ARCH 631 Note Set 11 S2018abn

Case Study in Reinforced Concrete
adapted fronsimplified Design of Concrete Structuresimes Ambrose "&d.

Building description

The building is a threstory office building inended for speculative rental. Figure 17.37 presents
a full-building section and a plan of the upper floor. The exterior walls are permanbaet.
design is a rigigperimeterframeto resist lateal loads

| 1 .

Loads (UBC 1994) 5
Live Loads:
Roof: 13!
20 Ib/ft? :
Floors: '
Office areas: 50 IbAt(2.39 kPa) T R i’
Corridor and lobby: 100 IbA(4.79 kPa) f e B
Partitions: 20 Ib/f(0.96 kPa) T . ———— —
|
i
Wind: map speed 80 mph (B0 km/h); y __
exposure B g — -
F—— |
" - | S F
7 PLAN - UPPER LEVEL B R

FIGURE 17.37 Building Five: General form.
Assumed Construction Loads:
Floor finish: 5 Ib/fE (0.24kPa)
Ceilings, lights, ducts: 15 Ibff(0.72 kPa)
Walls (average surface weight):
Interior, permanent: 10 Ibff0.48 kPa)
Exterior curtain wall: 15 Ib/ft(0.72 kPa)

Materials

Usef ¢&3000psi (20.7 MPa) and grade 60 reinforcemdnt(60ksi or 414 MPa).
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Structural Elements/Plan

Case 1lis shown in Figure 17.44raming plan)and consists of a flat plate supported on interior
beams, which in turn, are supported on girdeygported bygolumns. We will examine the slab,
anda fourspaninterior beam.

of an edge bay is showa the right We will examine the slab and terp paned.

For both cases, we will examine the exterior frames ir3tbay direction.

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

Case 1:
Support condition Minimum Al .
S |ab Simply supported £i20 i
One end continuous {124 =
The slabs are effectively 10 ft x 30 ft, with an aspe | Poth ends continuous (28
ratio of 3, making themneway slabs. Minimum | Cantilever £10 &
: : MNExpression applicable tor normalweight concrete and f; = 60.000 psi. For other
depths (by ACl) are a funon Of the Span' USIng cases, minimum & shall be modified in accardance with 7.3,1.1.1 through 730,13, —

as appropriate.

Table7.3.1.1for oneway slabs the minimum i§
28

and there is & inchesminimum for fire rating 7.3.1.1.1 For f; other than 60,000 psi, the expressions in ~

Table 7.3.1.1 shall be multiplied by (0.4 + £4/100,000).
(Foundin Note Set 10.1)

Webl |l phesumeé eri or beams are 120 wide, so
= -1 -1 -
In=10 ft- Y ft - o ft = 9 ft N — S -
| I I 1
l::::::::“::.::::::ll::::::::”:::::::;
! :: || “ !
}::—_::::.:]t:::::::lr_::::::q[::::::j
| I ! i |
T 9“@_2”’ft pubf e iw_:T: S =53== ::i::::‘
minimumt (or h) = =3.86n '.: A I |
E—===== ! L i —=—=—=— ==
S —— s
| ) I I
Use 5 in based on fire rating. F======4 ST H t‘ﬁ:::::ﬂ‘
I I
I::::::l__—_'Jii_:“]:::;:::u_:EEZ:H:::'::::ﬁ
" I I |
! | Il (]
i::::::::l‘;::::::::H::::::::H:::::::j
| | | I .
I I
dead load from slagself weight)= bt b J,F‘J‘“’:f
3 . ! 11
lSdblﬂ @n _625|b/f9 ‘ """"" '“’_— ————— RS S, Jup ‘h
12‘nlft - ) FIGURE 17.44 Building Five: Framing plan for the concrete structure for the upper
floor.

250



ARCH 631 Note Set 11 S2018abn

total dead load 5 + 15+ 62.5 Ib/ft?+2 0 of | i ght we i withtweightofi&Ib/fté t e
(0.68 KPa)(presuming interior wall weight is over beams & girders)

dead load- 100.5Ib/ft?
live load ritical case in corridor) 400 b/ft?

totalfactoreddistributed loadASCE-7) of 1.2D+1.6L

wu& 1.2(100.5 Ib/ft) + 1.61001b/ft?) = 280.61b/ft>

Maximum Positive M omentsfrom Figure 23 (Note Set 8.}, end span (integral with suppofoy al ft
wide strip:

My (positive)= Wul“:n _ Wi @lf; ®%n _ (2806" “lzflft><9“>2 oK =162k

i In N In o n
I" [ |
[ U u — | Integral
; with
gll:;glc?rt wulf wufd wy 3 jSuppon
" 16 14 |
End Span Interior Span End Span

Figure 2-3 Positive Moments—All Cases

Maximum NegativeM omentsfrom Figure 25 (Note Set 8.}, end span (integral with support) for a
1 ft wide strip:

w,"?n _w, Qft &%, _ (2806 " )aft)@™)? o K

Mu(negative — =1.89 kit
12 12 12 100db
le In I s tn J L I
r 1 1 |
Jul; U | Integral
Simple ‘é”:}g port
Support wy 2 Wyl wul2 Wyt Wyl3
. 12 12 12 12 12

Figure 2-5 Negative Moments—Slabs with spans < 10 ft
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Thedesignaid (Figure 3.8.Df Note Set 10.Jlcan be used to finthe reinforcement ratia,,
knowing Rn = My/bc? with M = MJ/ft, wheref;= 0.9 (because 0.00s= 0.0135) We can presume
the effectivedepth to the centroid of the reinforcemaiitis 1.250 | e s s slabthiegkmesst h e

(withlJ6 c o v eafabardidmeterfor& ( | 0 d i) banedd. e r

Maximum Reinforcement Ratio p
(tensile strain = 0.005) fc
f«=3000 psi .= 3500 ps

gt 5 B =0.85 B =0.85

M 1.89° 9 . 40,000 psi  0.0203 0.0237

Rn= fbduz :(0_9)(12-;1 Y& S V" 1@¢"  131.3psi 50,000 psi  0.0163 0.0190

60,000 psi  0.0135 0.0158

(Full table foundn Note Set 10.1)

sor for f ¢& 3000 psi andy = 60,000 psi is the minimum. For slaBs minimum is 0.0018bt for
grade 60 steel(See Note Set 10.1)

As=0.0018b = 0.0018(12in)(5in) = 0.108 it
+=rbd® 0.0025(12)(4) .12 irf/ft
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Pick bars and spacing off Table73 Use #3bars @ 1 in (As= 0.12in?).

Table 3-7 Areas of Bars per Foot Width of Slab—Ag (in.2/ft)

Bar Bar spacing (in.)

size 6 7 8 9 10 11 12 13 14 15 16 17 18
#3 022 | 0.19 | 0.17 | 0.15 | 0.13 | 0.12 0.11 | 0.10 0.09 | 0.09 | 008 | 0.08 | 0.07
#4 040 | 034 | 030 | 0.27 | 0.24 | 0.22 0.20 | 0.18 0.17 | 0.16 | 0.15 [ 0.14 | 0.13
#5 062 | 053 | 046 | 0.41 0.37 | 0.34 0.31 | 0.29 027 | 025 | 0.23 [ 0.22 | 0.21
#6 088 | 0.75 | 066 | 059 | 0.53 | 0.48 0.44 | 0.41 038 | 035 | 0.33 | 0.31 0.29
#7 1.20 1.03 | 0.90 | 0.80 | 0.72 | 0.65 0.60 | 0.55 051 | 048 | 045 [ 0.42 | 0.40
#8 1.58 1.35 | 1.18 | 1.05 | 0.95 | 0.86 0.79 | 0.73 068 | 063 | 0.59 [ 0.56 | 0.53
#9 2.00 1.71 1.50 | 1.33 | 1.20 | 1.09 1.00 | 0.92 0.86 | 0.80 | 0.75 [ 0.71 0.67
#10 254 | 218 | 1.91 1.69 | 152 | 1.39 1.27 | 1.17 1.09 | 1.02 | 0.95 | 0.90 | 0.85
#11 312 | 267 | 2.34 | 2.08 | 1.87 | 1.70 1.56 | 1.44 1.34 | 1.25 | 117 | 1.10 1.04

Common chart of spaced bars basadar areas.

Check the moment capacity isactually5 ini 0.75in (cover) % (3/8in bar diameter) = 4.06 in

a=Afy/ 0. B S5012in? (60 ksi)/[0.858 ksi)12in] = 0.24 in

0.24n )("1i ) 2.13k-ft > 1.89k-ft needed

_ _ — 2 ; )
f Mo =f Ady(c-a/2) =0.9(0.1n" )(6@si )(4.0B1- = o

(OK, and the minimum of 0.113n #3 at 12 ini works as well witif M, = 1.96 kft)

Provide steel in the perpendicular direction as well, and make certain not to excewatingnm
spacings of 5t or 18" for shrinkage and crack control ste@&tior 18" for flexure reinforcementin
found inNote Set 10.1)

Maximum Shear: Figure 27 (Note Set 8.1shows end shear thatvisl/2 excep atthe end span
on the interior column whickéees a little more and you must design for 15% increase:

/ftz .
Vimae= 115wWly2 = 1152808 Y01 )G _ 1455 1y (for a 1t strip)

2
le n g 1 ) J G In
I 1 T
U u — | Integral
S|mp|e Wuln 1.15wy/ln Wuln Wuln 1.15wyfn Wu/n ‘g:}gpon
Support 2 2 2 2 2 2
End Span Interior Span End Span

Figure 2-7 End Shears—All Cases

(280.6”"° )EIt )(4.061

o = 1357 Ib

Vyat d away from the support =uMaxT w(d) =1452 Ibi
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Check the one way shear capacity/. = £.2/ ,/fibd (f,= 0.751 =1.0 for normal weight concrete

fNVe= 0.75(2)(1.0) 300@si (12 )(4.06 =4003Ib

Is Vu (neededXx f\Vc(capacity?  YES: 1357lb ¢ 4003 Ih sowe don't need to make the slab
thicker.

top bar ,Slab bars

1"2’}-.'—. + [LF e e a.’. ciliged Ligh

Interior Beam(effectively a Fbeam)

Tributary width = 10 ft for an interior beam.

dead load- area load xributary width =
(100.5 Ib/fE)(10ft) = 1005 Ib/ft (14.7 kN/m)

Reduction of live loads allowed(Note Set 3.4)with alive load element factoKy., of 2 for an
interior beanfor its tributary widtha s s u mi ng t he .gThaliv badisi0db/ff2 060 wi de
(corridors and lobbies)

15 ) =100+ (0.25+ 15 ' =87.3 Ib/fE

KL AL -~ J2(30ft - 1t )0t )’
(Reduction Multiplier= 0.873> 0.5

L=1L_(0.25+
)

live load= 87.3 Ib/f(10ft) =873 Ib/ft (12.7kN/m)

Estimatn g a 1 2 dodeep lkanmeans 2he additional dead lofadm self weightcan be
included. The top 5 inchex slab haslready been included in the dead I§a€a05 Ib/ft)

dead load from self weight g® tidbutary width =

. 2.4t %
150" (12n wide)(24 5n dee : = 237.51b/ft (3.46 KN/m
(12n wide)( p)%%g ( )

Wy = 1.2(1005Ib/ft+237.5 Ib/ft) + 1.6873Ib/ft) = 2888 Ib/ft (4.30 kN/m)
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The effective width, g of the T partis thesmaller of?”, b, +16t, or centercenterspacing(Note
Set 10.1):
be = minimum{29 /4 = 725 ft =871in, 12 in+ 16x5 in=92in, 10ft = 120 ir} = 87in

The clear span for the beam is

[h=30ft-Y%ft-2ft=29ft

Maximum Positive M omentsfrom Figure 23 (Note Set 8.3)end span (integral with suppaort)

w2, _2888"" (29 § . k
14 T

My (positive)= 2 O o

= 173.5k-ft

Maximum Negative Momentsfrom Figure 24 (Note Set 8.1)end span (integral with suppart)

A2 _ 28ag Tt (292 5 1K

. W,
Mu(negative= — =2429 k-t
10 10 100db
I|= ) In In
T P g -
4Tlntegral
[ )__ = - Jwith
Simple L 1, 51 Support
SHpRet wu2 oyl wad  wuB® W spandrel
10 1 1 10 24 Support
2 2
Wy £ Wufj Column
—ﬂg (2spans) 16 Support

Figure 2-4 Negative Moments—Beams and Slabs

Figure3.8.1(252) can be used to find an approximatéor top reinforcemenif R, = My/bc? and
we set M = MJ/fi. We can presumthe effective depth i8.50less than th@ 4depth¢ or 1. 50
cover and | bar diameter for pso#d20.5%(.10/8) 06 bar

M, _1000"%Cp42.8 "

u

- fbd? 09612 )(21.5 J

V" =584 psi

n

sor for f ¢& 3000 psi andy = 60,000 psi ibout0.011 (and less thanmaxo.oos= 0.0135)
Then we pick bars and spacing off Tabl& @g. 253 to fit in the effectiveflangewidth in the
slab.
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For bottom reinforcemerfpositive momentjhe efective flange is so wide at 87, ithat it resists a
lot of compression, and needsry little steel to stay undeeinforced éi s bet ween 0. 60 a
Wedd put in bottom bars at tfbréeingthestirupsitan r ei nf or c

Maximum Shear. Vmax=wul/2 normally, but the end span sees a little more awndmust design
for 15% increase. But for beams, we can use the lower value of V that is a distance of d from the
face of the suppofsee Figure.7 on pag53):

1.15(2888" )(28 ) 2888 (21'5 )

Vu-des‘;gn = 115\l\bln/2 T Wud: 2 12’n/ft

42,983Ib = 43.0k

Check the one way shear capacitfi¥. = £,2| \/fibd, wheres, =o.75andl = 1.0

f\Ve=0.75(2)(1.0)/ 300@si (12 )(21"5 = 21,1971b = 21.2 k

Is Vu (neededkx 7.V ¢(capacityp

NO: 430Kk is greater than 2112 so stirrupsare needed

fWVWs=Vyu-f\Vc=430kT 21.2k =21.8k (max needed)

Using #3 bars (typical) with two legs means=A2(0.11irf) = 0.22 irf. (Found in Note Set 10.1)
ASTM STANDARD REINFORCING BARS
Nominal Nominal area, | Nominal weight,
Bar size, no. diameter, in. in.2 Ib/ft
3 0.375 0.11 0.376
4 0.500 0.20 0.668

To determine required spacing, use Tab&(Bg.257). Ford =21.% afyvee fv4\/f—ci bd (where
fv4\/f—d' bo=2rv,=2(21.2K) =424 kv h e n )atkedImaxdnmum spacing is2i# 10.75in. or 240.

fAfd_ Afd _ 075022 & 205
V-V, KX 218

S

Srequired— =9.75in, so us& in.

We would try to increase the spacing as the stheareases, but it is a tedious joe need
stirrups anywhere that\? /\VdJ2. One recommended intermediate spacing is d/3.
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Table 3-8 ACI Provisions for Shear Design*

Vus 53,';.@_ Ve 2V > ‘3’\2"5 Vu> Ve
. pob,s 0. TS\ff b, s M, —¢V.)s
Required area of stirrups, Ay none greater o f = =
yt e 9iqd
Av, A 0Ayf, d
Required — smalleof e P T o
0.75./t b, Yo — Ve
Recommended -
| Minimumt — — 4in.
Stirrup spacing, s
- %0r24in. gor24 in.for (V, - wc]sMJE bud
Maximumtt
(ACI 9.7.6.22)
%or12in.for(vu —¢Vc)>¢4—\/gbwd

*‘Members subjected to shear and flexure only; ¢V, = ¢2}\\,'Ebwd ¢ =0.75 (ACI 22.5.5.1)

Ay =2 X Ap for U stirrups; fy < 60 ksi (ACI 20.2.2.4)

TA practical limit for minimum spacing is d/4

ttMaximum spacing based on minimum shear reinforcement (= A,f,; / 50b,, or A f,, /0. 75\,f w)
must also be considered (ACI 9.6.3.3)

The required spacing whestirrups are needed for crack contrdMc OV, > Y%F\Ve) is
Af i i , Af 22in i

Sequired= SMaller of 2% = 0.22in" (60,000psi) — 22 inand \ T, 0.22in" (60,000psi)
50, 50(12 in) 0.75/fb, 0.75/ 3000psi(12 in)

maxi mum spacing is d/2 = 10.75 in. or 240.

= 26.8 in,and the

A recommended minimum spacing for the first stirrup is 2 in. from the face of the support. A
distance of one half the spacing near the support is often used.

41.9 k
Vo to find distances when w is known: X E¢pmsging value)/w
36.7 ex: 41.9k21.2 k)/2.888 k/ft = 7.2 ft
212k 7.2ft=86in
106K o5 = 130 1451 .
- X
.. 130ft=1sein |
9.35ft =112 212k
43.0 k
14 @ 10in 5@ 10|in B@9in 482k
ETEEEFT T UHEEEEEEEE T

END SPANTIRRUP LAYOUT
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SpandrelGirders: =
I H
|
Because there is a concentrated load on the girder, the approximate analysis F:: - :}‘E:
c a neghnicallybe used.If we converted the maximum moment (at |
midspan) to an equivalent distributed load by seftiegual to wl?/8 we | h
would then use: F---===#=

Maximum Positive Momentsfrom Figure 23 (pg.251), end span (integral \ g
with support):

2

spandrajirder
*
I
I
I
I
il
I
|
I
|

n 1
Mys= S0 ! i
14 ;::::::::1[;:
|
I
‘t:: —-—=—==4dk=
| 1
Maximum Negative Momentsfrom Figure2-4 (pg. 255, end span (column - -
support): FIGURE 17.44 Building F
W, A2 . W A2
o= —— (with =" at end)
10 16
Column:
Anext erior or corner column will see axi al |l oad

Puand M, for standard sizes to determine the required area of sk@ahterior column sees very little
bending. The axial loads come from gravity. Tfectored load combination is 1.2D+1.6L + 0.5L
(Note Set 3.2).

The girder weight, pre%islmsdl%‘ﬁ(gt)(z&t@:GOOIb/#ﬁ girder at

Top story: presuming@Ib/ft2 roof live load, the total loadbr an interior column
(tributary iagarea of 306x3060)

DLroor: 1.2 X 100.5 Ib/fE x 30 ft x 30 ft =108.5k
* assuming the sandeadoad and materials as the floors

DLpeam 1.2x 237.5 Ib/ft x 30 ft x 3 beams =25.6k
DLgirder 1.2 x 600 Ib/ft x 30 ft =21.6k
LL,: 0.5x 20 Ib/ft> x 30 ft x 30 ft = 9.0k
Total =1647k

Lower stories

DLfioor:  1.2x 100.5 Ib/fE x 30 ft x 30 ft =108.5k

DLbeam 1.2x 237.5 Ib/ft x 30 ft x 3 beams =25.6k

DLgirder 1.2x 600 Ib/ft x 30 ft =21.6k

LLfioor: 1.6 (0.873 x100 Ib/f® x 30 ft x 30 ft =125.7k (includes reduction)
Total =2814k
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Summary:

2" floor column seef, = 164.7+281.4= 446.1k
15 floor column sees P=446.1+2814 = 7275k

Look atthe example interaction diagram for B0 18 column (Figure 8207 ACI 318-02) using
% = 4000 psiandfy = 60,000 psi for the first floor having, = 727.5k, and M, to the column being
approximately 10% fathe beam negative moment = 0.122 k-ft = 24.3k-ft: (Seemaximum
negativemoment calalationfor an interior beam The chart indicates the capacity for the
reinforcement amounts showy the solid lines.

ForPy=727.5 k and Mu = 24.3k, the point plots below the line marked##1 (1.93% area of
steel to an 18 in x 18 in area).
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