ARCH 631 Note Set 10.4 F2013abn

Examples:
Reinforced Concrete

Example 1
A simply supported beam 20 ft long carries a service dead load of 300 Ib/ft and a live load of 500 Ib/ft. Design an
appropriate beam (for flexure only). Use grade 40 steel and concrete strength of 5000 psi.

Maximum Reinforcement Ratio o for Singly Reinforced Rectangular Beams
(tensile strain = 0.005)

SOLUTION: fe=3000pst  f/=3500pst f/=4000ps1 [, =5000pst f; =6000pst
f B =085 B =085 B, =085 B, =080 B =075
Find th ign moment, My, from th ’ L L L L L
d the desg oment, v from the 40,000 ps1 0.02032 0.0237 0.0271 0.0319 0.0359

factored load combination of 1.2D + 1.6L. It 55990 psi 00163

_ . , 0.0190 0.0217 0.0255 0.0287
is good practice to guess a beam size to 60.000 psi 0.0135 0.0158 0.0181 0.0213 0.0239
include self weight in the dead load, fl=20MPa  f=25MPa f/=30MPa f/=35MPa f.=40MPa
because “service” means dead load of 5 £ =085 £ =085 £, =085 £ =081 B8 =077
everything except the beam itself. 300 MPa 0.0181 0.0226 0.0271 0.0301 0.0327
350 MPa 0.0155 0.0194 0.0232 0.0258 0.0281
; : ; ; 400 MPa 0.0135 0.0169 0.0203 0.0226 0.0245
Guess a size of 10in x 12 in. Self weight 500 MPa 0.0108 0.0135 0.0163 0.0181 0.0196

for normal weight concrete is the density of

150 Ib/ft® multiplied by the cross section area:  self weight = 150 %3 (10in)(12in)-(%);2 =125 Ib/ft

wy = 1.2(300 Ib/ft + 125 Ib/ft) + 1.6(500 Ib/ft) = 1310 Ib/ft2

2
The maximum moment for a simply supported beam is % ;

M, = w, |2 213101%(20ft)2 65,500 Ib-ft
8 8 Table 3.7.1

Total Areas for Various Numbers of Reinforcing Bars

Ib— ft .
65,500 - 72,778 Ib-ft - ll;’,'z,’:le':‘: _— Number of Bars

Se  (m) by 1 2 3 4 5 6 7 8 9 10

Mn required = Mu/¢ =

M #0375 0376 0.1 022 033 044 055 066 077 088 099 110
i id. fi =_n #0500 0668 020 040 060 080 100 120 140 160 180 200

Touse the deSIQn chart aid, find Rn ' #5 0625 1043 031 062 093 124 155 18 217 248 279 3.10
#6  0.750 1502 044 088 132 176 220 264 308 352 396 440

estimating that d is about 1.75 inches less than h: $7 0875 2044 060 120 180 240 300 360 420 480 540 600
$3 1000 2670 079 158 237 316 395 474 553 632 11k 790
d=12in=1.75in=10.25in #1128 3400 100 200 300 400 500 600 700 800 9.00 10.00

$#0 1270 4303 127 254 381 508 635 762 889 1016 1143 1270

#ll 1410 5313 156 3.12 468 624 780 936 1092 1248 1404 15.60

Ib— ft #14° 1693 765 225 450 6.75 9.00 1125 1350 1575 18.00 2025 22.50

72,778 . (12 |y ) =831 pSI 18 2257 1360 400 800 1200 1600 2000 2400 2800 3200 36.00 40.00
ft

"~ (10in)(10.25in)?

* 414 and # 18 bars are used primarily as column reinforcement and are rarely used in beams.

p corresponds to approximately 0.023 (which is less than that for 0.005 strain of 0.0319) , so the estimated area required, As,
can be found:

As = pbd = (0.023)(10in)(10.25in) = 2.36 in2
The number of bars for this area can be found from handy charts.

(Whether the number of bars actually fit for the width with cover and space between bars must also be considered. If you are
at pmax do not choose an area bigger than the maximum!)

Try As = 2.37 in2 from 3#8 bars

d=12in-1.5in (cover) — % (8/8in diameter bar) = 10 in
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Check p =2.37in2/(10in)(10 in) = 0.0237 which is less than pmax-0.00s = 0.0319 OK (We cannot have an over reinforced

beam!!)
Find the moment capacity of the beam as designed, ¢Mn

a = Adyl0.85cb = 2.37 in? (40 ksi)/[0.85(5 ksi)10 in] = 2.23 in

Mo = 0A,(d-al2) = 0.9(2.37ir)(40ksi)(1 0in— 2'223'“)-( 1 ) _ 632kt ¥ 655 k-t needed (not OK)

12ing

So, we can increase d to 13 in, and ¢Mn = 70.3 k-ft (OK). Orincrease Asto 2# 10’s (2.54 in2), for a = 2.39 in and ¢Mn of

67.1 k-ft (OK). Don't exceed pmax0r omar-0.005 if you want to use ¢=0.9

Example 2
Determine the capacity ofa 16” x 16” column with 8- #10 bars, tied. Grade 40

steel and 4000 psi concrete.

SOLUTION:
Find ¢ Py, with ¢=0.65 and P, = 0.80P, for tied columns and

ASTM STANDARD REINFORCING BARS

— ! J— ol inal area. O ™ iahr,
Po = 085 fc( Ag As’[ )+ fyAs’[ Set sizE. 1o, \.Ii:r:u:{:r.:n. ‘Jor’nil;.ll... L, N l]ll,]l\l::ﬂ.&('l,_h[.
3 0375 TR T 0.376
Steel area (found from reinforcing bar table for the bar size): i ;;G“O ;-3“ 66K
3 {1625 51 1043
[i} 0,750 (.44 1502
Ast =8 bars x (1.27 in2) = 10.16 in2 7 0.875 0.60 2.044
8 1000 079 2670
o 1.128 1010} 3400
Concrete area (gross): 10 1270 127 4303
Il 14100 1.30 5313
) . . 14 1.603 2.25 7.650
Ag =16in x 16 in = 256 in2 1% 2257 400 13,600

Grade 40 reinforcement has f, = 40,000 psiand f/ = 4000psi

Py = (0.65)(0.80)[0.85(4000 psi )(256 in2 — 10.16 in2) + (40,000 psi)(10.16 in2)] = 646,026 Ib = 646 kips



