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E‘Bm 1%.8ae shaws @ pagtign of o Hooe gs{gm m wh’ch
X mﬂﬂ'&lﬂ'ﬂ slob panel is supparted by Fey\cfhweéﬂ shollow |
beams an four sdes. The beqms M T, @e capened b,ff ol
s of the mtepsection of fheiw cemterlines. I a sunface
Jood g 15 Qppf"edihcﬂc Joad 15 Sved betueew imagmaey
slab shops 1y in the shost divection and 1, ™ the iﬁm‘ﬁ
divection . The pcmfliiqm Gfbﬂ')e ,chl that s C‘;Ii?ﬁ‘ieﬂ ‘y ‘&)Q
/Qcmca si:sigps Iy is delivered o the beams B1 spawning iy
'Hlt Ghmrt diw_cﬁﬂﬂ of the pcrﬂe.?. The pcnrﬁh'{ﬁ} &Iﬁ‘fed é.?j
%g beams B1 Pﬂwa that caymied ditﬂec% in the shast
diveckion by the slab sps I, sums up to 100 pecent
oPthe Jood applied b e panel. Stwilke Tl i i

tim shab stis lo ddiner a past of fe Jood 1o ﬂcmﬁ
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of the Qppfied {ood.
Ttis Jeanly a vequivem ent of stafics that, Jw colem.
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A '{gp:'QqQ panel. is divided S pupposes of desian mto
ol strips £ middle steips.

A Qo ‘Eﬂrip S dcﬁmd as Q Gtﬁ'ip of" E-D\Q}J hmrinfﬂ a.
width an e,uch side of fhe ol centerline ecp.@l{g
ane- J%UTHI ‘516: Smuﬂeﬁ of ﬁt Pqneﬂ dimensian s Ql & jﬂ_
S‘-‘ﬁh Q dl?ip inejudes‘ QOQuTn—ime bal'mfs, 1{3@@0’\](

A Mmidle Steip is bounded @ two colymn SJEB'iPS.




Tn ol coses 11 is defived as the span M the d;‘wﬁg*i
of 'ﬁ*a FOawmenNt qnai'\):s-{s cmcl ,ﬂz Qs ‘H’>€ S pan iy Jg[;e
{odepal dizectian meosured  center 1 center of suppart
Tnihe case of manolibic comsteuctian beams Qe deftned
o o thok vt oPtbe kb o <ach side of e |
beqm extendmg a diskmee equal o the projection of e
beomn above o below the_ sﬂqb hw (thfcf)ew r"-:-;gyg@
but mot 31@@5' than 4 Hmes the slab thickvess
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B Limitstians/ Restpictions_ of” Direct Design Mebod

Maments M ‘h:uo-wcy slabs can be found wai“nta the semi- B8
c'mp[m[c-qi DEWQ{Z'HDES'Z%'H ME‘H\CIL S(LEJ"EQJC o the B%M'Cmﬂfg
Tﬁeslzpfejdqﬂﬁ : '

1 . There vust be o mimimum of three Ao PUOS spns N8
m each divection.

2 The panels vnust be ?ecﬁmﬂulqp’wi{h the afio of the
Jonger 1o the_shoeter spans within a ek oot qreate
thay 2.

3. The syccessive spam ﬁmcﬁﬁﬁs m each divection must wet
differ % mare than qne thind of the Jovger span

4. Columms gy be ofRet o maimum af 107 of the
Spay) M the direction of the offset gncn‘n cither @ois
beteen covferlines of successie Cgﬂt{‘mﬁﬁ_ '

5 Loods must be due b gravily maly, and the tnfeted
Jive Jood must ot exceed D Yimes the (mdoctored

 dead Sood

s'rf Ib@;ﬁ{hﬁlﬂ'& b;re: an t oo imjs, %xe,ﬁfuﬁi stfF

+ Mess of the i the o ioulqp. divections
given %f the watio %%E}E; rrust m{u@n 0.2& 3.0
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B Totof. Statc. Mament ot Factored Loods :
The fotol foctoed mament i & spm, e o strip bnded l’
JUI!BPG% %ﬁ the certerline of the ptmf'.Q an each side O‘ﬂllbe

Centerline of supparts. is
M o= Cb’u.Jz /an
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U}lt:';’e; S SUTJ%CE jﬂq&
L, = clear span in the direction of maments

Jp = centerline span in the perpendi culqe direction of

maments

@) Assrment of Maments o Critical Sechions
Far imteriae spans .ﬁie total stakic mmwre'nj( iS5 qpqu‘@ea
betweeﬂ ﬂ}e Q’ﬁ*iHQOE Poai'[i\!e cmd ﬂeﬂqbue be‘[\d#'nﬂ Se:ﬁuﬂs

:C]‘_['_C(ﬂpdiﬂtﬂf {o fhe -a%.u&uihca' Palios
?Néacrﬁqe Foctoed Moment : Neg My= 065 M,
fositive Factmed Mament : fos M, = 0:35M,

e ol sechon . neqative bending 13 toen ot b

| v%ce Gfm{mﬁulqm suppasts ap ob fhe dace of @ cqioe
awx@e suppart having the same cvoss-sectional area as pad
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Tn the cose of end spans, the appartimment of te totall

static mament amang the fwee critical Sectims (e ar

rwaﬁve’, Poﬁs'ﬁwe and ex{fa-m-fﬂeﬁaﬁue’) dqgenclg UPSY) |

1 . The a@ﬂeafuﬁ*al -ms{qum{ p‘ﬁ'::Nf ded 3%5'-&)& Sﬂu}) bé., ‘\:[we
extesior column ap the extevior wall, as the e mgvbe-

2 .The presence Or abserce of beams om e lum dines.

ACI Code 13.6.3 spef::h&es J{F?"“;‘.‘_ al{rwnqﬁve Sets Q:P
:mmneni dr‘o&ibuﬁﬂn C'Oeaosﬁcft'njt‘s 3%’5' emd SpaNs  as e}num
m Table 13.3 and iJluSEtrEeci im Fig 13.2




TABLE 13.3

Distribution factors applied to static moment M, for positive and neqgative moments

in end span
(a) () @ (d) (o)
Slab without Beams
between Interi
Slab with Supports > Exterior
Exterior Beams Edge
Edge between Without With Fully
Unrestrained All Supports Edge Beam Edge Beam | Restrained
Intenor negative a7 .70 0.70 070 065
o
Postrve momen A3 .57 (52 0.50 (.35
Evienu pegative 0 (.16 0.26 0.3 063
ITomeni

FIGURE 13.12
Combimons of edge restraint
consdered 1 distnbuting
total stanc moment M o
cri el sections m an end
span (a) externior edge
unrestraaned. ¢ g | supported
by a masonry wall (b) slab
wrth berams between all
sappuorts, (¢) slab wathowt
beams. 1 e, fla plate. (d) slab
withowt beams between
mierror supports but with
edge beam. (e) extenor edge
fully restrasned, ¢ g .. by
mosohithie concrete wall,

(6)

(e)
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In Cose a, the exepop Edtae has mo moment vestramt
such ag would be the comdiian with a TNOSTmIy wall| wh.‘eh
ml'dﬁ'ﬁ Ve's‘ﬁc:aﬁ tmppcm"t bu.‘I: Mo T‘U{B{:!cmal Tﬁeshﬂaiﬂf_

Case b wepresents mﬁm—w%g slab with beams an all sides
of the panels.
Case ¢ is Q@ Hat pﬂcﬁ)wi{b o beams af all.

Case d s @ Aot pﬂq];e m which o beam is ppovided auﬂnﬂ
the extoviqe <dge.

Case e Tepresents q ully restraimed edge | such as that
obloined if the slab is maonalithic with a \ewy siff
reinforced concvete Wall,

Bl Lateral Distribdion of’ Mawents

b aw de'sr'eaﬂ purposes it is canvenient 1o cansider the

maments caonstant withm the bounds of o middle strip
a® cofurm 3{3‘ip unfess fhere is @ beam p’E‘@mJE aon Jﬁhﬁ
®Jm Jine. Inthe lofter cose , because of its gratee
stiffress , the beam witl tend to {mke a Javger shore of
the cofumm shrip mament than e odjocent slab
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The distributan of ﬁbﬂ”ﬂeﬂqﬁw”wﬁpﬁaiﬁwhmmﬁ%
between  slab middle steips, slab columm strips, and
beams depends upan

1 TThe patio —%:

2. The vdative stihess of the beam and the slab

% The c[e%ree Q]@'Exmlqnoﬂ pesheamt pPENI'deCI bpj the

a7 e

A canvepient. parameter deﬁ'nmtaﬂ'ﬁ relabive stiffness (f
the beam and shb Sr'cmmfhza M either divection is

Chges I e | |
n which Ly and L wethe moduli of elastely of
the beam and sheb ampesete (ma%u the same) and
Iy & I aretbe mawents of imertia of the et T
beam and slab S.ab‘scm'rp{;&{ o ameters e & okg
are used 1o dentify  oc camputed Juo the dizectians
of §, &1, vespecively - |




The Hesurd stiffocss of the berm and: b o be
based an the. qPOss concrete sectian, T)eﬁ?ec{%nﬁ r?gm%’ce-
Went and possible Qﬁ‘qckmcﬂ, and \ariaton s due to
v wpitds and degp rnels Ty be neflected.

Fow the beam if present T, is based o e effecthe

CwosS -sectian) defived as in Frg 13.20 ,mch as

fow the edge beams - T, - L g

3

¥ faw ‘H‘)E oo bﬁmﬂﬁ 1= bhg‘xﬂ_.()

12

Fa the slab Is is takev ecr,tml to ':_;Lb-b; whese b m this
Qase IS ’Hﬁe wq‘dﬁh Eebvﬁen pcme[ Oﬁ{gﬁﬁﬂeﬁ an Eﬂci\
side of he beam. |
The weladive vestramt pwovided by the Hassionel yesisance
of the effective transverse eiae beam 18 W:Pﬂetfffc{ fgj
the paraweter By, defived as

T Lo

2Ees Ls |
Where, I5as beftee, is cdleulded For the sab Spaming i
divectian J; and hai width b&mda:l l@j‘ PQ“GQ« cenTer-

fines m the [, divection.




The constant C pertaims 1o the dassiond Pigidi J%j of | i
'HE efRolive tecmsverse beam which is defined arqs. |

ding 1o ACT thde 2875 qu)e Japgest of the 2o |

‘wmta I

9 8 Pcm-ﬁm} of the shb hmmcﬂ a Wwidth ecpmﬂ 'b'H‘Kd:Qf
the Q’.‘:luﬂm Jbﬁ’QQkE{ o qui{gﬂ M -H'\e direction UJ?rCh

moments @re taken.

2. 'The powﬁrm of the slab Speeiaq'ecl . 3. Pﬂuﬁ H‘anCU‘J[
of auy tramsvesse bear above and below e shb

3 The transverse Deam d_.e:-ﬂ'ned as m F,-cﬂ 13.10.

The comsteamt . is cdleuladed by dividing the ‘sechio into
ts companent sectangles ,cach having smafler dimewsio
€ O;’ﬂc{ -ﬂm'-‘ﬂ d:memlan o cmd smmmmca “H’E ccmjmhl

tiams of ff al the parts by s of the eguahian, |
Ci= 7 (1- O-G{?s-——-)ﬁi

:_U"TC mbdwrmﬂﬂ ng be c{G’ne I SAQ}) a tu%j Qs b mﬂf
i"mI;c: Q | :




With these parameters defimed, ACI Code 13.6.4 disteibutes
the ﬂe%qh‘w and positive MAMENts  between coluwom
Gb“iP'S and middle sjoﬁips . qs‘ai%ﬂma f the Qolumﬂ
Sb‘iPS the percentages of cositiNe ana T’ﬁi‘aﬂJﬂ‘*E TS
6}10@11 M _[able 134  Lireay iTrEfn*poi&Jdcrﬂ can be mde
beteen dhe Values shown. |

TABLE 13.4

Column-strip moment, percent of total moment at

critical section

L/l
0.5 1.0 2.0
Istenos segative moment
aA =0 75 75 75
Exterior negative moment % ‘
apl/l, = 0 g =0 106 100 1)
B =25 78 75 75
B,=0 100 100 100
=10
ik B =25 % 75 45
Posinve moment
alyl, = 0 60 60 6l
aph/t, = 10 o0 78 45
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® The colm-dine beam %pcmnma m the diwection ﬂllﬁ t)i
be propawtioned 4o vesist 25 parcent of the wlemn stoip E
Twent ia@_ﬂ%g is g,qqi‘kc Q¥ %’Bﬁq];gﬁ' 10 |

Fa values betueen 1 & 0 the prepostion 1 be wesisted
by the bearm gy be obfamed by Aincuw meppclatan. |

* The postion of the mowent 1ot vesisted bt? the Cﬁﬁm;
313*:’;3 s Fropﬂu‘hﬁﬂﬁfﬁbe qsaﬁcdrfd fo the G!:b‘il@fﬂt hold mcﬂjes
Sb*ips, Each widdJe sj@fp S des‘ucgneJ 1o wesist the ST
of e moments assigred to its two half-madle stips)
A middle sheip C(:[Jcmeenjc and pays dled ' a wdl rs

designed fw fuice the ymoment aﬂn‘iamed fo the hdf Z

widdle th‘fp quﬁspundiﬂta o the fivst vow of mtsiar

Supparts. |




18 SRl sl bcmfs e nwmaﬂb Pﬂﬁee& clser 1o the

bve depth 'd = b cleqr cover
e J—Wa* divection bars ave. placed inside dpese, witn salley

%lePﬂl RemBweement Fp Q)Imm _Supparted Shabs -

L Ffmwicle :\%p ,ﬂuqqﬂ mwb*crbd ,lood‘i, as well as 1o
ensure that tensile cracks are nawrow and well-distei- B8
buted , a. Mazemum baw %pqafng at ewiticd sedions of
2 times the total slab thickmess (2 h) is specified E’Q;F
AcI Code 13.3.2 fav fo-way slabs

e At jeast 'ﬁ!)e_ minmum  steel T?EC!}ercd Jore ﬁmpeﬁ‘cﬂlﬁe 3
& é‘)ﬁiiﬂkqg:e crack conteol must be provided :

Grrade 40 ge 50 defurmed bar - 0.0020 bh
Gmrade 60 defummed bap - 0.0023 bh

> G{Fade §6! deﬁ‘mﬂed [DC[D" C. G(}iﬂix £0,000 bl’{
J

e hap p'ﬁ'ﬂcrtg\_{ion of steel qﬁmﬂ;ﬁ' damage Fomn five ar com
siay) | Gi -Deaﬁ“l: m Qt:mcfeif Qovey? ME mmhﬂ?ﬁcl

dop o battem aurfice ofﬂneslab wtﬁlﬁ\e larger effe-

4= 4 - bay digmeter
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a 5 LU L IgTY | I
& | g |PERCENT Ag WITHOUT DROP PANELS WITH DROP PANELS
(7] g AT SECTION
m}_u:w,_' r__uw._lélg_ 033, _M&‘n_{:l
ald - " Toz00, | 9200k . 2020, B200a2 '
Z || Remancer | fyer—r ot kP
w0 KIZ]ECmMmlhaml h‘ﬂ | M
- | T i ﬁ-' -';,
2l — -~ —
3 = 100 YER ; . g - X2
2 .4 A1 1088t wo bars or wires Ef’“ ‘"‘*-Sﬁmmum E'd‘
! shafl contorm 10 13385 “-i permatied i (has (G100 :‘{i
1 - I‘.-
. la E 4 o022, _ oz, R 4 o2, Loz, B2
BRl ™ e e
= :
Lad 4 kil |
gé - E ) Max 0150, . = = & Max 018/, R g
N
8 Remainder E‘ = l—\-—l- f; - -R‘E
cy ) 58] .
;3'“+ Clear span - I, — §1, - Cloar span - 1, :E
—  Face of supporn — Face of support —— = |
=4 — Center lo center span ~ | E-- Center 10 center span - | —f=
|
€ v €
Extorior support Interior supoort Extenor suppon
(No siat conpty) {Conpnuty provided) (N stab continuty)

[ Sersmia Dém‘ﬂfnﬂ ' To enswre duckle behaviar J@ﬁﬂ}mﬁ'
'&JJG-W’-?!J slabs witheut beams, at Jeast cme- Gﬂ"t@' of toe

Lp e fatcdinert: ok dhe Quport in cokow sh*'PS ot be
| continuoy s ﬁmmghmt the spam, as oust botom
cqual o af Jeost ame-third of the bp Teimfemat o
'ch alppa:st in columm G&PS




A winioum of ane hdf of all betlom weim@scement ok

widspan in both colurm and middle strips must be cant-
uous and develop its yield %bfn%ﬂ'l ot the e of e
‘Suppart. .

By Depth Limitstims of the ACL Code:
The minivoym thickvess of trwo-way habs without tesiae
beams 1us mot be less than provided by Toble 12.5

TABLE 13.5
Minimum thickness of slabs without interior beams

Without Drop Panels With Drop Panels

Yield Exterior Panels l Interior Panels Exterior Panels Interior Panels

ie .
Stress Without 5 With Without With

ff‘ Edge | Edge Edge Edge

psi Beams Beams® Beams Beams®
40,000 L33 /36 \ 1./36 ! /36 1, /40 1,/40
60,000 /30 L33 L33 1133 {36 l /3%
75,000 2% 1,731 .31 (WE] L3 | {34

4 §lahs with beams along exterior edges. The value of ay for the edge beam sl mion be less than 0LE.

@ Gjubé without Intevicw Bemrns :

Mimivaum ‘Hh‘c:l(‘ness:

Fow slabs without dvop Pﬁﬂeﬁ‘ﬁ S i

Far slabs with dwop pavels = 4 i
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b_Slabs with Bams an Al Sides 1
Adconding to- ACT Cede 0518 Do g £ 02, Hﬁel
miniengm thickness of Table 23.5 shall QPPJJf ié
< 2.8, the slab thickness m‘é

Rap ap >0-2 bat g,

ok be less than

J (G-‘8+——L) |
e adie 200,000 .
R 5ﬂ(¢$‘(.;ﬁ— o) & mot RG:SS'HJUI’) ‘S_E‘Jm,i‘I
Fop alp >2.0 the thickness must not be less than |
L. dn(0-8+4 S 1
& 00,000/ & not Jless tbep 3.5 |
26+ 9p

Wheve, {4 = clear span M lcma divection meh
ﬂ@m:w&'ﬁ‘ﬁﬂe\tﬂue of ag :rrjf:m'o.ubemsﬂn‘f‘%@
of & gl
8 = Tatio of deop span in ong direchion o e 5
in -el':au{ direction |




_E—xm'npﬁ'e 18.27 Design a}bﬂm-u_}ry slab with edge beams -
A ﬁﬂe-m(gy e imfhrced QG[@E{E buildinta Llogr %'SJEETH IS
Qﬁmposed of® shb P(rneﬂs Tﬂmsa’r-mﬂ 20%25 $t in pﬂﬁﬂ,
Su{-’PG’“‘iﬁ& [%\f gha Mow Qoﬂl.nmn line beams cast Tﬂwﬂﬂbicugy
with the slob, as shown m Figere. Using concade. with
Je'= 4000psi and steel with %-‘—G‘QGOOF}si}dtﬁiBw El.bv
pical exteriar panel 1o campy a. sepvice five Jood of
144 psf m odlition to &lelseﬂf”-v\itiﬂftk of the Hoop

5 ‘l;.{_h 12 ":l i 5

7 st Ty &
A M P S H
2 | '. E
| _ = .- g
oy
1} —FSP!'CGQ
Exter op

|
1 fayed
[l &1
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Sod2: Tl value o slab hickness Jre extevar pand.

ol Peﬁhme{:E‘P _(20+25)x2
1R0 1380

-0.5 =6"

So, take 'HJw(:J(TEﬁS h+1, = @“Hj = A
NO{LJ ‘Hﬁe E‘%Ch\ie J@m’x&e Wﬂd@hﬂn bedﬂ'ﬂd '&JE IELCE‘ 0-]@{?5&
beam WE}DS is the lessew of |
4hp=4x%=23"

aw, h,, = (20-%) = 13" (governs) %

The moment of mertia. of the - beams wd!l be ﬁhﬂrﬂﬁj
as multiples of Hhat of Hhe mch:mﬂnhm pawtion as Jolbus:
haw the edge beams : I,= f&sﬂ 5

=T s 14}'@0) i e

= 14' 000 m¥

hay the mtevar beams - I-—-biexzo

i

) ‘><14-><@_O) % 2.0

= 18666.666F T
= 18700 in?




- " _.1
F’cm*fbe edfae beam b =10~ E+———~ 1@ 1%=13

250
Far the slab 5‘&-; | 4 &
eClde LT = -
Ras tbe 1% 1t edge 5ndH7,, | L“"ji | .
bh? @31x19)¥ 44033 i1 | |
%:T > 19— %4500]”4-— 2::.:#;‘;3 s
o -H‘ae 20 £t N1d"‘:h Loxd
T bh% @Gﬂz’)x@-— ga860 Mt R =
s - = 68900 it

» # 40N o '::
[ i el

dth 7
FGU“'H’E 25 £t widtn, :
bh3 _ e5xa2xX®° _ o s it = 8600 i
=75 A8 0L . :L?_

Eepl corerete is wed, Enp=Fos
We Jenow, o(ag= b b  gs same

5

SD_, O((P P s o 15
Ibredqe) 14000

= ) 6'1
ot Cq lsasagy 4500

—
— =

4 15(2{} a@g 9900
p - IpGnksia)  18F00 _ ey
e Li2s#) 8800

i
Xp+ L, +C’5§a+d£¢ Ry R+ D2 R L, o
S, g - = -

| Livainig) . 12700 ) 7
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i C,Eem* spaw) im Lcrnﬂ d!mﬁw ﬁ\-n1=@5 __i_i_-) =23.3 T2
34"l L1
oﬂemj‘» Sgan N Short dIE’E‘C‘hGTF 'an_ @-O b ) &%
Sﬂ ﬁ lQn‘_'L > 28 % 2id ,l :?-7‘

BT 44

o0 | JnlO: '8“*2@?::00) (’Qﬂ " ,r(mﬂ
Mlﬂamm ‘!Jgfckmssj [']fm-.n'_ 26 + 9_{3 C{l“ﬂiﬂh@}
(Fow ey 20 60000 )

_ 286 x(0 8+ 1200000
46+9x11 2%
St I, G?} 7t

So, h= 7" (s ok

Now, Fos a. 7" slab Dead Load = hx 150 pef

=CE %150 ) ar RFS pf
R B8 pﬁf
So, Desican joac],wu: 1.2 01 5L

5 L1.2Xx88+. 1 6§x 144
K2 C:_}WQ Q
haw 5}')06{‘5@'67 d"ﬁﬁfh(m, Mu = h %‘}&ﬂi‘-_)_

0-336x% 25 X138
=
o= 3R F- ki

& —



Tis is distribuded as Fallows:
Negqﬁve Oeai%ﬂ Moment = G-65 M, =0*55"‘3‘?f9 =241 ft-kips

Pasthne Dcsfcﬁﬂ Mament = 035 M, =@ -%Sx‘a’?y =130 :ﬂ_—kipe

Heve, %L=%_—5= c.25" > j,i=%= 5" (Jesscr)

oo, Width of colwmm 'Sjtﬁ‘}p =@x 5") =10’
& ‘Widﬁl oae -middi]e- Sﬁ'ip = @,6’-1@ =15’ a%'ﬁ‘ ﬂm% ({imﬁtm
& @Dﬂ_cy =10 P shart divectian



_@ﬂﬂ'}ppe 1973 ; DEGi%‘]‘] QJD%LPJQ{-E ﬂm‘? %}( Divect. DcSi"a'n

Metnod © An ofifice Buflcfiﬂg is plamed using a £t pldde | B
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I3 Shaor Design in Pkt Plates and Flak Slavs -

When tmuwcé)u slabs awe suppavted diﬁd_.b by codumns, 1§
as in Hat slobs and et P,&IEESJ ae when slobs gy - ’1'
Centrated Joads,as 'm :%OJUT)BS shear e the colupms 1S |
of cwitical (mpartance. -

0., Sdabs Without Specidl shea feindicement

o0 kinds of shame may be. cvitical m the design of At

shbs , £lt plates, ow footngs, |

A 55‘-‘1’*’“ FE’P‘?___%E The first is the Fomiliap !DGIm-JEfPC F

Sheqp Jeqcliﬂﬂ o dn’ucar:mol fensian Jailure.

o Appffeubje qua*h"culuméy 1o ﬁm«a NORrow SWbs g :Fooﬁrﬁﬁj
this tmu%xais considers the shb 1o act as a wide bﬁﬂ'fﬂ,
‘S‘pq‘i‘rniﬂca betuleen mppoﬁ'i;ﬁ P“E”G"\lfded J:y 'H'JE pewpendiculq?
colemm Shﬂips.

o A potentiol d!’flﬁami cyack extends i a Pgm'}e QCPOSS
the entire width Ao of e shab.

*» The cpitical sectiqn s taken a distance d  Jram the

fce of the colom or cpial

* [he df:siarn sheqp ‘5‘[1@18{}1 ‘b\{-_ must be ot JCBS'I: ecgg.mi
o the Wiﬁd S‘h’eﬂaU'l N el frctored Jeads.




* The namimal shege sia-enﬁ»’ch Vo = 20WI byd mbﬂ'ﬁe:
Ow 15 equal to the pand width 1, |

"3"_ I%”Qh'ﬂa Shear A}E&Wﬁ‘bwﬂaﬂ, faikre ™May oceur Jf)ou
Pumhfnﬁ be:qwj with the pc!:@rﬁoﬂ diaﬁanai emck a%llﬁunca
the surface of o truncded cane o pyvamid aramd the
cofum, capitl o dpop pand as shoen in Fig 18.21a
* The Jailure susfoce edends a@ﬁrm the botlom Q{P‘&xe 5%
at e suppart  diaganally upward 1o the fop supdace .
* The u'nca{’e of melinaian with the hﬂ!’fzcﬂjﬁ:&, § deperds e
the e and amoott of Yeinfarcement. i the 519}3 It
| Ty ange belween about 20 & 45°

FIGURE 13.21
Failure surface defined by
punching shear.
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» The ‘eriical section” Jom sheap is taken perpendicuiar o
the plane of the slab and o distance £ G the pesi-
P}’f@ of the Suppat | as shawn I fig 1321 b

* The sheap farce \ to be wesisted aan be calevlated
as the totol fdored Joad on the aea bomded by pad
ceviteplines qmmmdﬂwe mﬁu*mn less the {oad QPPJ"GCJ
within the @ea dediped %‘ the cpitical Shear W“@
unless i Wi{-"fm{ maments must be teasfewed Fos)
‘ﬁ')e S.qu o ﬁ\r: eolumn.

® [ slabs supported by cokumms huwm@ a watio of Jcmcd
to shast sides Mot %recrﬁym-&)qn 2 the raminal. shear
‘5‘]:393‘13{}) Tﬂ%‘)ﬂ }31:. '@keﬂ GJ;JQL'EOJ

W= 4 B bd
where, b, = the pevimeter aﬂm\a the cpiticd sectiay
2 = the light-weight conorete Suctor

* The desiﬂn Shf*mﬁ{h is taken as $\e ,wheve, =075
Joe shear. The basic vequyern ent. s AT




* Fop columms with 'ﬂm—ﬁc&mﬂtﬂﬂ.ﬁa “oss-sectians the
ACI Code mdicates that the pﬁ"sﬂimel:ev b, must be of win.
wum dewgth, bt veed mot approoch closer than 4 1o the
Perimelee of the veaction wed. The mamwer oa@deaf‘r*m;ﬁ
fhe. cwiticol pemmeter b, qnd the wtic B o such iPresuly
Seppart m:lq"ﬂuﬁ‘aﬁoﬂﬁ s MNustrated m F"ﬂ 13.23,
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Types of Shear Reinforcement

Special shear reinforcement is often used at the supports for flat plates, and sometimes
for flat slabs as well. It may take several forms. A few common types are shown
in Fig. 13.24.

The shearheads shown in Fig. 13.24a and ¢ consist of standard structural steel
shapes embedded in the slab and projecting beyond the column. They serve to increase
the cffective perimeter b of the critical section for shear In addition, they may
contribute to the negative bending resistance of the slab. The reinforcement shown in
Fig. 13.24a is particularly suited for use with concrete columns. It consists of short
lengths of I or wide-flange beams, cut and welded at the crossing point so that the
arms are continuous through the column. Normal negative slab reinforcement passes
over the top of the structural steel, while bottom bars are stopped short of the
shearhead. Column bars pass vertically at the corners of the column. The effectiveness
of this type of shearhead has been documented by tests by Corley and Hawkins
(Ref, 13.18). The channel frame in Fig. 13.24¢ is very similar in its action, but is
adapted for use with steel columns. The bent-bar arrangement in Fig. 13.24b is suited
for use with concrete columns. The bars are usually bent at 45° across the potential
diagonal tension crack, and extend along the bottom of the slab a distance sufficient
to develop their strength by bond. The flanged collar in Fig. 13.24d is designed mainly
for use with lift-slab construction (see Chapter 18). It consists of a flat bottom plate
with vertical stiffening ribs. It may incorporate sockets for lifting rods, and usually is
used in conjunction with shear pads welded directly to the column surfaces below the
collar to transfer the vertical reaction.

Another type of shear reinforcement is illustrated in Fig. 13.24e, where vertical
stirrups have been used in conjunction with supplementary horizontal bars radiating
outward in two perpendicular directions from the support, to form what are termed
integral beams contained entirely within the slab thickness. These beams act in the
same general way as the shearheads shown in Fig. 13.24a and ¢. Adequate anchorage
of the stirrups is difficult in slabs thinner than about 10 in. ACI Code 11.11.3 requires
the slab effective depth d to be at least 6 in., but not less than 16 times the diameter of

the shear reinforcement. In all cases, closed hoop stirrups should be used, with a large-

diameter horizontal bar at each bend point, and the stirrups must be terminated with a
standard hook (Ref. 13.19).

Headed shear stud reinforcement, shown in Fig. 13.24f is governed by ACI
Code 11.11.5. This consists of large-head studs welded to steel strips. The strips are
supported on wire chairs during construction to maintain the required concrete cover
to the bottom of the slab below the strip, and the usual cover is maintained over the
top of the head. Because of the positive anchorage provided by the stud head and
the steel strip, these devices are more effective, according to tests, than either the bent-
bar or integral beam reinforcement (Refs, 13.20 and 13.21). In addition, they can be

placed more easily, with less interference with other reinforcement, than other types
of shear steel.
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) 055"3'? OJG Bcnjg Bar R:m:{%mement

o IF Sl')eqnb "ﬁﬂemﬁ:m’{:‘emmjc m the Ueé:mﬂ o? bars is used
C!Tcﬁ.ls_% b) the Limit value of’ ,Qall{tp.latbd ak the

crbical sedion % {pam the suppart FQ{TEJW% be inawased
t© 6§V bd mmmﬂ o ACI Code 11.21.3.

i _IFE SBQ’.IF FQ‘S'SJECWCE th@‘&!ﬁ aanere V 5 U@:\uce&-i:{)
2 MNE bhd, ad reimfweement mus‘LF'Po\nde R the
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* The total bap mea Ay Q’ﬁ'nssmcd the cwitical sechon ot |
Gﬂope cmfaje X is E:Clﬁljcj u}:rh:ur:aec! by eq;m’uhcﬂ the ~ertical :5
companent. of the sted Jorce to tnc_ excess Shear Jarce
{5 be aceamodated -

?5/4\/335'7?0( = Vs AVA

* Where imelined shear serduseement is ol beot at fhe
Same C‘I‘S’lﬁnce from a S(IPPGI'L} N = Avﬁsmm is ot to
E&;ceed 3VE chl, qqmﬁfnﬁ +o AcI Cde 11 4 F




* The wequived crea of seimgarcement P sheqre & Bod
by trneposmg the preceding equation :

o Na- N
i @%STT}DL |

Ay

¢ Successne sections at mcreasing distmees B the support.

must be invedigaled and veimfpeement provided wheve
\, excesds P\ - _

*Onfy the coviep fhree quorters of the imclimed pastion o
the bent. bars can be covsidered effecke ™ 'B%Sis{iTﬂ dﬁff:@
and St deyelopment. Jength must be ppaided past the
ﬂﬂedﬁﬂn_ of peak shess in the sted, which s asSURa 1
be at slab oid-depth, !2‘ P



has. ihickness h= %3 i and |

shear + A Pk p@q& oo

is suppartsd by 1% in. sqpare columns spaced 20 ft an
centers eoch way. e ooy will oy o Totol fackeed
Joad of 800 Fﬁf check the Qdﬁq}lﬂ%ﬁ of e Sab in
W’esi-sﬁwﬂ Pumhinﬂ Shear at qig]epicgﬂ tesiqe lumm,
and provide shaaw seitimrcement, if needed, usmg bent £
[fxlrps_ An average ef&h\ri &QD'HT d=€n WJ te lﬁec} i

Materiad Sbtﬂcau'\s are :Exj: = §06,000 psi and i =4000 psi,

r Soll - HTJ Qn:@ 2 %)= -;1:3.5.’ & = 4 %';W
R 1‘3:;"‘1?1 74" T5")

| S, d-h-15(F5-19- @: : J
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Factoved Load, We=1.2DL+2.6LL

| 1Hu:zr'?: Wy = 300 pst (qiver)




‘The jqi‘&t Cwiticd sectian) Jenp P%WHT)? sheap (S uds\mﬁe
%_ =3 S the coluymn dace, F’E‘G\hd'ﬂﬁ Q
Sheow pesiweter f - (4-:-: f4°7=-0lg % b
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b e Bt G 1

2 24x24 ]
Vu. = 800% [29*- s o

2 11200 Ab
GTIO if MO Shequa “ﬁ'ﬁim@m'ce'ﬁ'ﬁm‘t (9 Ltse.d the des.'ﬁn s&twﬁ{h
of the shib,
Vo= P44E b, d | ,.
= 0. F5x 4 x4/4000 X 96§

=109, 2883159 ~ 1.09,300 4b

Since Vi 7 O\, | sheap vemnfimcement is vequived
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B = 8 24F hd
= 0 X5x 244000 %X 96% 6
= 54 644 15%97F =~ 54,650 1b
and so the sheaw \L o be wesisted by the vei nfarcement s,
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B Desiqn off Tiegwal B With Vertiad Stireups -

* The fipst epibcal sechon fore sheaqp design ™ the skab is
faken ot 4 Hrom the colinm Juce, as usual.

* The stiwrups, i needed @e extended adward Fom the
colurmn in Pur divections foe the {ag'caﬂ MEmar case
(tree ap two divections for extepar aw Coener cokms
vespechively ) until the concvete Aone oo Cargy the
shear, with \, =42 bd ok the second coitil section

s Within the EFian acltcjuocn{, 1o the Qoﬂumh,w%eﬁe Shfﬁm“
Yesistanee is peovided béf a. Combinaion of conerde am
steel, the. yiomind. shear S‘\zrenﬁHw \f, MUst ot exced
6 & bed accondmg to ACT Code 1111.3.

*1in this ﬁE:aiG'nJ‘f:Jnc conerete mﬁibtﬂdm is meduced t©
Vo = 2 0M/F bod.

* The secard cpitical secligy CPOSSES ech:h mfﬁfgl’ﬂﬂ beam
at a distmee < meosured outward From the Jast
 stirpup and is Jocoded so that its pewimers b, 12 4

minimum (ie.dor the typical case defined by 45 Jines

::il bekween the IYT[EED‘GQ beams ).
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* The vequired Spacing of the verica stivrups,

. \ifvtfirfcd but must not exceed 4§ > 1

with the st line of shrups ot mave than <, #ram the
C‘Glumn U@CLCE.

* The spocing of the stivrap jetas (measweed pavalle o the
Face of the coluwmm) in the Fost live of ‘sheas Teimitwceme
mMust 1ot exceed 24

* The PB"DEPETEJ of Cm(‘_hcm‘atae of the sheqp reinfue cespent
m shallw Plak ptes is cobical and cosed hoop stirmys
‘tﬁmfﬂ(ﬁﬂ(ﬂ m Standard hooks, oﬂwuboa should be provided
with mterice covner bars o improve pulloet yesistance.
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SEWPS :The &ot p.ﬂcf@ slob with %5 i total thiches
and §in effekive depth shown M quttre s eqm‘-iedta
121y Square coluypm 15 ££ on centers each dieetim.
A factored Jood of 120 kips must be transmitd o
the sloh B a %ﬂpicﬂq mtesiae colum. Qmevete and
Steel sbengths used ave, vespectively , &= 4000psi ang
%:Goooo psi Detepmime iq@ 5hazm mlm?twcemeﬁ'rt 'S
vequived f the shab, and if’ so, design hntegeal beams
wfjch_ strrups 1o cawmy the excess shear
Solt: At the cwitical sectian 'dI From the Joce of the ole
mn, Peyimejtfu’ !30: (12+ .F'_X-%)}u]r [bg;(”* zxgj‘j
=73
The design sheap S‘b’erﬂjahJ
Vi = 34 20/E hd
= Q- x4 % 1x 44000 x FLXE

— 1966 24 1b
B2 Jops
Now, $¥e < V=220 kips (giver)
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So, sheap S A S vequred.
The effective dePHW d=¢" (jush saisJies the wnimimem alld
o use ~ewhcol stErups.
The Uy Aesiqn 5&(1%% allowed,
Ny = ¢ 6 VT bod
=0 Hex x«jd}—m; X E2ZM B
~=192949.36 b
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5&55:&(-{3331% above the actual N
When shear is vesisted by cambined acliop OF cmevete and
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P\, = B 248 bod
= 0. F5x2 4000 xF2X 6
- 40983 12 b
~ 44 kips
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%, total B fecas cnre used, thus
As(proided) = (B> 027 = 088 in® at the Jipst emtical
section a distmnce 9 fom the calumn Foce .

The “a'weq},lmed SP&{‘iﬂ% ;
¢ A Tyd  0F5x0-8BEXEOX §

= = % po%e "
Wo- PN 100-41 7

S =
Howevew, the snarmum 69&@11%, Sriae %: =3 =-3" {Erorrhci;g}
So, £3 stiwrups ot a constant Smeihﬂ of 3" will be useq
Now, ﬁtwiﬁe& perimetes of the second epitical secha, at
which the conerete dope cm Camy the Shcqwj is Jound Fran

OV, = D4VFZ bod

5 100000 = O F5%4XyF000%xbx6 [ Pe=W]

i bo = 105 41"

Th's ’-a‘ec;,uires Q. I MUY pwoJccﬁcn Qf CﬁﬁCGL Scc%icm
past the Joce of the wlumm of 10i41_16j:11.35”

Four starups at 0. constant 3 Spacing aives @x¥P=12"
the Frest Beinﬂ Pﬂaced at .g :%:1-‘5”i%f 3" Boon The |
eoﬂumw CFQC'E:_




This provides o, pewmeter at the second cvihical se
tian of

b::h :@1'55;?)+3+ 5/‘};4 A rpiiag exceedfna
T =

the ’Uecplh’eﬁfﬂ{:.

houp Jﬂfﬂn’ﬁ(diﬂdl #5 bays Wil be provided inside the
awmers of each closed hﬁﬁp shwum% shown, o fn‘wfde
fmchwage of’ the sheqy wemfmree ment




Chapter 16
“Fbotings /?Td Foundatians ”
Fap F'Dﬁtmg 0@513’0 ~H;m-ee. pqmwejtf?s reed 18 be Mnown
Q%
- © 4

| | C Soi 9« Bﬁiﬁﬂﬁ Qpacity
| s aﬂﬁnqbfe l‘:eumﬂrﬂ GuPﬂ\cr{é\f'

> G, effective b earing Capacily
>a,.. ulbmate be:q"ﬁ'ﬂg capacity

Pﬂﬂﬁﬂta DES*:a‘n ™mEamsS d‘:ﬁ'@fﬂjmﬁﬂﬂ G_Z?
@ Ao = fm unfactared foad

(2) Thickness } oy A
3) Remfareement

fivea of Fockmy.

A - GDLALL+ Sell- mght s DL+1L+ WL/EL Lw}_’ W is ]
Y. adge et

DLAUR x 201 oL
Ye

5' Moo deptn of :%aﬁn? = l-m

-WC WLJ.[ 'US‘E) A =




=R n{e{emmm? Foola'ﬂa Area., the Joads WS{: be mﬂca[%
at the Jevel of the base of tre a%cﬁﬂds, (.e. at the ay
fact plome between soil and Heting. This means that §,
Wc-.'%hjc QJQ -[;bc q[%o“hncj & Su*g‘Qh&ﬂﬁG (f-c.. :gﬂ cmcl PCE‘S*H@
flftg&lfd pressure an fop of the ﬂ%oliﬂfg) st be "‘“Qj‘ictecl. :

EGL

A 'ri'.ldm!&
H:Tﬁjm

L |

) ] ' TR <

| r 150 e f e
T [y

f A IPES 7
{ S .k_l‘"-':.. HFS

EfRetive presswe ot the base of Hoting,.

=g = Yh ~ hsumed Mg of 116¢ 150p¢7
C]/e Ya /‘r el (it jﬂ%hﬂ
=4000 - 125x%x 95 |

<l jl" N « | A




® ﬂlwcys pﬁﬂr’de camﬂ:en’ gfﬂhﬂ areq ‘H“:cm *&“ficpliﬁ&::.

® prdl'ng Chmff"ﬂS!-ﬂrE '{',0 - [l E-%« 1':"-%"; g~ 6" EJD?., ;
e Most of the trme thickness is Buwssned @ Rxnéﬁrd Shear
. e ij;'; L >5 2, then Beam Shege nay govem, |
* Far assummg Effective Depth,d ,ue will use the :%Obg |

dimensions,

d(qﬁﬁl,lmt"fi) = Q"{_eﬂ%{hf’ W!dﬂ:} E}J@ fﬂojﬂlﬂBJ i I’ﬁ:bes

e.q. f» 10" x10"— d = (1_0+19 “zao0 "
® Check PLI"FIQHTﬂ Sheqe Frpst then deck Beam Shear

o Cwilical secti an faw,
Pu‘f}d'?i“na Sheay At a d.‘rsjmnc-e_ -dl ﬁrqm all 3%‘36‘3

Beam Sheap : At a distmce d Famn ol foces
* In &Gll'nﬁ, nawy) baw is Pﬂqeed m J_J:m:a DchE'J.cm
| In £t plcrff, wan bap (s pﬂqoecl in Long Drvectian
| In Ju;dt:—un()a Sﬂub! main bap s pﬂqeed m Shost Disrdion

11
|

. | 4

i i



Example 362 - Design of o s9ue oking - A cohun 15 [

Square with & = 4-ksi, remfreed with eight No.g (No.25)
bars of fy = soksi, suppssts a ded Joad of 225 kips and |
a live load of 175 kips. The soll (Fi#t) has @ unit ueiﬁh}ccxP
100 pc]e, The alloucble il pPISSWE G is 5 kips/ft2
Deskﬂ‘n Q. SquasT ﬁboji*nﬂ with base 58 below %rmde, Ltsi'n%
L= 4 ksi and Fy = oksi. | -

S0l 2 - Since the spoce deturen the bottom of e fodig and |8
the supfhee will be oCeupiad pqm’tﬂaa by Cacvele avd partly by
soik($ilt), an overage unit weight of 1004150 195pef 8
will be assumed. .;
So, effective presswre at the base of :Enldhca 58t Mﬂ‘”ﬂ"‘jﬁ,
Fe = G Yh = @QOO — 195x5) ps? ag 4375 esf \

Hence ,‘o’ecpli‘f'ec] :l%ﬂﬁﬂg areq, ﬂmﬂf : DLq:‘L
- 205+17%5) ki Ve TR
;?Amz-gﬁi--@;ﬁ ki? i = 98] 42%8 :?’CﬂL

S, base Ofl\(91-42‘86 s 0l (’yuppermﬁirg}

5 selected  frmishing o fodimy o of, A <G 7529 3

_ 95.0625
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F,G'P Sbenca{h c:|es*1fa“f"! 'H')Ei U‘lowqﬁbd W Cﬂlsed %ﬁk
a%e{md colevsn Joods is, 1 |
.Cf/ Cgaopp £ ¥ E?LL!

i --Appmld&_c}- A mop

2 Poxeesy+ L:ex1EI
D FAXNES .

¥ 230 + 530
95.0625

= 5.-¥857% kips/££*
Chee:c Joe Rmchr g Shear : Tiiol ke T offete et

d= @E’naﬁH wdﬂw) of ‘ﬁ:lojanﬁ: $1 mﬁne%
=(975+933)"
=319.5"
Hc'nce the iengﬁl Uaeﬁ)e Qmjocoi P@umeifr is,
b, =4 x(1%| o M MO0 LYy rea
=% (14 51?1'5)

= 150 '




£ : 4
a r b
:h dm?‘i"; :
| T ey '
| I .!lﬁ‘lﬁl.l
] 5 =
3'-9 : y H. Cellum
| .__._i::d—-——‘r”_'_l o |
4= gl
< > o < >
26" 195 4,125
CNEEE el :
< - 6/-9

The sheaw Jfarce cm_lc! a0 this Pfi'mﬂfifﬁ‘ be'TKd @{-l@l'b 'H?‘f’-} _
fotol upwcm:l p‘ﬁﬁssua't?_ NUS -E1a£ ap:m-;ﬁ: withim the peemeer 8

abed s,

. : e
Vo= 5 7857 Jo 35 -

: _l
13;19.5)_ ]

= #g%.5 kips B4R

:f 2LV SN AR AT b

1 R 4% 1 %4000 % 150 nl%g e
| =%39:9% kips




\ 2 29 .O%
TlTe&eatﬂn %T‘ﬁjth g, = QAR

Smce ‘H)e dEﬁ‘iﬁﬂ S‘E?b"entath @Vr:; EXQEG&E &t ﬁ@*ﬂi"&l é"mtll:
Vuz, e depth, d-10.5" is odeq/uajl;ﬂ faw F“mhmﬂ 5176““'
Cheok Far Beam -Shear : The factmed shcaw acting a 'r.
Seciay ef ot a distance d=12 5" Ham the Cﬁjtﬁfm 56:&:

Vs G, Hres :r%nﬁnrﬂ qrea oulside that sectian

= 5. E . ‘ f-_. 16-5"
Z85F % 9.75 % (4-125 L )

= 141.0264 kips

& the T‘lcminal Shear s{:nenﬂbl; is)
Ve = 2WE bwc{ | |
= ékikﬁﬁﬁ x(ﬁ.?s’xn}x 12-5° |

1000
= 2%8- 9895 kips .id o

%o, the df's‘*'gﬂ Shear Sﬁengjglu D\ =0.39x288:5895

| =016 .44 kips

5o, desiq sheay stvength - @V, is large thn the Fetred
i;.sheccp Voo . 50 fhat d=19-5" i5 adeyuate fip Beam - shear

'_:1
- —HA




e Edﬂiﬂg moment an section qn at the colom Face,
(distame beueen m%m%ct&esdoﬁ'm‘mg‘l

MLL_.-; q_y,ux Wld'H'}
. o
5 5-185?x.9.15'xﬁ%§3

= 479.930€ f-kips ar, 5%59-1672 in-kips
_ 4¥%2.9206 fA-kips

2.

.75t
- 49.59 #-kipy £t
Now, assume, o .=2" & b=a0"
A = il o il = 0.5912 in?[dt
3 (é{y(d-__‘, D - 9%E0X(19-5-% | |
Asfy  0.5912%860 . ko

CBﬂFQSFﬂ‘{K]mﬂ: 51 :O R5 Q@gb al 0 -5 x4 X% »12_
Mu 49.22%12

2 : ‘ = 0.5%3% int/{:
*9HE-2) "5 -ox6ox(19-5 -5 2)

¢ o - fsfy _ O-STBIXNEO . 5 g433" cfose o previcus
o8sf/h ©O-B5x4x12 assmdian

Kevised A

Now A AS(‘\:ENP& S}Tanﬂ}{a@ = 0-0018 b't

S(min)




1 Fée conciete. covtact with ﬁmmd,. G YNPHITOUED Qﬁ“ﬁ’@

3" s ﬁfecwmd S Copr 051D pﬁ‘OJII’CJﬂGﬂ

With, d=19-8" msum:l $rssn the P of the U%C‘ﬁ“g‘b

the center of the uppe? Jayer of bars , e Yool thickmn

of the Jooking that s *@eqruired; o . |
{=-149.54 3 Sy 4FE 04" ~9'-0"

So, ’45@;}.@ =0-0013bt =0 +001'%§. 19%24"

- o.5124 in*ldt

:Hm; AS(W;,@A) b ASGTH'{}J st

Peovide #H T bays with Sf’ﬂﬂﬁ'}% = 2':1:3111 - ‘4955 "cle.

Lo _- ‘ ::_:LQ"_cfc
So,use H ¥ bars @12" ¢l [Aﬁwﬂjj 10- # 7 bavs]|
n _bn.'H') dr-fecjagm | ~






Emﬁfﬁfé 16.3 ¢ DEEiﬂ‘HOZI@Q Combimed %diﬂg SQPPWHﬂﬂ ane

extepior and owe mteviar Column - An exterigr 24x1% in.
columm with D =130 kips, L =130 kips and an intewi of
24 % 24 m. column with D =250 kips ,L =200 kips goe to be
HiPPCE"l_Ec] an a. cam bined E’tc:'b,lmaulcrﬁ‘-‘ n%n‘ﬁnaﬁ (;Jl'\use 0\[&.’6’ |
end canmot proteude beyand the outer Face of the extssior
colunm. The dislamce center 1o center of colurms is 18
and the allowable becrm“% pressiye of the soillis Go00psf
The botlom of the oting is 3t befo grede and a. suches
of 100 psf is spelci.ﬁ'ed on the surdce . Deslgn the &OJE"H_‘?“”

/= 3000 psi_and $=60,000 psi.

(A704130) =306 %

L - 180 i
24"%{} -G ) | v l;-rl ||
f - vl
i A |
R TR ) T Ay |
< | X - —



Sol2: The space betweeD the bottom OF ? the oot 2@

.' Surfhce- will be oceupied pavtly &%‘j JGT,%
" coverete. dloar) anid paﬁkp by e kil

A‘n Cl‘vﬂ‘tlge umit WEtcaht Df GSG'HGEDW 125 PCf Can EE\

assamed .
Now, Effechve Iqﬂmﬁhje kﬁﬂmma | pressure at base m@%dmj
9= s Yh - Swdurge b
= 6000 -@;xmj— 100 r’lOO osf’ fap Sur{r}m?ﬂf_ G-JEJ N
|

) = 51_50 P_sa@ Su*ﬁ”‘*uce i
_ |
Nocw, “recg;umd @eq, Aﬁff Gﬁf qQ: jﬂuds |
e' I!
= (f-_]‘-io'f‘ 130+ 250+ 9_(}0) [(IPS
5.150 ks
= 145.63 £t*

Te vesudmt of the columm doads is Jocated Fam He

ceﬂlﬂ‘ of the extesiqr colunm a distance,
Load an Intesiae Colmm x Cje distance betyween C'G»PUWS

K "]
Total Joad op Columms

_ [250+4200) %13
2504200+ 1104120

= 10-8°




_ indh Ao 03
o g LY |

Hence, the length of foling, = 2% (e C‘w{imm)

= 2% (10-%4 ___18

239
=23.17 [Canwtbe wounded |
because of Pﬁ"qfl""%j
line sesiicians |
The *B"EEPLUFEd Wt'd'H'?, b‘—: A‘FL = 1:_':'2?3 = 630

=~ 5.9 g g”

S&eﬂa":h des}cdn m Lamaittdina[ Divectioy -
The ek upward pressure caused by the factored colnn Joods
15 Pk pr A1 QL
G = |
A ppovided
7 .2x(1¥0+250)+ 1.6‘><(1'3ﬂ+909)
OR3AXNB-5

= ¢ amkips/FL*
“mem the et upward pressure pep Jiveew foot. im the -

.imdinoﬂ divecti oy r'ﬁ(@-%'ihﬁﬁ) - 44675 kips/ St

. |
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‘The maamu ﬂeaqhw mament: between H‘}e Q&_QUWS
occurs ot e 'sectian of zero .shear
ek, » be the distmee fRam the auter edrﬂeof-ﬁqe extesior
alumn fo this secion. Then,
V- = 44,875 % ~4,12,900.

> 0 = 44 §F5x ~412000

‘o = g 99923
The mamen{ a this section is

[-145?5 xL 412000(9 2020 T)]x 12
=~ 130891796 31in-Lb "
The mament at the I‘-'ftahf ed@e c:.f ‘H’E mlemm*c:oium IS,
Mg = wu-g_ = |
:EV;&'KS x@ R12
-3008191.125 m-1b

ﬁﬂ‘l(ﬂ \{CL',UE U:F d {@ﬂ‘lﬂﬁl-} Wrd‘l:h)o\]@ ]%o'lmﬂm In[}}'fs]x 105

(5 5429 1)*&1 25

=99.8"%1 45
~. & 30"K1.25

- = 8%.5"



g

|

Firom fhe. sheap diagpam iis seeo ok the. cuitial sl
v Peperol shear cocurs at @ distonce. d b e left
of the foft fice of the mitenor colurm (wor™ shear ot
o diskance ‘d * Bom ceither calums) . |

At that Pcl'"ﬂjcj'the factored shear s,

3F:5" e
V, =3809281.29-—335 x44 635

= 0413%1.8%5 Lb
& the design shear F’:mvgﬂ')
VAR TN
= 0-F5%2%1%/2000:% (§:5%12)x 3%-5
weio4e918 2F01lb S L ’
Heve, 9V, > N\, indfecﬂiﬂg that d=37:5"is odeguate
ﬁd&iﬁﬁnaﬂj, as m-.‘amcﬂje :%ohnﬂsj pum}amﬂ shear shoula |
be dhecked on a. pewimetep section g distmee 4 geomd
fhe cnlumm an wh'ejﬁ H}e, - s |
Namnal sheap stess, Vc?"c?m
| L"!"":#;inm

f ; =I219_09 Psi




0f the Ttwo ccaﬂumﬂs, the extesiar mne with o Hyee-sided
7 pepﬁnetﬂ? i 8 diS{nﬂC‘E —% a@mrn 'H\-e colum-n ig_mm Q:Eé,ﬁ(ﬁi |
n T‘Eﬂ&‘f‘d 1':0 'I:his ptmehincd ﬁhem‘_ “The pas-nnekw IS,

I . Ta e I L]
b, = 2.&[1:3 ny EE"E] + [24 "+ 35 ] =26 15+ 625

=135" or, 321,85
and, the.sheefiree being the ok Jood minus e soll |
pPressure. within the ;:Eﬁ'irne&:? S,

2 -FI X €15
\/. = 412000 —( x 6§BKR £
L 1 M ) 4

= 304196.2172 1b

On the othes: hand, the: design shewr streth gn the pesmeter |

SE'GEG‘H i

0 s ¢ v. b.d

Ve 0-.7539__19‘39 k@l.flﬁx 12)% 33.5 "
. =831%857 24338 1b

‘considerably Javeer Hhan the Joctwed  shear Vu:
~ With d - 375 and with 3.5" cover draw Yhe center of the
bars 1o the Top surfuce :of."'-}j_ﬁe'_%oﬁng, the totok thickness

is, € .—--Q_as‘i-s-fa-y =41"



)_e-t 6=k okl bfﬁ_-ﬁf

My - _ 120821%2. €3 iny
Regui A 30
C'q,u re& 9}5’& SLASYR é::; ¢~%Cd 2) 0 9%E0X (3? 5- Jx]m

- 9.5541 in*

l | ...__ 0 .5541 1'|'I
TSt '

- 1.4699 in/{t

12% 10
1 4699

=73 18 ele
=iRun-nip

Use #9bars @ 8" e [Or, 20~ #9 barsJas Bp bars.

har the postion of the Jongitudimal beam that cntilevers

“ibeyond the Frterice coluwn, My = 9008191225 [ At wipt 7]
- s

fravide #9 bars with sp-'ieincd =

let a=1" & b=6.5

Requi dsﬁdm Aoe M 3008191.125
oo é%'(d %j Qg 35:5000@(33’5 7)

I:P EELS . N251. 8856 in”

A ;

Cﬂm-cspcmdr*r? = .—_Hxi_.. il 1.5056%X60 .-0-455*1"

| 0-8s b G“BSHGX@E %12)

'.-,‘ :\ﬂ{h -:-.":'F' {;{\_ 1., .rl-l .I?1 | Qﬂc& :
| B A - QsSum

' 9 1 5056 l'ﬂ

G R P F = 023180t

-—‘i (b"Hmj i < N




s As@m}: Aﬁ[ﬁ"f’&dﬁw) =0-0018 bt
. =0-0018x12X41

=0-856 " [Ft

A's (bottom) < At-sm;,g
So_ pyeavide IMIMUM seinfarcement. ot the botiomof cokam.
5112 - 513" ¢cle.

P‘n"mlde #7b&!’"5 wl-\:\jspogma m_

o R.0"Cle

[Ov, 10~ #7¥ baas Jas Btk brs

S‘D U-.SE -ﬁ_"? bﬂTS @ %IIC
@#B@‘?ﬁ Ay & '\J#.{@%”c’ﬁh |
@#'T@%”oic_ . @#?3 “'x‘"




DEG‘iﬂ"ﬂ of {:mﬁs*rf“rse beam umdev-{nlceﬁ’iﬂm mﬁu‘mﬂ: ;
The effolive width of the transverse beam iS assamed g,
Sguadl 6 '4he width of the columm plus 4 an either sids of

the Cﬂgu'mn
So, Widlh = :3_4+2(i) 044 2% (BF5) =615 or, Sass’

| -_'lﬁe vet upword Joad per Jimear ot of the trarsvere beay

.~ €200001b_
is e 05 384 . s154 lb/£t.

The mament ot the edge of the inteviar column is, ﬁum'ﬁmm&

JﬂL Gi_g ) {II]
Mu— Wy 5 =25384-6154 % Jx-]_g_

- 239%307. 693 Lb-in

Since the tramverse bars are placed on top of the langiu-
dinol bars, the actual vdue of d femished is =375-1.0

=365
_ Le_t (1 .1 i
e ® =T /4 2227 307%-69%
ﬁ‘qu . e ¢ (d %) oggﬁﬂooﬁl(%EE'I)

= 14904 in*
d 3% 14904 x 680 39 !
(mmd q = = 0.5702.
| ™ 708D 0. w5x3xE105%22) |

L
h




RevisedisA My _ 29927207693 2 B
1 L @:Ej{d ) 76 .9x60000% (365 - CET R
As :ﬁ; s i 2 T i, e OQ’CEE'*EP‘&'E'*HE
2 Qﬁﬂ!ﬂfjdm

& g =
-~ .0-854¢b o-%sxﬂx@uslﬂ)-

2
14815 m™ 02391 R As[mm)

%, Astequired) =5 357 |
F‘#”mide}*ﬁminimm W-;;;F@cemeﬁ}; (k)] brans verse beam

USC #7 bws @ %” C;Q EGF: 8- #?bﬂﬁ]

b heamsverse beam ndew xtewds coluvom,
Wik bake =57 ) ¥ 800

Using, a= 05668 "
My 0 BO7130F% 693 il ’4%15,':;{ 3

Astrequived) = P 3y(d- 3) "0 -ox60000%(36°5 - 9—1‘5‘—)

% Aﬁ(m@
Revide, mimimum veimfmreewent Asamn =0 3856 in/st
Use, # % bars @@ "cle [ or, 5- #F bas |




- -

2012-201173
%(b) :
Froblem ; Trio trterioe colums of o bigh-rise bulding ge.
1S3t apart and each camnies DL= 500k @nd L= 514k 5,
C‘oﬂumns e 021D T msg—sec:*}:icrn,Tﬁc ooﬂurnns will be
5:UPPGF‘|L.Gd_m-1 q_aecigrrgduw.mbmed &{:mta with Qj‘mgﬁiéa
diensian foice that of the short side. The allowable soif
[:Ef:m'ﬂ(a pPressure 1S ‘8060 psf. The bottow of the n%ohnrﬂ
will be Shag below ('615‘(1(}.6_ [):51%11 the ﬁo{‘!ﬂﬂ and M'H'EFE-
migrcement with neak skdehes . £/ g ksi and %:ﬂ'ﬁkﬁi.

. DL=500 K DL=500 K
?Diﬂ o 11 =519k [1=514K
e 150 % v
PRI O, - i &
Y F’l v
vl | i <k
vam s 2.0. >




L

[ T Ei £ - ~ =
A \:5'-. \ 2 1% i) E- R AT R
%o R "‘t’ th‘: % = T, - ¥

Toial volue of d = Qm%H1+Widﬁt)GF :R‘Jo]-_incd, mches

Effctive dlowable bawing pressue at-the base gf'ﬂ%
Y= Yo -¥h :ance - 125x €] = 7250 psf |
DL+ Ll ox(sco+514) kip

B ﬁ&mﬂ e A“"P T 250 ks?

- 079 .72 £t
~ 230 £t

Now, 2ax a= Ayeq,

A On+= 280

Sps 11880

So, J_:rﬁa-};b: 32°

& Width = 2a =2%x12"= 24"
The net upward presswe coused by the factored cokrom 9@&5}

q -_L20L+1.6L _(a.2x500+ 1.6x514)x2
5 AFE(L 192%24

- 9.27%3 ksf
F’qclgred oad o0 each cokemn, £, =1.2DL+1.6 L1
=@2x500+ 1.6%514)
=14924 kip

=(12+424) i
= A6 "



14904 1422.4K

'E_'____,vlm I e

| ,+A$Aﬁxﬁn-;hxﬂl"

f".ﬁﬁi[\ﬁf—&-ﬂa-#r.fﬁfq- | |
i 5 R 5 0 4 9 O M S S
41 8- 5836 kp!’::r{
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