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I. IBfRODUOfIOI 

the design ot reinforoed, oonorete alabe has been a topi0 

ot oon~lnuou. stu., oyer the past oentur,r. Muoh controver., 

still exist. and improyed analytical and exper1.ental studie. 

continue to be prevalent withiu the protels1on. 

Several teohniques for design have been proposed and 

80me ot these hay. tound ta:vor as reoommended by the AlIeriean 

COllorete Institute (1). In their simplest tora the.e reoom­

mended methods are ted10us to use and involve a trlal-atut­

error t7pe ot procedure to oonverge on an optlm:wtl solution. 

An7 solution tor the deslgn of reinforced concrete slabs 

lnvolves man1 para.eters suoh as d1menslon8 ot length. width 

and depth, strengths and modular propert1e. ot the oonorete 

and ateel, peroentage of steel and values fo·r .ead 10a4 and 

live load. a8 well as oonditions of support and OOD8traint. 

In this thesis an evaluation is .ade ot the results of 

approxlmatel1 1200 deslgll8 tor one-way and two-wq Blabs 

.eeting the requ1rements of the .A.O.I. Oode (1). !he para­

meters haYe been ohosen to cover a wide range of praotical 

de.1gn conditions. The data resulting trom theae designs 

have been plotted using d1mens1onless parametera evaluated 

trom a dimensional analysis approaoh. Ourve. fitting the 

data proved to be oontinuous over the working range, 80 

equat10ns for the curves were davelo·ped. Data trom the 
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original designs were oompared with results computed from the 

developed equations. In ate. eB8es maximum deviat10DS of 18ss 

than three peroent were found. The average deviation tor all 

deslgns was round to be less than one peroent. 

the use of the developed equations and the plotted graphs 

18 illustrated. The development of simplified design ohart. 

1s 8ugge.~ed and discussed. 

fhe teohn1ques for the development of the equat1ons, 

graph. and oharta tor the direct design of reinforoe' eoneret. 

alabs presented in this thesis 1s unique and Buggeats wider 

application. The designs inoluded here are tor 1nterior panels 

ot oontinuous one-way and two-way slabs oulT. Equatlona. 

graphs and charta for the design of exterior panels and tor 

the complete design ot the Variou8 tYl)8S of flat slab. CaD be 

developed 1n a similar w.,. and perhaps the teohn1ques oan be 

used also tor the design of other t7pe. of structure •• 
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Ol1e-!At sll)1,1. lor Dl8.1l7 Tears one of the moat oOllmoa 

'1pe. ot fireproof floor construction hal been the so114 

one-v., reinforced oonorete slab. Under normal oondit1one 

1t 1s most suitable and most economical tor slabs ranging 

from 81x to eight and one-halt feet, although tor l1ght loads 

1t mar be eoonomioal up to 12 teet spans. (6) 

A one-way slab 18 de81gned as a reotangular shallow 

baa. with the main reinforcement extending in the ehort di­

rection on17. At right angles to the main reinforcement, 

shrinkage and. temperature reinforoement 1s provide' (4). 

It ad3aoent oontinuous spana vary by not more than 20 

percent in leng"h and the unit live load does not exo •• 4 

thre. times the unit dead load, the bending moment under uni­

form design load cond1tions ma:y be oomputed using coeffi­

c1ents given in the A .• O.I. Oode (1). 

two-ill slab,. ODe ot the popular types of floor 87stea. 

1. that ot the two-wq slab. fhi. type of slab was lntro­

duced around 1900 and design criteria have been in the pro­

cess of developing OTer the past fifty year •• 

fhis type ot slab beoome. more ettieieD.t 8.S it a'P~roaohes 

the shape ot a square. As the ratio of slde. increases to 

211, the aotion of the alab ap1jroaches that 01.' a one-wq slab. 

fhi. type ot slab 18 well suited to carr,y hee., conoentrated 
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as well as uniformly distributed load.s through plate action 

(4). Theoret1cal studie. of plate act10nwaa init1ated 1D. 

1766 by Euler (6). Huv1n~ developed hts tbeorr of the flexure 

of beams and plates, he attempted to expla1n the ton.­

producing v1brations of such sound produoing platee. It wal 

not until 1872 that interest in the problem changed from the 

question of vibrations to that of stresses and strength. 

The ,ee,rs 1912, 191~ and 1916 brought forth 6, valuable 001-

laetlan of eXB.ct or 8'Pproximate1r exaot studies of rectangu­

lar slabs supported on tour a1des. All of these BtudieB, 

e.lthough cor,oerned with the tls,t slab, served as a baai. for 

the mathemat1cal theor.y of load-stress relations tor the 

two-way slab. 

!lh. ulathelllatioal theory of the tllO-wq slab was de­

veloped 1n 1921 br Westergaard (6) but this preo1se method 

was too oumberBo" for everyday use 07 the average 4ealgaer. 

The tindings, however, have served as a basi. trom wh1ch the 

more convenient and approximate methoda, which are aummarlzed 

in ood •• and used for de81gn, have been developed. 

There are several methods tor design1Dg a two-v., slab, 

three ot whioh are presented in the A.C.I. Oode (1). Method 

2 of the Oode 18 used tor the designa in this investigation. 
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III. THE ABALYSIS TEOHlIQt1B 

The de81gn of slabs depends upon a large number ot var1-

ables wh10h makea the applloatlon of the usual analytioal 

procedures tedious. Furthermore t analyt1cs-l procedure. have 

not 78t been deyeloped to group all the pertinent Tarla,bl •• 

in one quantitative equation. Because of these oomplexiti •• , 

dimensional ana17s1s 1s used as the theoretical approach to 

develop a general qualitative expression. the UDkaown funo­

tlon ot this expression 1s theD evaluated using data tro. 

t7ploal deaigns. 

The variable. atrect1ng the slab de.lga are I1ste' 

below: 

IlIbal Varlabl, Dia'allon, 

4 effeotlve depth of alab L 

L long span length of Blab L 

S ahort span length ot slab (two-way slab) L 

to allOWable conorete stress JL-2 

t. allowable ateel stress FL-2 

Be modulus ot elastioity ot concrete PL-2 

E. modulus of elasticity ot ateel PL-2 

p percentage of tension .t •• l 

w total uniform load intenaity FL-2 

a coefficient tor determinatloa of Bo.e.t --

Some of theae variables need to be evaluated betore 

prooeeding with dimensional analysis. 
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In all design equat10ns 10 and Ea oan be oombined a8 a 

fraction E./IC wh10h 18 equal to the modular ratio n. linee 

B. 1& a conn ant • then the ratio Is/Be can be replaced 07 the 

modular rat10, n. 

the percentage of steel p oan be determine. d1rect17 1f 

the valu •• ot to. fs and n are known. the variable p 1. 

theretore redundant and need not appear. 

Ia the d881ga ot two-W&1 slabs. S mar be detinea as the 

value .L and _ = S/L may be used as a Tar1able instead of S. 

In de.lgn, normallJ d 1s unknown and all the other vari­

able. are known or may be assumed; theretor •• d mar be ex­

press.a a8 a funot1oll of the other variables and, with the 

changes suggested above, will appear as: 

• • • (1) 

Equation 1 contalna eight variable. expressed in two dimen­

sions, foroe and length, and therefore oan be reduoed to all 

equation with six dimensionless parameters. the Yar1able. 

ot equ.at1on 1 may be combined in several ways to form lIany 

seta of dimensionless parameters. On8 8et of param.eters 1. 

seleoted to appear in the funotional equation below: 

• • • (2) 

the 'Varieble II oan be omitted it the function t2 1a eY'alua:ted 

tor each. value aeparate17. Equation 2. therefore. reduce. 
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tOI 

• • • (3) 

'or 8lS7 partioular span and tor the cr1tical lIoment within 

that span the coefficient a 18 praotically CODstant tor the 

deal,ll of one-lfS7 slabs. !l.'he ooeffioient a 1m also oonst8l1t 

tor anT give. value of • in the Case ot two-war Blab.. 10-

corcllngl1, the coerfioient 0 1Ia1' be omitted trom the equation 

and equation 3 reduce. tOI 

• • • (4) 

lquatlo11 4 1s indeed general in that it oontains all the 

neoeasa17 variables to define the procedure of 4e.lgD tor 

one-way end two-vq slaba. Equation 3 Jl87 then be written 

in the following tora. 

• •• (5) 

where1C.,. 7C2. 7t3, and](4 represent Lid, l1, fa/to and fl/w, 

respectively. fhe variable.]( 1, 1\2, JC, all" ]C4are dimension­

less and basically independent in that none ot them oan be 

derived trom the others. !his independence implies that the 

or1ginal var1ables in equation 1 are all independent and 

none are redundant. The nature ot the fUnotion 14 18 deter­

m1ned trom tbe available data. 
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IV. DEIIGI DAtA 

A. Range of Variables. 

the data were obtained by d •• igning one-way and two-v., 

slabs us1ng •• veral values ot eaoh variable within reasonable 

working r811ge8. !he following value. tor par8.lletar8 were 

usedl 

Jl :::: 10, 12, 15 

ta/to = 20, 25, 32 

t./v :: 20 to 200 

fhe •• represented •• leoted value. ot the independent vari­

abl •• a8 tollows: 

D ::: 10, 12, 15 

f. ::: 16000, 18000, 20000 pal 

to :: 500 to 1000 psi 

WL :: 50, lOa, 200, 400 pet 

L :: 5. 10, 15, 20 teet (tor one-v., slaba) 

L :: 10, 15, 20, 35 teet (tor two-wq slabs) 

aiL:::: 0.50, 0.75, 1.00 (tor two-vaT slabs) 

A total ot 588 one-wS7 slabs and 612 two-wq alabs were 

deligned. Values at fa/to had been cho.en to provide a 

reasonable range ot values of ta. In some O~U!e8 the 8eleo­

tioD was ver,y conservative and in a tew oa8e8 to waa larger 
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than that permitted by the A.O.I. 00d8. Values ot to/tc' 

ranged trom 0.20 to 0.92 based on the 1963 A.C.I. 0048, and 

tro. 0.17 to 0.50 based on the 1956 A.C.I. Oode. 

In a tew cases with high strength ooncrete and short 

spane, additional values of live load. WL. of 500 pst and 

1000 pet were u8ed. 

Values of r./v were not eelected, but were oaloulate' 

atter depths and total loads had been calculate4. 

Selected data are tabulated in Table. 1 through /4. 1n 

the Appendix. All data haTe been plotte' on figures 1 

through 12 1n the Appendix. 

B. Deslgn Methods. 

the oomplete d.81ga ot a concrete slab w1th give. span 

dlmens10ns to support a given live load require. the deter­

minatlon ot the thickn ••• ot the slab and the amoUllts and 

spaeing of relnforo1n, ateel both top and botte. in both 

direction.. GenerallY the slab thickne.s 18 the .inlau. 

value that will support the maxlllW1 deslgn bending Bloment. 

pOl1tlve or negatlY8, without producing stresses 111 the con­

crete or the steel in exoeS8 of specified limits. 

The solutions here presented are obta1ned by the alastie 

theoq technlque'a.lld ln accordanoe with the recoJlllenda:tloJlB 

ot the A.O.I. Oode (1), Section 904 tor one.YaT slabs an4 

Seotion A2002 tor two-way slabs. 
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'or the purpose of this study. on17 partial designs are 

present... First, on17 Interior panels ot oont1nuous COll­

struotion are oons1dered. !he deslgn of exterior panels 

would oonstitute a separate studT. Second, only the thick­

Bess ot slab and amount of tensile reintorcinl steel at the 

seotion ot max1.wa moment 18 determined. A. cOllplete steel 

sohedule has not been prepared. 

!he design prooedure conststs ot the following step", 

1. Assume a sle,b thickness end oaloulate dead load 

and 'tota.l load. 

2. Determine the maxlaua bend1ng on a twelve-inch 

wlde strip us1ng the ooeffioients given 1n the 

A.O.I. Oode. 

',. Oaloulat. the value of Ii for the specifiea 

.ater1als 

R = tc/2 jIt 

where k = nt, and l = 1 _ k 
nto + fa "3 

Values ot 3. it, p, and R have been tabulated (8) 

for ma.q oombinations ot n. t. end to and need 

not be 1noluded 1n the des1gn equations. 

4. Oalculate d and t. 

t = d + 1.12* (for one-vaT slabs) 

t = d + 1.38* (for two-v., slabs) 

* Bu •• rlcai value. depend upon the size ot 
reinforoing bar. and the concrete cover required. 
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5. Check the oaloulated t aga1nst the &s8uaed t. 

It a difference oocurl, nasu •• a new thicKness 

and repeat steps 1 througb 5. 

6. Oaloulate the maximWA shear V and the IIl.lau. 

slab depth d and thickness t to support it. 

, WL =, 
where v :: 2W. 

V 
d:: i2V 

7. Determine the mlnlaua slab thiok.e.s a8 restricted 

by the A.O.I. Oode, Seotion 909 (b) tor one-war 

,labs, Seotion 2002 <e> tor two-w$Y Ilabs. 

B. Select the largest value tor t trom ateps 4, 6, 

and 7. 

9. Oalcule..t. the 8.moUllt of tensile reinforcing ateel, 

A., per foot of width. 

o. lample Oomputations. 

1. One-way sleb panel (1nterior) 

Givells L = 20' 

1ft :::: 100 pst 

n -= 10 

to =: 1050 psl (specified allowable) 

f8 :: 16000 psl 



Assume: t:: 8" 

WL :: 100 pst 

W :: 200 pst 

14 

X -rl (200)(20)2 = 7270 Ib.tt. 

k = 0.'96 

3 :: 0.868 

It = 180 psi 

d :: fUiOIlij :: 6.36 tt 

112(180) 
t :: 6.36 + 1.12 = 7.48", 881 7," 
V = 22Qi2Q) = 20006 

cl = lQ.QQ.... :: 1.57't 
l-~ro.oo) 

t = 1.61 + 1.12 = 2. 79 ft 
t 887 ,It 

tm1n = ~ = 6.10", say 6-3/4" '5 
Use t :: 7i", d:: 6.38 tl 

l - 7Q~(Ai) - 0 99 8q 1n Itt 
A8 - (16000 .868)(6.'8) -. ••• 

2. !wo-wB7 slab panel (interior) 

Glven: L:= 20' 

S := 15' 

11 :: 0.75 

WL = 150 pst 

n :: 12 

to := 165 psl 

f:. = 20,000 psi 



A.sswae : t:: 6 It 

liD =: 75 pst 

W :: 225 pst 

15 

t~8% = (O.051S)(225)(15)2 = 2610 lb.tt. 

k = 0.314 

j -= 0.895 

R ::: 101 psi 

d :::I2§lQ(12) :: 4.95" 
112(107) 

t = 4.95 • 1.12 :: 6.07", s81 6tH 

V = ?~~'l~l = 16901 
2 

4 :: ~. = 1.10" -iaCS3} 
t = 1.70 • 1.12 = 2.82 ff

, ear ," 

tm111 = 3.5 

tm1D = 2'20 + 15)(12) = 4.61 
180 

118e t = 61-" d '1: 5.13 

U.e #5 bars @ 10" 0.0. 
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V. AJALTSIS OF D,A1'A 

A. Pred1ct1on Equations_ 

Dimensional ana.1ys1s of the variables listed 1n Section 

III led to the tormulation ot a funotional equation (Equation 

5) involving an unknown function t._ Betore a general pre­

dlot1oD equatIon oan be formulated, the nature ot thi. un­

knoWll function must be investigated. This 1s aocomplished 

by all anu1si. of the a:val1able data as obtained in Seotlon 

IV. 

It there are n pi-terms (n ~ 2) in tbe functional equa­

tlon, then n - 1 oomponent aqua.tlona must exlst (see Reter­

enoe 5). Each of these oomponent equat10ns 1s 8 part ot the 

general predictIon equ&'tlon. Oomponent equations are found 

by expressing the dependent varlable,AI , as a funotion or all 

other pi-teras, success1vely holding constant all term. on 

the r1ght aide except one and ooserving the etfect ot th1s 

var1able on the dependent variable. 

fhe equivalent equat10n (Equation 5) oontains tour pi­

teras. Therefore there are three oomponent equat iona. The 

proper oombination of these three equations then lora. the 

general prediotion equation. 

The date. from the several designs of. slabs Was reduced 

to the dimensionless form of the parameters expressed as 

pi-term •• name17: Lid, n, fa/to and r./w. All of the data 
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has been plotted on Figures 1 th=ough 12 as derived on the 

basis of strength. No provision was made to aocount for 

oontrol of deflections. 

For the solution of the first component equation,X:3 

and Jr4 remained cOllstant and a relatiOl1 Was developed for;r 1 

a8 a funotion ot;r a. This was acoomplishe', tor example, 

by letting,A3 ::: f s/fe = 25 and;r 4 :: t s/v := 100. Then, for 

the one-way sl~i,b, Lid::' 29.9, 31.4 and 33.3 when n = 10, 12 

and 15 respeotive17, from Figures 1, ;:; !llld 3. This data can 

be expressed as: 

711 ::: a(/r2)b (6) 

29.9 = a(lO)li 

31.4- :: e(12)b 

33.3 .: a(15)0 

Solving tor a and 0, algebraioally or by plott1ng on log-log 

graph paper, 

Lid: 16.21(n)O.266 

~h1e prooess must be repeated several timea selecting 

values torA3 and.if4 e,cross the range ot values that the final 

equations are expeoted to oover. A statistical evaluat10n 

must be mB,de to seleot the form of eq:ue,tloJl and numerical 

values for coefficients and exponents ths.t w11l best tit all 
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the data.* Equation (7) was aotual17 developed atter such a 

statistioal evaluation. 

In a aanner similar to that tor determln1nc Equation (1), 

letJt2 :: n :; 12 andJ(. = f./V :: 100, and using Hgure 2, 1t 

w111 be found that 

(8) 

In a s1mllar manner, letting 

](2 :: 11 :: 12 andJ( 3 :: tsltc :: 25 

and \l.8iDS 'igure 2, it will be found. that 

(9) 

Using the validity test (see Reterenoe 5), the func­

tional equat10n (Equation 5) was found to exist as e product: 

(10) 

Properl,.. ooablnlllg the oompoD.ent equations 1n multi­

plication theD. produoes the tinal equa'lon tor the one-v., 

slabs 

In a simllar sanner, the final equations for the two­

w., slab are 88 tollows: 

* the reader 1s referred to Reterence 5 tor a more 
comprehensive explanation of the process emplo7e4. 
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when a/L = 0.50 

when SIL • 0.75 

when IlL = 1.00 

Equations 11, 12, 13 and 14 thus oonstitute tinal solu­

tions relating the variable. in slab desllD.. These equatioDS 

1le.1 be used in the g1ven torm or may be expressed 111 teraa ot 

d a8 a funct10n ot L, 11. t a, to and W. Equation. 11, 12. 13 

and 14 thus expressed beoome equations 15, 16, 11 and 18 

respeotively. 

'or a one -VaT slab s 

For a two-wal slab: 

when IlL:: 0.50 

d = O.02Q16S t,O.21' wO.500 
nO• 26& t oO•17' 

when aiL :: 0 .75 

d _ Q.Qi8~t.O.2'73 ,p.500 
- n· t cO•17' 

(15) 

(16) 

(11) 
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when S/L == 1.00 

o 03190.5 f o. 273 WO. 500 
d - • s 

- nO•266 t 0.773 c 
(18) 

The ourves drawn through the data on Figures 1 through 

12 were oo.mputedfrom these equations and may be used in lieu 

of the equations. The designer should keen in mind that de­

fleotion l1mitations may oontrol the oornputs.t1on of depth. 

For one-llay slabs, Lit ~ 35 1s specified for interior con­

tinuous panels l'lhloh would mean that Lid must be less than 

about 40 to 45. This is called to the reader's attention 

by the solId horizontal line at Lid == 42 on Figures 1, 2 and 

3. 

For two-way slabS, sit ~ 45 for squa.re panels to Sit ~ 

60 for DB,nels where m =: 0.50. SolId horizontal l1nes on 

Figures 4 through 12 represent apnroxlmate upper limits for 

Sid as controlled by defleotion limitations. 

B. Illustrated Problems. 

In order to illustrate the use of the equations. the 

problems of Seotion IV-O will be solved for slab thiokness. 

1. One-we.y slab panel (interior). 

Given: L == 20' ::: 240 ft 

~lL == 100 psf 

n == 10 

fa =: 1050 Dsl 

fa ::: 16000 psi 



ASBUIl8 t t::: 8" 

WL = 100 pst 

VI = 200 pst 

21 

fhen d = (0.05128)(240)(16000)°·213 ~200)O.500 
(10)0.2&6 (1050)0.71' 

_ (O,95128)'E;ol'1~,Q5)(1!,1!) 
- (1.842)(218) 

:: 6.12" 

t = 6.12 + 1.12 ::: 7.24-, .B. ft-
The d1tterence between the two solutions 1s less than 

two perceat. 

2. fwo-w81 slab panel (iDterior). 

Given: L::: 20· 

B = 15 t = 180 

1\ = 0.15 

ilL :: 150 pst 

n :: 12 

to :: 165 psi 

is :: 20000 psl 

Asswa .. : t:: 6" 

'tiL ::: 75 pst 

W = 225 pst 



22 

:: (Q,QItQ!2)(18Q)(14,9,}(l;.OQ) 
(1.938)(110) 

:: 4.96'· 

t :: 4.96 • 1.12 :: 6.0811
• flay 6;" 

o. .Evaluation ot Re11ability. 

'or eaoh slab p~~el designed as in Section IV tor data, 

the depth « was computed again using the equations developed 

in Section V-A. Oorresponding values ot Lid tor each panel 

were comps.red and the deviation of the "'8,lu8 computed br the 

equat10n trom the value computed by conventional elastic de­

siga was computed. It was roun.d t hat the maximum deTla:tlo11 

w'as less than three percent, and there were less than one­

fourth of the deviations over two percent, and the average 

dev1ation for all designs was less thaD ODe percent. 

RandOll samples ot the oomputed Talues 8nd dev1ations 

are shown 1n tables 1 through 4 in the Appendix. 
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VI. DIsauaSION OF RESULTS AID OOBCLUSIOB' 

In this lnvest1ga,tlol1, a neW' approaoh to the design of 

slebs 1s presented. !be 8.pproaoh 1s illustrated tor interlor 

panels of contlnu.ouB cOllstruction ot one-waf stud t140-W&1 

SlAbs ttnd 1s limited to the determln~ltlon ot slab thiokness 

when span, live load e,nd m~ter1el properties are specified. 

Des1gn dots. is obte,lned by ccnv~ntlonal elastio design 

tealmlques ueing the reooDL'llend.ed. methods and cO!flt')lying t;1th 

the restriot1ona of the A.O.I. Oode. In the ORee of one-w~ 

slabs, the me.xlmum moment Was tsJren as WL2/12 for Sr~J1B of 

10 teet (A.O.I. Code Seotion 904). In the case of tWO-WL:q' 

slabs, the max1lnua. moment Was taken 8S 0.083 lfS2, 0.052 WS2 

end 0.033 WS2 where !Ii :: 0.50, 0.15 and 1.OO}re.speotlvely 

(A.O. I. Qode Seotion A2002). The da,ta is plotted end e,na­

lyzed by dimensional sluillys1s techniques. Oomponent equa­

tions B.re developed and. combined to produce effective work­

ing equations. The 118e of the equatioDs is 111ust rated, and 

an anal,s1. of the degree ot reliability of th.e equations 1. 

Jlade. the equetlons have been devalo,ped to use values of 

the variables in their usual units: ter example, t. in psi, 

W in pst, L in teet, etc. I~ it m~ be found desirable to 

use other u.nite, corresponding values tor ooet£1018at8 oan 

be caloull~.te4. 

When the data was f1rst oom:puted and. plotted, it was re­

vealing that the result. tor each type ot slab showed the 
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data restricted to a. very narrow band generating a .mooth 

continuous curve. the results appeared to be so go04 that 

an "averaging t
• type ourve was used. Subsequent oomputations 

showed extremely small deviations, thus justltr1ng the ourves 

that were used. .oraally in design 1t is desirable to seleot 

values on the conservative slde. Therefore, it would be 

recommended that in future studiea of th1s nature, considera­

tlon should be g1ven to plotting the "ourve of tlt" to skirt 

on the conservative side ot the deta rRther than to pass 

through 1t. 

It 1s 1nteresting to note that ot the 1200 deslgns u.ed 

to obtain data, depth was not limited by shear in al'17 of 

thea. Shear 1s not normall, 8. problem except tor very short 

spaDa carr"ing very heaV7 loads. 

tb.e work ot this thesis 1s investigative with the ob­

jecrtlT8 to verlf7 that the dimensional analysis approach 

could be used to develop eque.tlone t.or direct design. It 

will be observed by the sorutinizing user that mall7 refine­

ments oan be made to lnoree.se rel1ab111t:r and uaefulness ot 

the equetlons. 

It will probably be noted that the equat10ns can be 

used equally well for ansiT.1s al .ell a8 design. 

It appears that the teohnique could be ueed auooeS8-

tul17 to extend this work to include all types of exterior 

panels for the one-w87 and two-v., slabs, and perhaps to 



1nolude the design of flat sl~~bs <\<[ith and without drop p&.D.els 

and "T1th and \ilthout column oapitals. 

With further study' an<i an eTf!luat1on of oosts of materi­

al and labor. thls tecIDli{lUC might b~ used to develop en equa­

tion for the determination of: totbl cost. Ooupledw1th the 

design data, it would provide p,n exoellent tool for oompari­

son of' deslglul. 

It is inte1:'estll1g to note that the only difterenoe be­

tlfeen f:cny one of the four equations (Equation.s 15, 16, 17, 

18) c,ud snother 1s the value of the coeffioient. This sug­

gests that with further data it should be possible to oom­

bine these four equations into one. As a preliminary step, 

the v61ue of the ooetf101ent, C. 1s l)lotted ag~.1net the 

rfl.tio m in :F1gv.re 13 )::.nd may be used. ~U3 e d.e fJign ald.. It 1, 

note" also thD't the ooefficient f()r the two-lia1 slab from 

m :::: 1.00 to m :: 0.50 bec:Jmee 'pr(\gresslvel,. smaller and at 

m :: 0.50 nearly equals the coeffioient tor the one-vaT slab. 

fh~ curv. becomes asymptotio to the vertical 11D6 represent­

ing the ooeff1oient tor the one-wq slab. 

As m. t1nal step to'ward making the relults more useful, 

for both d.esign and anal1'sls. the equat ions might be pre­

sented in tt:r.bulate4 or nomographio form. In the.t o&se. an 

additional feature oould be inoorporated b7 plotting t 

ra.ther than d E;:,nd live loadW'1 rather than total load W. 
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!able 1. One-u~?y Slab 

LId trom Design va LId from Eq. 11 

lalta L ~rlL ts ts 
Lid L/d ~v. n ft. Plt kai -W 

1 2 :; 5 6 7 Eq.ll 9 
" 

10 :.~o 10 100 20 134 41.4- 41.0 1.0 
20 400 16 21.6 18.0 18.6 3.3 
15 50 20 182 46.2 47.8 3.5 

25 10 100 16 98 29.7 29.6 0.3 
15 50 18 139 33.9 35.2 3.8 
20 200 16 43 18.8 19.5 0.4 

~52 5 50 18 211 35.9 36.3 1.0 
5 50 16 i88 33.3 33.8 1.5 
5 100 18 129 27.6 as.l 1.8 

12 20 10 300 18 49 26.2 25.9 1.1 
15 100 16 90 34.2 35.3 3.2 
20 400 18 '32 20.' 21.1 1.2 

25 10 300 16 42 20.4 20.2 1.0 
10 100 18 115 .9 33.7 0.6 
15 50 20 165 39.0 40.3 3.3 

32 10 100 16 93 25.0 24.9 0.4 
15 100 16 73 21.2 22.0 3.8 
20 50 20 113 26.5 21.5 3.8 

15 20 5 150 16 88 31.2 31.4 0.5 
10 200 18 10 33.4 33.0 1.2 
15 100 18 106 39.2 40.1 3.8 

25 15 300 16 31.6 19.8 20.4 3.0 
15 100 20 112 ,4.2 35.2 2.9 
20 100 20 96.7 31.8 32.7 2.8 

32 5 50 20 250 43.8 43.4 0.9 
10 200 18 64.0 22.2 22.0 0.8 
15 100 16 76 23.2 24.0 3.5 
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table 2. Tw'o-'ia7S1ab with S/L = 0.5 

~/d tro. Des1gn ve ~4 from Eq. 12 

l;Jle S t. 1t iiI'" Di.,.. WL 
J1 ft. pat kat ~/4 Iq. 12 .~ 
1 ;: ~ 4 l 6 7. 8 2 

10 20 10 400 20 41 23.0 2}.O 0.0 
35 400 20 29 19.4 19.3 0.5 
20 aoo 18 55 26.4- 26.6 0.8 

25 10 50 20 196 42.0 42.3 0.1 
20 200 20 57 22.7 22.8 0.4 
35 400 20 26 15.5 15.5 0.3 

32 10 200 20 69 20.3 20.7 1.1 
20 100 20 78 21.6 22.0 1.9 
1,) 50 20 57.2 18.5 18.8 1.8 

12 20 10 100 20 132 4:;.2 43.2 0.0 
20 50 20 153 46.7 46.5 0.4 
35 200 20 48 26.1 26.1 0.0 

25 10 50 20 200 44.8 44.1 0.2 
20 400 20 35 18.6 18.6 0.0 
35 200 20 43 20.1 20.7 0.0 

32 10 400 20 39 16.3 16.4 0.6 
20 200 20 53.5 19.1 19.2 0.' ':1,5 
./ 100 20 49 18.1 18.2 0.6 

15 20 10 100 20 134 46.2 it6.2 0.0 
20 50 20 159 50.4 50.' 0.2 
35 100 20 74 34.4 34.3 0.3 

25 10 400 20 41 21.6 21.6 0.0 
20 50 20 140 40.0 39.8 0.5 
35 200 20 44.4- 25.5 22.4 0.4 

32 10 50 20 189 38.2 38.1 0.3 
20 100 20 86 25.7 25.6 0.4 
35 400 20 25 13.8 13.8 0.0 
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Table 3. Two-'lay Slab with S/L = 0.75 

Sid from Design VB 5/d from Eq. 13 

sId 
fs/tc 

.5 WL fa !t Dev. 
n ft. pst· ke1 5/d Eq. 13 % 

* 2 3 4 5 6 7 8 9 

10 20 10 200 20 79 40.4 39.7 1.1 
20 200 18 59 34.7 34.7 0.0 
35 400 20 32.3 25.8 25.6 0.8 

25 10 100 20 132 43.8 43.3 1.1 
20 300 16 36 22.4 22.6 0.9 
35 200 20 48.2 26.4 . 26.3 0.4 

10 200 20 73 26.4 26.7 1.0 
20 400 20 34 18.1 18.3 0.9 
35 200 20 42 20.0 20.1 0.5 

12 20 10 100 20 114 51.0 49.7 0.6 
20 200 16 52 34.4 34.4 0.0 
35 400 20 33 27 .5 27.1 1.5 

25 10 400 20 42 26.1 25.8 1.2 
20 200 18 57 30.1 29.9 0.7 
35 50 20 102 40.6 41.7 2.7 

32 10 50 20 202 46.9 46.9 0.0 
20 100 20 95 32.3 31.7 1.7 
35 200 20 44 21.9 21.6 1.1 

15 20 10 200 20 80 45.3 44.5 1.8 
20 300 18 44 33.3 33.3 0.0 
35 100 20 88 47.5 46.7 1.7 

25 20 200 18 56 31.8 31.6 0.6 
20 300 18 41 27 .4 21.2 0.7 
35 400 20 31 24 23.1 2.5 

32 10 200 20 75 30.6 30.1 1.6 
20 400 20 38 21.1 21.4 1.At. 
35 400 20 28.7 18.9 18.6 1.6 
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Table 4. Two-~fa:y- Slab "lth S/L = 1.00 

$/d from Design va ~/d from Eq. 14 

4 SId fs/fo S lflL fs 
SId 

Dev. 
n .ft. pst ks1 Eg.14 4 

1"1 

1 2 3 4 5 . 6 7 2 
10 20 10 200 20 72 48.0 48.7 1.5 

15 200 16 59 43.7 43.8 0.2 
400 16 27 29.4 29.5 0.2 

25 15 400 20 41 30.4- 30.6 0.7 
20 300 16 38 29.4 29.8 1.4 
35 400 20 33 27.3 27.5 0.8 

32 10 100 16 104 39.5 40.4 2.3 
15 200 16 54 28.5 29.1 2.1 
20 300 18 42 28.0 28.0 0.0 

12 20 15 200 20 77 52.4 52.5 0.1 
20 300 16 40 38.0 38.2 0.5 
35 200 20 61 46.8 46.8 0.0 

25 10 200 20 80 45.1 45.1 0.0 
20 300 18 44 33.4 33.6 0.6 
35 200 20 56 37.6 37.8 0.5 

32 15 50 20 142 48.9 49.5 1.2 
20 200 16 50 29.1 29.4 0.9 
35 400 20 24 19.9 20.2 1.5 

15 20 10 200 16 68 50.8 52.2 2.8 
15 200 16 61 49.4 49.4 0.0 
35 400 16 28 33.3 33.4 0.3 

25 15 100 16 100 53.6 53.5 0.2 
20 200 16 55 39.6 39.5 0.3 

100 16 68 43.7 43.9 0.5 

32 10 100 16 107 45.4- 45.5 0.2 
20 200 18 59 33.8 33.8 0.0 
35 400 16 24 21.8 21.8 0.0 
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ABSTRAOT 

In this inve.tigat1on a new approaoh to slab de811D 1. 

presented. fhi. approaoh 18 11m1ted to interior panels ot 

oontinuous 01'18-Y 87 and two-wq slabs and 18 lim1te. to the 

determination ot slab thiokness when apan, live 10a4 and 

material propert1e. are specified. 

Data 18 obtained br oonventional elastic d •• 1S. teoh­

nique. 'using the recommended methods and complT1ns with the 

A.O.I. Oode. 

Based on approximatel, 1200 des1gn8, general equatioDs 

are derived and their validity 1s teste4. 

The use ot the developed equat10DS and the plotted 

graphs 18 illustrated. 




