: f'c=3000 psi [

. Load and Span 18 fy =60 ksi ~

« Material properties -, f, A | LL :_230 pst 1

. All section dimensions: %(" DL = 150 pcf

. h (based on deflection limit) e ———— -

« b =typical 12" width PLAN VIEW

Required:
+ Steel area— A,

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

First estimate the slab thickness, h. v

Support condition Minimum A!"!
Simply supported £/20

One end continuous

Try first the recommended minimum.

/24 /

Both ends continuous

Cantilever

Deeper sections require less steel, but of
course more concrete.

ThiekNzs s, h, BASED oW PLFLLCTION
18 »12
20

l\=%o =
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One-way Slab Slab Design

ONE -WAY SLAB
f'c = 3000 psi
18’ fy = 60 ksi
- LL =230 pSf\
L—L— DL = 150 pcf
— TR, v ] Ve iﬁJ

PLAN VIEW

1. Calculate the dead load and find FActer w;&?s
required M, pL= ’,l';f (1503 = 1375 rer
LL (aven) = Zzozsﬁ
2 — Y
wy e L2135 DH.6(2%¢0) = 573 psF Br 1T
v a,( ) 2)( )= 533 or )

2= . 221 587X

_.\@-K L_&/ lese
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One-way Slab Slab Design

J
|
l

ONE -WAY SLAD

f'c = 3000 psi
18’ fy = 60 ksi
LL = 230 psf

L—-L- DL = 150 pcf
RN  Scvimeiominmimnieri i -

PLAN VIEW

2. Find d based on the estimated h % oa5  J= - - e
and rebar size (guessing #4) FoRs jresy de coves .

. y d=1-3% - %%
J-lc?. ~ 4/3:}2 ’___ %/;L__)

dzll-1z 10
3. Estimate moment arm
Z~095d z/x,jf‘l%oﬁ,‘;(la")= 9.5"
0 -
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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...)

University of Michigan, TCAUP

A Mo ) '
574 fy (2) i OW
Asfy  0E(O) ) g

4% olb aE((n)

Structures Il

TRM'L ‘ 0 =18

Y = 0,505 "

AT 45(-T)  aaGoye- L
Ag = 0. 504617

/

W THS 270
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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 Aq 1in
(for slabs A, ., from ACI Table 7.6.1.1)

Table 7.6.1.1—A; i for nonprestressed one-way
slabs

Reinforcement
type S psi Asmin

Deformed bars | < 60,000 |————2> 0.00204, /

,”5 T
Deformed bars i 0.0018x 60,900 4
or welded wire( | > 60,00B r:; LA fldoocot,

inf "
reinforcemen N 0.00144,

University of Michigan, TCAUP
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CMeoss. B,LArs

DLSTEEN Eﬂ_\‘r_/i
o, .2 “
_.%.: | ._0__.—- sz A.?S
12 s? _
~

v, vee A"e.c. (always round down)
A, =i;-(_ogin‘/rr >o.605

Ixo.2

ALTIANATE Eer Max. S =187
0.505 | Mpv Ap =075 e
e— R

’é& =0, 17

1z 18"
[

Y USE. *\'5@ 1" 0. c.
© A= 00528 Lk > ouses

Check As min
Ag
L0150 n")
o ¢

As wiv = 0,008 L =
n VoK~

= 0.24 0,526t

z
~

Slide 8 of 16




One-way Slab Slab Design

8. Checkthat g, > 0.005

- 2 ey mt
KE i::? £235ﬁ§(éiga-.4w
' = > = = . = |, ':
2= ST w;ﬂﬁ
2 NI 3
¢ ;Q."‘m:o.ge"'zg
dv _ol-c 0,003 _

Kol

SHRAW
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One-way Slab Slab Design

9. Check M, =¢ M,
(final condition)

As = As,used
M,=Tz

10. Add stirrups (no stirrups in slab)

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

University of Michigan, TCAUP

ar dofy (-3

Ma = 0ite(60)( 77 = LEe

Maz 36 (2,917 = 320,87

dides 4 (220.8) = 288.3""

Mo = Z?‘? ' g 2883 " v
Mo <My v ex
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Rectangular Beam Design — Method 2

Data:
* Load and Span v -
» Some section dimensions—borh
* Material properties — f';, f, -
Required: _
+ Steel area - A, K4

(YoLWpr + Yiawr )12

+ Beam dlmenS|ons b andh M. =
u 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), B.fe
find M, 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.59_g(fy/fc'))
6. Find A = pbd
7. Choose bars for A, determine spacing and = pbd
cover, and revise d T
8. Check that g, > 0.005 (if not, increase h and f
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 o qwzet uzzet
Data: fy = 60 ksi ('/.— . J/
« Load and Span — T igﬁ;?ag g de 30"
« Material properties —f, f, Et:zzl";afeam A = ,4,,

Required:
« Steelarea-A/Z

« Beam dimensions — b and d
7’

1. Estimate the dead load (self-weight), and
find M, (h ~ L/12 and b:h ~ 1:2 to 2:3)

Table 9.3.1.1—Minimum depth of nonprestressed

beams
Support condition Minimum h‘l;I )
Simply supported /16
One end continuous €/18.5
Both ends continuous 1/21
Cantilever /8

MExpressions applicable for normalweight concrete and £, = 60,000 psi. For other
cases, minimum # shall be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3,
as appropriate.

2. Choose p (equation assumes €&, = 0.0075)
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Assode W = <7
Assomg b h © l b"&lf"

BeAr pL = leo- 44,9 nf

|44

EsTiMATE M,
e
My = Fa L

= e 6(2070 D+
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Rectangular Beam Design cont.

3. Calculate bd?

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=1:2to 2:3

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

University of Michigan, TCAUP

Structures Il

. Mo
bd © - ‘ﬁo% (;-aﬁ‘M,(‘%;))

L2 éj\_! ©53.3 (12)

- o.ol(%ﬁ)éoﬂ[ |- o.ﬁ@ﬁ;)(%")]

b2z T840 r497 .3

THY

7 b- d hmned A

~ 14" 21’ 38t 532
—> 15" 3814 36 - |%40
—16" z,u” g5 5¢0
ClUowse 165 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
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VSE- /6—)<3(pv—l
- 150(849 = 54315

Kf.v.s.f_z\; 17
CUEC K Hu
Mo= 320 4 1.2 (2,53) 36", 44 !
& -
Revisz log
Jr . L8LL) L sgy
o.50% B
For E-;:g"\al:. 32.9 "
4 ~ '
As=fobd = (0030 G25")
Ag= 4.6F "

|
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Rectangular Beam Design

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

If bars do not fit in one layer, d is
measured to the centroid of the pattern.

YAXxd,

X =

Clovsg BARs (sec At A.4)

Y S« XqBars Aszg0ut
R4 snnp he 26"
33,435"
Gt
' 2.5¢4

Le15”

Taljle A.4 Areas of Groups of StandardBars (in.?)

YA T

Number of Bars

BarNo. 2 | 3 | 4 | (3] 6 | 7 [ 8 [ 9 [ 10 [ 11 | 12 | 13 [ 14
4 0w \*0,’58_‘#'078 098 | 118 | 137 | 157 | 177 | 196 | 216 | 236 | 2’.5" 275
5 ‘ 061 | 091 | 123 | 153 184 2Is 1 245 | 276 | 307 | 337 | 368 | 399 | 430
6 088 | 132 | 177 | 221 | ggf 3.09 Zgi gzzla l g.g%' 22? ;;(2) ;ggl gg
7 120 | 180 | 241 | 301 | 4 . 41 | 601 |6 A 4 .
1.57 235 3.14 4&} WW‘} 8.64 9.43 ‘ 1021 | 11.00
200 | 3.00 m 800 | 9.00 | 10.00 | 11.00 | 12.00 | 13.00 | 14.00
0 | 25 | 379 | =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 14 450 | _675 | 900 | 1125 | 1350 | 1575 | 1800 | 2025 | 2250 | 2475 | 27.00 | 2925 | 31.50
Design of Reinforced Concrete, 18 |_800 | 1200 | 1600 | 2000 | 2400 | 28.00 | 3200 | 36.00 | 4000 | 44.00 | 4800 | 5200 | 56.00
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Rectangular Beam Design
7. Choose bars for Ag and determine "
spacing and cover, recheck h and =373, 434
H -_—"-——
weight a As £y _ 5 (o) _ 734211
2 v - -
!
— &5 b 850315
Make final check of M,, using final d, and A r (J 5(6 3(33 iy - ,e‘l’a)
check that M, < ¢M,, z
Mn - o86‘4 k-7 = F37.8K!
Ity =0, 9(7318) = 664 -
MU =653,3 <464 v~ ol
. . @3 27__, ?-543 ” I
8. Check that & > 0.005 (if not, increase h = = =% 9227
t c ﬂ| 0.8
and reduce A,) g
" . ¢ (o.003)
9. Design shear reinforcement (stirrups) t . c
10. Check deflection, crack control, steel € = 33,43 - 92T (0,003)
development length .221 -
E, = 0,0078] > 0.00% ok
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