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slabs dndep/offlce load1ng and twelve perCent greater

than slabs undevy apartment loading. The largest
differepce in calculated incremencal deflections
occurred with an aspect ratio (8) of 1.0 because of the\
use of the line load.reduction factor with office and e

-

apartment loads. . ! ’ |

. . . L PR

Effects of dlfferent shorlng systems and different 4
//

L/vé loads on 1ncremental deflectlons ﬁor\glat plates

with § = 1.0 are compared in Flgure 5.10. Changing from
offlce to retall loadlng on slabs constructéd using a & )
2 . 3 shoring system increases 1ncr®/ental deflectlons

by six percent. Constructing an office loaded slab usingv
2+ shorlng inatead oﬁ 2 + 3 shoring. increased the ..
deflection,by eight peroEnt. This,&?eaterbeffeCt of
constructhn loads on incremental deflectlons is further
‘empha51sed when one con51ders that the retall loaded

" slab should fail by punchlng shear acCordlnq to design

calculations.

5.2,3 Geometric Properties
4 : o

* ‘The location of the minimum span-deflection ratio is

given in'Table'é.T For slabs with §f= 1. O.the minimum"e_
span deflectlon rat1o occurs at mldpanel not along the
'vcolugn str1p For aspect ratlos of 1v5 and 2 0., the mlnxmum
ratios were - foind along the :o;:mn strlps. The parameter
-study 1nd1cated that, for slabs u51ng an effectlve modulus‘

of‘rupcure of 3OVE' the max1mum deflewtlon would occur 1n

v . =

i
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Slab Parameters
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Flat Plate
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the exterior panel when' the’ slab thickness was less than the
code minimum, “and was locatéﬁ in the 1nter10r .panels thh

siabs meeting code Xequ1rements
‘ . A&

Figures 5.11 to 5.22 present the performance of the

—different types of slabs constructed usxng 2 + 3 shoring, -

J
20 MPa goncrete, under offlce loads with f 30;/1"
/ : & {

5.2.3.1 Flat Plates
Figares 5.11 and 5.12 show the bétfotmance of flat.
plates simulated in the study. when conqideringA °
. calchlated incremental defleetions, from two months to<
five years, and total detiections-at five years. The \
shaded areas highlight the regiohs‘whereuthe calculated
deflections exceed the deflection limits indicated. =
Calculated incremental- deflections shown in ?igure 5.11
~ exceed the deflection 1§£3t‘of Z;% when the panel a&pect
ratio () is equal to 1.0 and the slab'thiekhess is less
than 1.03 times the code minimum thickness (h ). This is
Jalso thejcase when the thickness is -90h andtﬁ,lees
thanaJ.S.~Simulatiqns.indicated that h ~would éatisfy S
’ .vthe5deflection limits for B greater than J.i.‘IhEall
A_caées -90h Vouldimeet the defléction limit of'—ﬁg '

Flgure 5. 12 shows calFulated total deflectlons of

{
n

526~"
when the thlckness 1s 1. 10hm 1f»ﬁ 1.0 and 1f = 2.0

the flat plates only satxsfy the deflectlon 11m1t

whén the thﬁcknessﬁwas .90hm. Flat plates w1ll meet the .

deflectioa limit_fervh if g is greater than 1 3

! e S
' §



I

825.0

550.0
1

>

Span-Deflection Ratio (In/Ainc)

2750
|

: Fxgure 5 11 M1n1mum Span Calculated Inéremental Deflect1on

Rat1os of\Flat Plates Analys

F

Slab Deflectlons Presented |

855
. Th'ckn |

‘\
xR
(e}

|

i T T 1

‘FP**2420~

* see axes

[

ed

3:A -

toe

s

79 -

, ,’&'._.

~



- : o X . e
. . - . .

500.0

L

375.0

250.0
1

125.0
L

Span-Deflection Ratio (In/Atot)

P
// . S Slab Deflect1ons Pre-sented
)/ T o _ FP:*x:%:2.4:; 20¢.3 A.
S ~ ‘ . * see axes
T . : \ . . -
v ' BRI Sl '.°7J

7.

F1gure 5 12 Mlnlmum Span Calculated Total Deflectxﬁn Rat:os
of Plat Plates Analysed

80



P

~

81

5.2t3{2’Flat Plates with Edge Beams

Figures 5.13 to 5.15 prese%tﬂcalculated deflections
of flat plates, @ =‘1.0, witﬁ'edge beams. Calculated
incremental deflections for slagﬁ‘with edge beams with a

beam slab stiffness ratiég(a) gredater than 0.8 exceeded
. £ :
the deflection limit of D but not -2. Calculated
R 480 ~. 240
total deflections (Figure 5.14) also exceed the
. . -
deflection limit when a is greater than 0.8. Figure 5.15

shows the effect of edge beams on calculated incremental
. T N

deflections for slabs with various thickness. The .

-~ minimum span-deflection ratio increased with stiffer

beade.“The greatest»imprbvement, an increase of eleven

percent, occurred when a increased from;OFO to 0.8. The
difference betweeu calculated minimum ratios when a=2.0
and a=3,0 was less than p01nt two percent and decreased

0
sl;ghtly when the slab thlckness was 145 or 160 mm.

;Although the inclusion of edge beams improve the

serv1ceab111ty of - flat plates the 1mprovement is less

,.

than predlcte by the code.& .
/‘\ o

~

Reasons for ‘the h{61mal change; in minim m - Ry

calculated span-= detlectlon rat1os w1th st1ffsr edge

- Fr-
_ beams are expla1ned in Flgures 5 16 ‘and 5.17. The

f1gu2rs show calculated deflectlons of slabs

FP:160:1.0: 2 4 zo..3 A and BP:160:0.8:2.4: 20..3 : A under-?
constructlon loads. The 1nc1u51on of edge beams (Flgure’ -

5.17) decreases the calculated deflectlens of the

:vexterlor panel but ;ncreases thevdeflect1ons of the
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int& ior panel. Therefore the inclusion of edge beams
will decrease the calculatedvaeflectione of exterior
panels but increase the deflections of interior panels.
Since the interior and exterior deflections were cf
similar magnitude with no €dge beams, the overall
improvement in performance is not significant and 1in

some cases poorer.

5.2.3.3 flat Slabs Qith Dron Panels-

CAN3 A23.3 permits the slab thickness to be reduced
by ten percent if drop panels are included in the slab‘
coniiguration. Figure 5.18 illustrates the predicted
performance Qf this type of slab. The results indicate
that whenfhm (including reduction for drop‘panels) is

" used, the slab would satisfy the incremental deflection

¢ :
limit 483 when  is greater than 1.3. The fiqure also
: indicates that when B= 1.0 the slab must be eight

. percent thicker than code minimum to satisfy the

deflection limit. When f= 2.0, .90hm would be
satisfactory.
The performance of this type of slab when

considering calculated total deflectlons is shqwn in

Figure 5. 19 The figure 1nd1cates three major p01nts

. -

They are; a) the,slab,must be thicker than .10hm to
_ S . o o 3
-satisfy the deflection limit when 8 = 1.0, b) .95hm

‘:WOUld'be satisfactdrf when 8 = 2,0 and ¢) the minimum

Vcode thickness will meet the deflectlon 11m1t when B is

e

.greater than 1. 5
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The study also investigated ways/of decreasing the
calculated deflecti@ﬁs‘of slabs with drop panels. The |
investigation cbnsidered'the effect 6f iﬁcreasing ghe
relative thickness ¢@f ‘the drdp panels. Figure 5.%0 shows
the effect on incremental deflections when g = {;Oj If
the‘drop panel thickne;s wasjincreased.to 1.5h from
1.25h thékcalculated\iﬁérémentad défl?ctions wou}d
satisfy E@%' and in the gase’of'total deflegtion; the
drop panels‘wduld héve to be 1.65h" (Figure 5.2“) to

'
'

providg acceptable results.

N

5.3 Hiscussion

-

‘Results. of the parameter study have identified two AV

. n ~‘F .
variables which have a significant effect on the slab's

performance but are not considered in CAN3 AZ3.3 minimum
thickness provisions for slabs without beams. CAN3 A23.3 ,
does not account for either the concrete strength or the

aspect iFtio of.the-panel.'Equgtibns 5-1 and 5-2 could be’
IR N . ' :

used as modification factors with the present CAN3 A23.3

minimum thickness equations to provide more consistent

/ - ’ N

7

deflection results.

PN

C B o . ' : ‘ . . \ S
K 1 1 . , : S /}v> P
hﬁ = (E)% hj;o‘,v' ‘“t . ‘ < ' v B _‘?‘%)'

Y
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Equations 5-1 and 5-2 were evaluated by comparing the

calculated span-deflection ratios from the computer
simulations of the slabs shown in Tables 5.2 and 5.3,

»

Equation 5-1 pfedicts that slabs with 30 MPa cg%Erete that
are ten percent thinner th;n slabs with 20 MPa concrete’
should have.the same calculated deflection. Table 5.2
cohpares calculated deflections of slabs, considered %i)the
study, using 20 MPa condrete with ﬁﬁose qf slabs using 30
MPa that are ten percent ;hinngr. The table indicates
calculated deflectio for these two grogps slabs are withi£
Six ercent of eéch;other.

_ Equation 5-2 predicts that the calculated deflections
of a slab with-f = 1.0 and 1.1th and a slab with § = 2.0
and .90hm Qould be the same. Table 5.3 compares<2alculated

defléctions of such slabs considered in the study. The

results indicate that Eqg. 5-2 can be used for slabs governed

by total deflections but.hot for incremental deflections,

. N g .
Although the difference in incremental deflections of the

" tyo slabs is eight percent, .the difference would affect the

slab thickness. by only three ﬁ}rcent. -

r3

'All slabs cohsidgqed in this study had constant
. | ‘ N ». .. b ’
thickness and equal long spans for all panels. When

fe=.30¢Tg was used the calculated minimum'span—déflection

ratios for the exterior and interior panels are within five

percent of eaqhhﬁther. ,

Figure 5ﬂ22‘pgésents,calchlated ihcremeﬁtél deflections

for interibr panels of flat slabs with different “zwl

\
A i
e i
~ Y | 5

>

\
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Table 5.2 Prediction of Effect of £, on SlabﬂThicﬁpfss

Slabs Compared g 1.10h h Percent
Concrete Strength fé 20 MPa - 30 MPa | Difference
FP:%:1.0:2.4:4:.3:A .I/Atot 252 256 -1.6
FP:#:1.0:2.4:#:.3:A | £/Ainc 606 604 0.3
FP:x:1.5:2.4:4:.3:A £/Atot 426 431 -1.2
FP:%:1.5:2.4:4:.3:A £/Ainc |- 1011 1002 0.9
FP:*:2.8:2.4:#:.3:A £/Atot 449 441 1.8
FP:%:2.0:2.4:#:.3:A L/Ainc 1058 1017 4.0
DP:#:1.0:2.4:#:.3:A | £/Atot 209 206 1.5
DP:%:1.0:2.4:#:.3:A 1 £/Ainc |° 514 497 3.4
DP:#:1.5:2.4:4#:.3:A | £/Atot ° 320 320 0.0
DP:*:1.5:2.4:4:.3:A £/Ainc 778 . 763 2.0
DP:%:2.0:2.4:#:.3:A £L/Atot 35& 344 4.1
DP:%:2.0:2.4:#:.3:A £/01inc 860 813 5.8
Notes: -

.- # concrete strength is specified in chart
* slab thicknesses are as follows
when f'! = 20 MPa 1.10h =195 (FP) and 210 (DP)

£, = 30 MPa h =175 (FP) and 190 (DP)

if the difference 1s negatxve the deflection is’ less
with- the thinner slab

Table"5.3lEreégction of Effect of B on Siéb Thickness

. : 7 ' ' T
Slabs Compared = . A 1.10§m .90hm Percent
Panel Aspect Ratio f§ ~| 1.0 2.0 | Difference
FP:*:#:2.4:20:.3:A - £/Atot / 252 252 : 0.0
Pr#:#:2.4:20:.3:A | £/Ainc . 606 560 _ - 8.2
DPs*:#:2.4:20:.3:A L/Atot ‘ 209 205 - 2.0
DP:*:#:2.4:20:.3:A £/Ainc -] 514 474 8.4
' Notes: : ‘ SRR

# aspect ratio is spec1f1ed im-*chart
* sTab thicknesses are as follows
when f= 1.0 1, 10h =195 (FP) and 210 (DP)

B= 2.0 0. 90h =160 (FP) anhd 175 (pp)

1f the d1fference is negatlve the deflectlonﬂns 1ess
WIth the thl@ner slab oo E
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thicknesses. For the minimum thicknesses specified by CAN3
s X £ '

- ’'n ‘ n ' .
A23.3, 33 5E (flat pl&;gl\izd 7T (flat slab with drop
panels), the incremental deflections exceed the most severe
: £
deflection limit of Eﬁ% when ﬂ?is less than 1.5. When the

~

thicknesses are increased by ten percent.to 39n and
p .

—
33.75"
limit only when f is less than 1.2,

respectively, deflections exceed the 480 deflectlon
‘»

‘Since the most sevete deflection iimit is only slightly
exceeded whenxﬁ\és between 1.0/and 1.2, a minimum thickness
of 3;2@ for tlat plates énd'§§f%§ for flat slabs with drop_
panels may be used for limiting incremental deflections to
Z;% for interior panels. These minimum thicknesses cah be
applied to exterior panels also, since the deflections are
similar. For exterior panels of flat slabs with no edge
beams these thicknesses are used as'the minimum thicknesses
under the present cede provisions.

The use of the same thickness for the minimuh
thicknesses for both interior .and exterior panels would

simplify the’code. This can-be done by replacing CAN3 A23.3

Equation 9-9 (Eqg. 2-1) by Eg.  5-3

4

,
o}
o

when f, = 400 MPa (5-3).

w
o

e

'E:Ejy1on 5-3 1s the same as the m1n1mum thxckness
qu1rement used in ACI 318 63 except that the clear span

(l ) is used 1nstead of the centre to centre span (1)
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5.4 Evaluation of "Minimum Thickness Provisions

: . .. o ) ,
“5.4.1 Live "Load. Deflectxons A
Ry v . .
‘Vﬂnﬁg_' All the-slabs 51mulated in this thesis meet the
; P (
deflectxon limit of §€6 The calculated deflectlons were at

)st one quarter of the limit. LA

Ed e »

#51,4..2 Incremental Deflections 3 .

ey . . ’
o

'ﬁff'Flat plates investigated/using'f = 60/?*, or having a
¥
concrete strength of- 30 MPa had calculated deflectlons less

‘(.

than the-éeflectlon Aimit of =0, all fla@ plates met the
£ ‘

11m1t of L1, Flat‘plates with'ZO-MPa concrete and f = 30/T"
240 . ( e . C

have calculated deflectlons-less than Z@ﬁ when f°is greater

a '

than .25 for all 11ve loads‘ Thps the only area 6f concern

| for flat plates would be of slabs w1th %P MPa concrete and
. ° )
B = .0 supportlng patfitions llkely to be ‘damaged- by large

o0

deflectlons Co R ' V4

Flat plates with edge beams using fe£.60sz have

29 - : : x €
“calculated deflections less than Zﬁ%' Slabs under apartment
. ¢
. loads will sat1sfy —gﬂ when a is greater than 2.0 and

congnete strength of 30 MPa. In all other casé . the
calculated deflect1ons were hetneen 5;% an!‘%ég. '
De€lections calculated for -slabs with d;op panels were
less ‘than —f% when f =.60V¥T. The calcuiated”deflections
‘xwith-f oS 30{?* were smaller than the ——% 11$1t when B was
greater than 1 3 but were between —E— and —_U w1th g less

A et

than 1 .3 for slabs with 30 And 20 MPa concrete.'
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The 1ncremental geﬁlectlons calculated in this study
_were based on an early tlme of installation of parftitions,
one week after removal of shoring, an@ aré a conservative
estimate of the slabs’ pegformahce. Better results would be
obﬁainéd if the installati?n of the partitions was delayed,
and.this time variable needs further investigation.

In summary, slabs studigﬁ in this thesis meeting the
Jcode minimum thickness satisf?ed the deflectioh liTit to
prevént damage tqQ partitions not likely to be damaged by
large deflectionF. However, wrth fé; .30!?; when g = 1.0,
these slabs dia not satisfy the limit to prevent damage to
partitions likely to be damaged by large deflections.
5;4.3‘Totai‘Deflections

Flaf plate calculated total deflections met the
n
240
deflections would exceed the limit when f = BO/TT

deflecfion limit éxcept in'the following case. The

fé = 20 MPa 'and B8 less than 1,3. When edge beams were

included in the slab configuration for f = 1.0 the

calculated deflections would exceed the deflecition limit .

except when-fe=.60MfZ. '_ ] - N N
The calculated deflections of slabs with drop panels

did not exceed the deflection limit when fe=.60VTZ, or

.f = 30;/'5T with f'=‘20 MPagand B greater than 1.5. Thé slab's

performance 1mproved when f'— 30 MPa('but the aéﬁléctioﬁs

Stlll exceed the 11m1t when B = 1.0. There sﬁoﬁld be some

concern about using slabs of mlnimum thickness with aspect
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ratios of less than 1.5.

5.5 Summary

The results of the parameter study were presented and
evaluated considering live load, incremental, and total
deflections. Results indicated that two variables not
considered by CAN3 A23.3, concrete strength and panel aspect
.ratio of the slab, had a significant effect on calculated
deffections for s;abé Qithout beams. Conclusions and
recommendations of the study are presented in the next

chapter.



6. Summary, Conclusions and Recommendations

6.1 Summary .
CAN3 A23.3 allows two methods for controlling

| deflections of slabs. Slab‘dcfléctions need not. be checked
if the slab thicknesses are larger than those specified in
the céde. If thinner slabs are used the deflections must be
calculated to ensure that thev do not exceed the . |
code-specified limits. The minimum thickﬁeséAprOVisions of
the code are based on satisfactdry pérformance of previously
Built slabs, but these thicknesses have never been checked
to see what their calculated deflections are. This
parametric study has investigated factoré affecting
deflections of Flat Plates and Flat Slabs to evaluate CAN3
minimum thickness provisions.

The study used a computer simulation to calculate
deflections of‘different types of slabs. The simulation was
aone in two parts. The first part used a finite element
program to simulate short-term defiections, which 1ncluded
,cracking of the slab. An effective modulus of rﬁptu(e of
'fef.BOVTZ was used to“accognt ﬁor the effect ofs shrinkage!oh
the slab.-The.results of this'proéram were modified in the
second part of the simulatioh, using'ACI 209 recommended

equations to simulate the long-term effects of creep,

-

shrinkage and the increasing stre?gth of the concrete. The

results of the simulation were evaluated using the

‘code-specified limits with two additional criteria. The

S - S 10@ , e
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diagonal span of the panel was considered as well as column
line span and a total deflection limit was also used.

The effects of using diffecent concrete strengths,
loads and thicknesses for a variety of rectangular slabs
were investigated indicating areas of concern with Lhe
present provisions. The parametric-study identified two
parameters which have a significant effect\on deflections
but are not considered in the present prévisions. These
parameters are the panel aspect ratio and the concrete
strength. In addition, the study shows the present
provisions afe inadequate for interior panels and
1ndent1f1es one parameter {edge beam stlffness ratio a) used
in the code that does not have as 51gn1f1cant an effect as

2

previously thought.

6.2 Conclusions
Based on the results of the parametric study the

-

following conclusions are presented.

_6w2.1/§aterial Properties

g

1. Calculated deflections of slabs analysed using
f 60/YT are 40 percent of those ‘of the same slabs
uszng f.= 30VYT
2. Calculated deflectlons of slabs analysed u51ng
'fé= 30 MPa are 75 percent of those of the same slabs

using f'= 20 MPa
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Slabs having thicknesses related by Eq. 5-1 have similar

‘calculated deflections.

1

_ 20 '
hf' = ( )4 h O . (5_])4
c c .
.2 Loading .

Construction methodology has a greater influence os slab

deflections than service live loads.

. \
Different Live Loads have little effect on calculared

) deflections.

.3 Geometric Properties

o

L

In most cases the minimum span-deflection ratio of the

slab was found in the interior bay.

Whén the‘slab panel aspect ratio () equalled 1.0 the
minimuh span-deflection ratio was found-along fhe
diagonal of the panel.

Slabs having thicknesses related by Eq. 5-2 have similar

calculated deflections.
' 1

15 : ’ ‘ ' ; '
= — } ’ -
hﬁ (ﬁ)3 ? 0 ' ' , (5-2)
Flat Slabs with’ drop panels glv1ng a total :-hickness 1.5

(

.tlmes the slab thlckness meet the —*U 1ncremental

deflectlon 11m1t

Altkhough’ Edge Beams 1mprove the mlnlmum span- deflectlon

'ratlo of exterlor panels, ‘they do not . s1gn1f1cant;y

'1mproveithe overall mlnlmum span—defJectlon,raglo of‘é

9



i deflectxons of —§U u51ng f 30szf

of

the code m1n1mum thlckness.
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slab. In square panel slabs with edge beams the minimum
span-deflection ratio occurs in the interior panel.

i -~ . - . . .
Interior and ‘exterior panels with thicknesses set using

Eq. 5-3 have satisfactory calgulated deflections.

V. ,
h = §%g whenlfy = 400 MPa (5-3)

.4 Code Deflection Limits

>

Calculated deflections meet the code deflection limits
for’ a}l slabs analysed using the code value for
_ _'_Y-‘ K3 :
fr-.GO/:C. . .Y
All slabs studied meet the deflection limit for live
load deflections. : -
D) '

All slabs studied Peet the incremental deflection limit

¢
n

240" - | - .

‘The incremental deflection limit.of Z@@ ‘was exceeded

wheﬁdf =.30/T7 and § = 1.0 by all the slabs ﬁ%lch used
?
The . 1ncrementa1 deflectlon limit of Zg— was exceeded
when f ;.30Vfé and g < 5 by all interior: panels using
the code minimum thickness

L4

All flat plates w&tﬂ edge beams studled had calculated

deflectlons that exceeded the 11m1ts for 1ncremental
1
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6.2.5 Selected Total Deflection Limit
. »
4

l o]

1. For t?e slabs studied the total deflection limit of

— N
(e

was a more restrictive limitation than an incrementa
. y, ‘
5 . N . n
o, deflection limit of 80"

2. All ‘flat plates with edge beams studied had calculated
deflections which exceeded the total deflection limit

¥4
n .
(735) using fe=.30/f;.

DR 4

Calculated total deflections exceeded the limit for

(98]
La Do

slabs of code minimum thickness using f°=.30wfz when

g = 1.0."

6.3 Recommendations for Revisions to CAN3 A23.3
Based on the results of this parametric study the
following revisions {o CAN3-A23.3 are preéented for

»

consideration.

1. Clause 9.5.3.3.1 - Eg. 9-S should be revised to Eq. 5-3
¢ | o
h = 35 -when fy = 400 MPa (5-3)

2. Clause 9.5.3.3.2. - note Cé) should be revised.to read:-
The arop paheIS'project at leaet one~-half of the slabwv
thickness below ehe slab - \'

;3.‘ Clauee 9.5.3.3. 3‘ ~-"At dlscontlnuous edges an edge béem

shall be provrded with a strffness ratio, a, not Iess

“than 0.8, or the mlnlmum th/ckness Pequrred by Eq. 9 9 .

shall be lncreased by at least ten percent in the panel

‘Lw1th the dlscontlnuous edge"
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~should be deleted
Table 9.2 -A total deflection limit should be included.

The British and Australdan Concrete Codes use a total

. .. £
deflection limit of 350" '

L4
~

Tablp 9.2 -¢ should be clearly defined as &he épan

either along t{e column line or thegdiagonal of a panel

'in two-way slab systems.

Recominendations for Design Practice

Do not decrease the slab thickness if eége beams are

used unless the interior spans are significantly

. shorter,

Use dfop panel thicknesses of 1.5 timgs the slab
thickness instead of 1.25.

Do not use less than' the code minimum thickness for
slabs‘supportihg pértitions likely to be gamaged by
large deflectioqs, with an aspect ratio less than 1.5.
Thinner«slabs th;n the code minimym thickness can be
used for suppérting partitiqns not likely to be damag?d
by large defleétibns, but there will bée a noticeable

total deflection,

Recommendations for Future Research

-~
4

."Investigatidn of the effeéts of the time of-instéllation

Of'pértitiohsL andISpan leng;h'on,slab,defleéti@hs.
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¢
Investigation into the éervibeab(lity of slabs with
beams and one-way slabs. ’
Review of present shrinkage and cfeep experimentai data
to produce more accurate time functions for thede
proberties.
Development of a finite element ,program which will

simblate the effect of normal forces as ,well as cracking

on concrete slab deflections. , R

-Investigation of the effect of slab cracking on the load

ratios developed by Grundy and Kabalia.

Development of proper load factors and ¢ factors for
design of concrete slabs under construction loads.
Experimental investigation to’vérifyvthe appropriateness
of usingﬂf.e in Branson's I, equatior for the calculation

“

of deflections of concrete members with end restraints}

4
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A.1 Excerpts from CAN3 A23.3-MB84 o~
The numbefing of sections, equetions and tables are
token directly from A23.3-M84. '
Notation
h overall thicknegs of member, mm
o | length of clear span, in the direction moments are
being determined, measured face-to-face of
supports, mm
f specified-yield strength of non-prestressed
reinforcement, MPa
a ratio of flexural stiffness of beam seﬁtion to the
flexural stiffness of a width of slab bounded
laterally by the centreline of the adjacent panel;

if any, on each side of the beam (see clause 13)

a. average value of a for all beams on the edges of a
panel‘
/« g ratio of clear spans in the long to short

direction of a two-way construction

i ratio of length of continuous edges to total

‘_J/

‘perimeter of a slab panel
9.5.3.1 - A slab thickness less than thé minmimum
ﬁhickness required by Clauses 9.5.3.2, and;9.5.3;3 may be
used, i f eshown by computatibn that deflection will.not
exceed the limits stipulated in Tabie 9;2. Deflections shall
" be computed taking into accouﬁf the éizé and shape df ﬁhe |
p?nel,*the'céaditions of suppdrt,'and the nature of

.restraints at the panel edges. For deflection computétioné,



the modulus of elasticity, EC, for concrete shall be as
specified in Clause 8.5.1. The effective moﬁent of inertia
shall be that given by Eg.(9-3); other values may be used if
the computed deflection is in reasonable agreement with
results of comprehensive tests. Additional léng-time

' deflection shall be computed in accordance with Clause
9.5.2.5.

9.5.3.2-Two-way slabs with beams between all supports

9.5.3.2.1 - The minimum thickness of slabs or other
two—way-éonstruction designed in accordance with provisions
of Clause 13, and having a ratio of long to short span not
exceeding 2 and having beams satisfying Clause 13.6.1.6J~
kbetween all‘supports, shail be'governed by Eg.(9-7), (9-8) .

and (9-9) and the other provisions of Clause 9.5.3.2.

&

f’
¢, (800 + £ /1.5)
h= ' —1 T (9-7)
36,000 + 50008Ta, - .5(1- p_J(1+1/B7
but' not less than
"¢ (800 + f /1.5) .
h n Y (9-8)

"36,000 + 5000p(1 * B_)
\
but need not be greétéf.thaﬁ Eq. 9-9.
9.5.3.2.2. *‘Féé\a panel with a a%scontinuousredge, thé' ;
beam at the discontinuous edge shall have a stiffness
‘ratib,a;1not less than\O.BO,lor the minimum thié#ness

required by Clause 9.5.3.2.1 for that panei sha11 bé,
increased by at'léaétfte ‘percent.,

N

\ . 7 L -
| : ° A §
A . R - :



¢, (800 + £ /1.5)
h = 36,000 | oY)

.

9.5.3.2.3 - The slab thickness shall not be less than:
(a) value of;am greater than or equal to 2.0... 90mm

{b) value of a. less than 2.0.. . e e nnnnnn.. 120mm

9.5.3.3 —~ Two-way slabs without beams between interior
supports |

9.5.3.3.1 - The minimum thickness of two-way‘slabs
without beams-or with beams only at discontinuous edges
designed 1n accordance with Clause 13 and having a ratio of
long to sh?rt sban not exceeding 2, sha}l be governed by Eg.
(9-9) and the other provisions of Clause 9.5.3.3.
’. 9.5.3.3.2 - For slabs with drop panels, the slab
thicé%ess calqpléted from Eq. (9-9) may be reduéed by ten
percent providea% T 1
(a) the drop panelé project at least one quarter -of the slab
thickness below the‘Slab, .
(b) phéjprép panels extend beyond the support centre-lines,
a.dgstancé in'each“direction not less than 1/6 tﬁe’ i
éentre—to*centfe span length in that direction.v i N

é.S.B.B.j :AAt discontinuous edges, an.edge beam shallé.
bg provided with a stiffness tatio;d;anot less than 0.80 , -
or ghevminimum thickness required by Eq. (%-9) shdll be

increased by at least ten percent -in the panel -with the

discontinuous edge. S~
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9.5.3.3.4 - The slab thickness shall~not be less than
(a) panels with drop panels conforming to Clause
9.5.3.3.2....100mm

(b) all other panels....... 120mm

= : ‘\\' Table 9.1

Thickness Below Vhi h De?lections Must be Computed for Non
Prestressee Beams gr One—Waf Slabs Not Supporting or
Attached to Partitions or Other Construction Likely to be

Daméged by Large Deflections

Minimum Simply One end Both Ends Cantilever

thickness , (h) supportedjcontinuous [continuous S
. . £ AR g

Solid one-way 3R % = =
slabs 20 2 24 10 ,

)

Beams or ribbed L at £ d

. 16 18.5 21
| one-way slabs N

‘Values giuen shall ‘be used directly for members with ngrmal

density‘concrete (7C = 2400 kg/m3) and Grade 400

reinfor&ment. For other conditions, the values shall be

modified as follows: |

(a) For stryctural low density concrete and structural

semi-low den51ty concrete, the values shall be'multiplied by
1.65 - 0.0003c, but not less than 1.00, where ¢ is the

dens1ty in kg/m | ;

'(b) For fy other than 400 MPa, the values shall be

¥

multlplled by (0 4 + —XU)




Table 9.2

Maximum Permissible Computed Deflections

Type of member

P

Deflection to be'
considered

Deflection]
limitation

.Jroofs not supporting or

.{construction supporting

attached to
nonstructural elements
likely to be damaged by
large deflections

Floors not supporting
or attached to ,
ndnstructural elements

large deflectlons

Roof or floor
construction supporting
or attached to
nonstructural elements
likely to be damaged by
large deflections

Roof or floor

or attached to
nonstructural elements

not likely to be

damaged by large

‘ deflectlons‘

likely to be damaged by

Immediate defleetlon
due to specified live-
load L

A

Immediate deflection
due to specified live
load L

That part of the total
deflection occurring
after ‘attachment of

nonstructural elements

(sum.of the long time

deflection due to all

'sustained loads and the

immediate deflection

due to any additional
live load)

*

180

*-Limit not intended to safeguard against pcnding.

Ponding should be checked by su1table calculat1ons of

-

deflect1on,

1nclud1ng added deflectlons due to ponded water

and con51der1ng long t1me effects of all sustalned loads

prov1szonL for dralnage.

N

L, . .
L ~-

’camber constructlon tolerances, and rel1ab111ty of

- t L1m1t may’ be exceedgd 1f adequate measures are- taken

to ptevent damage to. supported or attached elements.' .
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§~-Long-time deflections shall be determined in
accordance with Clause 9.5.2.5 or 9.5.4.4 but may be reduced
by amount of deflection calculated to occur on basis of
accepted engineering data relfting to time-deflection
characteristics of members similar to those being
considered.

«~ But not greater than tolerance provided for
nonstructural elements. Limit may be exceeded if camber is
provided so thag total deflection minus camber does nét

exceed limit.
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A.2 Excerpts from CEB-FIP Model Code MC 78 for Concrete
Structures " |
TWe numbering of sections, equations and tables are .
taken directly from CEB-FIP MC 78.

.16.2.4 Cases for which.-checking of the Deflections may

be omitted

_ A check 5h the deflections is not necéssary where the
spans or slenderness of slabs or beams do not exceed certain
valﬁes and if there is no danger of damage to surface'
finishes owing to the deflections or the rotations at the

supports.

Commentary.

For information it may be stated that checking the
defiections is not indispensable in the following cases::
(a) slabs or beams with span§ not exceeding'five meters,
(b) one or two way slabs for which slenderness ratio {£/h
does not exceed 30, |
(c) beams for which SQ/h does not exceed 25.

Values ;Lr § may be taken from table 16.1. For floor
slabs;which support partitions the behaviohr of'ﬁhich is
affected by the defiections, the latter must be checked

. unless the slenderness ratio {4£/h does not exceed }50/5(
(£ i’n"x.r.\).__ R N
Table 16.1. |

'BoUﬁdafy Conditiops - Value of §| . _i )

- 1Simply Supported 1.0
AP xterior Span S R 0.8
' Interior Span N 0.6
"‘|Cantilever o 2.4
. . <
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A.3 Excerpts from BS 8110:1985 .
“The numbering of sectdans, equations and tables are

taken directly from BS 8110:1985. ' '

Notation e
b the effective width of a rectangular beam \j) LN
d ~the effective depth . ! |
As.req the area of tension reinforcement required at

mid-span to resist the moment due to design
ultimate loads (at support for a-cantilever)

A the area of tension reinforgement provided at
s.prov .

mid-span (at support for cantilever)

/

f the estimated design service stress in the tension
A

reinforcement
f.  the characteristic strength of the reinforcement

ﬁb the ratio:

moment at the section after redistribution
moment at the section before redistribution’

from the respective ‘maximum moments dlagram

3.2 Servzceablllty Limit States

- 3.2.1 Excessive deflections due to vegticél loads

3.2.1.1 Appearance For structural members that ére

visible, the sag in a member will usdally become noticeable

if the deflection exceeds (/250, where ¢ is e}the; the span-

or, in the case of a cantilevér, its length. |
ThlS shortcomlng can in many cases be at least

o

partlally overcome by providing an 1n1t1al camber. If this

o

- is done,"’ due:atten%lonvshould be paid te the effects on*

construction tolerances, particdlarly gith regard to

.
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s
tQicknesses of finishes.

// This shortcoming 1s naturally not critical if the

element ie not visible.

3.2.1.2 Damage to non—stnueturaJ'elements. Unless
partitions, cladding and finishes, have been specifically
detailed to allow for the anticipated deflecgions, some

damage can be expected if the deflectioh.after the

installation of such finishes and parthlons exceeds the

./rr

4
(a) L/500 or 20 mm, whichever is the lesser, for

following 'values:

brittle materials

(b) L/350 or ‘20 mm, whichever is the lesser, for

nonbrittle partitions or finishes; a7 - '
N jus)

where L is tn*,,éan or, in the case of a cantilever, its
length.

~3.5.7 Deflection of Salid Slabs

Deflections may be calculated and compared with the
serviceability requirements given_ in section three of BS
8110:Part?2 but, in all normal cases, it will be sufficient

. to restrict the span/effectlve depth ratio. The appropriate

rat1o for a solid s ab may be obtalned from the Table 3. 10,
modlfred by Table (3.1

Oniy the nelnforcement at the centne of the span in the
WIdth of slab under con51derat10n should be con51dered to
1nf1uence deflectlon. The ratio for a two-way spanning slab
should be based on the. shorter span and 1ts amount of

relnforcement in that dlrectlon._ , \> 9
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Table 3.10

Basrc span/effective depth ratios for rectangular beams

Support Conditions Ratio '
Cantilever , 7

Simply supported 20

Continuous 26

1
3.4.6.4 Long Spans

For spans exceeding 106 Table 3.10 should be used only
if it is not necessary to limit ehe increase in deflection
after the consttuction of partitions and finishes. Where
limitation is necessary the values in Table 3.10 should be
multiplied by 10/span except for centilevers where the

design should be justified by calculation.

3.4.6.5 Modification of span/depth ratios for tension

reinforcement.

S

’

Deflectxon is influenced by the amount of tension
re1nforcement and its stress and therefore the |
span/efﬁectlve depth ratios should be modified according to
the areabof reinforcement provided andfits service stress at
the centre of the span (or at the support of the case of a-
cantilever). Values of span/effectxve depth ratio obtained

; ~
from Table 3.10 should therefOre ‘be multiplied by the
appropriate factor obtalned from Table 3.11,

L

“
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Modificétﬁéﬂ-factor for tension reinforcement
LA

Modification factor

S

\

5 + : s 2.0
1201 0.% * M pg?) » ¢

\
\‘

p

Ll

\—\\ \ M‘\J "“.,‘
Steel .
stress bd“
0.50/0.75]1.00]1.50[2.00{3.00]4.00 5.00({6.00
10012.0012.00(2.00|1.86|1.63]1.36]/1.19]1.08 .01
: 15012.0012.06(1.98|1 69]1.49|1.25]1.11 1.01/0.94
(fy = 250) 15612.00{2.00{1.96|1.66|1.47|1.24|1.10 1.00/0.94
' 20012.00(1.95(1.76 {1.51]1.35/1.14[1.02|0.94]0.88
250 {1.90(1.70|1.55]1.34(1.20{1.04/0.94/0.87]0.82
(fy = 460) 28811.68(1.50(1.38{1.21/1.09/0.95/0.87]0.82 0.78
3001.60]1.44{1.33]1.66/1.06[0.93[0.85{0.80(0.7¢
Note 1. The values in the table derive from the
relationship: S )
! v A A
477 -f )
0.5 A\ S

" Where MQ is the design ultimate moment‘et the centre of the

span or, for a cantilever) at the SUppor€<

%
Y,
\

A

Note 2. The design serv1ce stress in the te@§1on

re1nfprcement in a member may be estlmated fnom the°

equation:

" Note 3. -For‘a continuous beam

5 f

A

Ss.prov

' Yy s.req = 1
fs= A XB;

a,

-

1f the percentage of

red1str1but10n is not known butgghe de51gn ultlmate moment

_at m1d span is obv1ously the same as or greater than th

' velast1c ultzmate moment, the stress f

.,-taken as E\ vy

N

A

e .
‘Q
in thlS xable may be
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A4 Excerpts from draft of AS 1480-85
. .

. A .
The numbering of sections, equatbqns and tables are

~

taken directly from AS 1480-85.

s‘)

~—  10.3.4.

Deemed to comply span-to-depth rat&o for

reinforced concrete slabs.

R

10.3.4.1 One-way slabs and two-way flat slabs, -

Total or incremental deflections of a reinforced concrete‘
one-way“slab, or two-way flat slab %ubject to uniformly -
distributed loads and having multiple‘spans, shallbbe'deemed
to conply with the reguirements of Clause 4.3.2, if the.

effective span to effective depth ratio is not greater than

S
Wl

(/L) .1000.E_ 1
Le/d = K3kl e

‘ , - d.ef
where o .
A/Le=the deflection limit eelected in accerdance with clause

’

4.3. Z(a) and the deflection is taken on the centreline
between the gupports used to calculate L . : .

Le= the effective span (the longer span for two-way flat

.,slabs)

;E "= the modulus of elast1c1ty of the concrete in MPa

d.ef-; the appropr;ate“effectlye design load in KN/m?
‘determined fromlélause 9.5.3.3; . -
.k3'¥A170 for a one-waj'elab. : ; | )
0.95 for aitwo—way flat eiabtwéthont droptpanele'

1}

1 05 for a two- way flat slab w1th drop panels,fwhlch<:”

'extend at least L/6 in each dlrectlon on each 51de of =

support centrellne and have an- overall depth not less thanv_‘

o
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1.3-D where D is the slab thickness beyond the drops.
k, = a deflection ¢onstant which
(a) for simply eupponted slabs

-= 1.6; or o . 0 | |
tb) for continuous‘slabs, where the ratio of the longe; to
the shorter of any two adjacent spans.does not exceed 1.2

and the, live load, g, is not greater than the dead load, g,

= 2.1 for an end span ' : —

n

-2.6 for an interior span.

10.3.4.2 Rectangular slabs supported on four sides.

ﬁDeflection of a reinforced concrete slab supported on four

51des by walls or beams shall be deemed to comply w1th the
o deflecz\pn llmlted selected in accoroance with Clause

4.3.2(a) if the ratio of .the effective short span to the

_effective depth complies with. the requirements of Clause

#

10.3.4.1 excebt that the value of k3 shall be taken as 1.9,

and the value of k4, which in thlS clause takes 1nto account
edge support conditions, ratio of long to short side and
tor51onal‘st1ffness, shall be determined from Table

10.3 4.2,

9 5. 3 3 Long term deflection of relnforced beams by

multlpller method =~ ‘ - -

. The long term deflection of a normal- we1ght concrete

relnforced beam may be calculated by using the effect1ve

second moment of area, Iéf, from Clause 9.5.3.1 and an

-

effectlve de51gn load Fd ef’ glven by

@

(a) Fd 5» \(1.0 + ch)G'+(?s.+ - ?l)Q for total deflectlon'
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or
(b) Fd.ef; kcsG +(¢S + kcswlTQ for incremental deflectiop.‘
Where
_ B sC
cs 2 1.2 3 Jreater than or eqgual to 0.8, Asc and,ASt

st
being the reinforcement provided

(i) at midspan, for a simply supported or coftinuous beam;or
(ii1) at the support, for a cantilever beam:

3.3 Load Combinations for Serviceability Limit States.

The design.load for the serviceability limit states shall be
taken as one of the following service load combinations:

a) Short-term load ...... G + P + wSQ + wg

b) Long-term load ....... 6 + p + ¥,0

Where P is the force in the prestressing steel and &; and ¢1
are the short-term and long-term factors respectively; In
ghe absence of more accurate data, the.values of ¢S and ¥
may be taken froﬁ Tabie 3.3 and ws may be taken as 0.5 WSO‘
In (a) and (b) above, the deéa load G shall be taken as the
weight of structural members plus .superimposed dead loéds
includiné surfacing material, permanent services and

permanent partitions. Liquid and earth pressure loads may be

considered as superimposed dead loads.
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Table 3.3

Term Factors for the Serviceability Limit States
Live Load ‘Short—term factor,¢S Long-term factor,¢l
for- ‘ :
(a) dwellings 0.7 0.4
(b) Offices 0.7 0.4
(c) Parking areas 0.7 0.4
(d) Retail Stores 0.7 0.4
(e) Storage areas 1.0 0.5 to 0.8
(f) Bridges varies linearly from 0.0
10m to 100m span 0.7 to 0.5

4.3.2 Design of beams and slabs for excessive

deflection.

The limit state of excessive deflection for beams and slabs
shall be taken ‘into account as follows: .

(a) A deflection limit for the member shall be choaen
appropriate to the structure and its intended use. In no
case shall the values chosen exceed the relevant value
specified in Table 4.3.2.

(b) The member sha?l be de51gned so that, under the design

load for the serv1ceab111ty limit state given in Clause 3. 3

\\\

. the deflectlons calculated in accordance with Sections 9 or
10, as appropriate, dq not exceed the value determined in

(a) above. ‘ ‘ . .

= 3

. (c) For the purpose of calculat1ng deflections at the

-

serv1ceab111ty limit state, it may be assumed - that provided
allowance is made for concrete cracklng, a concrete

C-I
structure w1ll act in a 11near elastlc manner under serv1ce

" loads of. short duratlon
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7

Deflection Limitations

1

2

¥
3

4

Type of
Member

Members
generally

Members
, with a
| pre-camber
" not
exceedind
Le/300

Members
supporting
‘| masonry
partitiong

ﬁridge

Deflection to be
considered

Total deflection

Total deflection
less pre-camber

Incremental
deflection, being
that part of the
total deflection

which occurs after
the addition of
non-structural
elements. It
comprises that
long-term deflection
due to all sustained
loads and the
immediate deflection
due to any
additional live load

Live load (and

Deflection
limitation A/L
for spans

1/250 from
as-cast
position

1/300 below
horizontal

1/500 fto 1/1000
depend1ng on
the provision
made to
minimize the
effect of
movement

1/800

members

impact) deflection

Deflection
limitation A/L
for cantilever$

1/100 from

as-cast-

position
A

1/150 below
horizontal

1/250 to 1/500
depending on
the provision
made to
minimize the
 effect of
movement .

1/400

T

Note:

In two-way slab constructlon the deflection to wh1ch the

above 11m1ts apply is the theoretlcal deflectlon of the line

diagram representing the. 1deallzed frame defined ‘in Clause

8.5.2.
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-,

B.1 Australian Span Effective Depth Equations

To_understand the 1985 Austgalian code provisions one
must review the equations and assumptions used in tﬁgir
derivation. Effective depth will be referred to as 'depth'
in describing the derivations and equations used in the
.derivations are located in Table B. 1. '

The objective of this exercise is to develop a span to

depth ratio that juses Branson's effective moment of inertia.
[} .

This is done by considering a one-way memﬁgr under uniform
loading. The total defleéﬁion will be composed of two
components, short.term deflection énd léng term déflection
(the additional deflection caused by shrinkage and tfeep).
The mid-span deflection can Be written, Eg. B-2, with"
differeqt values for f depending on end conditions of thke
‘member . For Example f = §g§ fér‘a simply supﬁorﬁed beam.

Assuming the member-will be under full live and dead

, _ ', . _
loads, both immediate and long term deflection can be f,,rf‘

7

-

‘written using Ie’shown in Eq. B—B:.Fu her, writing Pg'as a
function of bd3, Eg. B-4 is derived. Equation B-5 gives an
allowable span to'debth ratio and can’be arrived at by
algebraic manipuiation. This equation prbvides a sban.to
~depth ratio in terms of the required'totél deflection.

Thé de:ivatioﬁ‘oﬁ an equation to calculate span-depth
ratio's for incremental deerctidﬁé‘is véfy;éimilat“td that-
.fOr total‘defleciions.‘Théadefléction_to be‘chéckeéfié-the
ulbné te;m incfeméntal}défléction éftég theiinétailatién'of

”noh¥struc§ural elements. This iS‘aChieyed»by‘mp@ifying'Eq.
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c

Depth Equations

/ “r
» /l
s (B-1)
Al :A’ ‘ ‘\Ac’.u
wl
o £l
Total Deflection
UI‘[‘ lUsus[‘ ( B_ 2 )
A =p - Ap— .
» C T E1q El,
Let
I =1, =1,
I (B-3)
= [3—(10 + \w )
t e sus
Let
[ = Abd
- €
(o v
(B-4)
1y A‘:BEAbds(wl+.\wsu’)
<
[_3. ~ .'_\‘/\b[’:c
£ Bw A )
.ﬂ
vl ¢ - 1 (B_S)
(A3 bE g
== (=) [~— : ] .
‘ : i d B { (w + A wa_u\.)
Incremental ‘Defl.ec-tion _
wll4 wsus[" . wdmdf1 (B-§) R
; mc’pm B'f:/ QEI
C e ¢ v R S 4
. AL bE.; (B-7)
J*’p” [ w +\w ) |
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o

Table B.2 Derivation of Australian Span Depth Equations:
‘ |

cont inued |
: (B-8)
[.» Alnr hh‘(‘ -l
Y
d b { (wl + N )
Code Provisions
1
[ A 1000 3 (B-9a)
¢ tnc <
—_ = k k -_— J
d Iy h g+k Waq Wy
Ca b Ve ~
/
/ -1
1 A 1000E 3 (B-9b)
_e\ _ L Lot / « I
= k - .
. d 3 al (l‘i_g{\jg/nt k Wq +Wq-
Effective Moment 6f Inertia s
[
v M7 m_ (B-10)
! :(—-) [+ 1_( ) ,1
¢ M y cr
a a
M3 (B-11)

+‘1M ' (
| {

. ‘ 9
: . bh” (B-12)
‘Wa%pbdfﬂjd ‘Mcrsz? - -
Let . : ’ .
[, =6 f =410MPa. ;=87 d-=9k
3 v )
) \,
bt | .- (B-13
I = — [4&% + 12np(1 — £)? )
r_ 12 v
: b ' - '
[ =136 — : | (B-14)
) . 12 :
Substituting into I, _
“bd® [ -0006 VS, | . ol o] (B-15)
I = E (* ) (1‘36— , 487 +12np(1 — k)~ \)’ 4k < 12np0] <R - :
N =1955Vap < 111 npz 045 - {B-16a)

0019 . ‘ A .
N == €K7 nps 045 0 (B-16b)
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&
B-2 as indicated in Eg. B-6, and will provide the span to
depth equation shown in Eg. B-7.
L ‘ |

Rangan'”® 1ncluded a modifigation factor (k ) to
accqQommodate T & L beams in phe equation and leadlng to the
relationship shown in Eq. B-8. Gilbert'? extended these
equations to slab deflections by using k, as a slab x
modification factor to acccunt for two-way action. ¥

The code eqguations (Eg. B-9a & B-9b)'> for slab depth
take the same form as those for beams but the location

1 .
factor (k3), from (A)§ in Eg. B-7,1is different due to the

[

use of a different reinforcement ratio (p)..The code

provisions for the 1985 version of AS 1480 are shown in

Appendix A, Comments on the assumptions use\ are liateﬁ

below: » ' d\\\xl

1. Uniformly distributed loads are considered. Althd%gh
uniformly diatributed loads are most()commonly used in
slab design it should'be recogniied that the ratios can
not be directly applied to slabs desﬂgned‘for
concentrated loads.

2. Onlj'midspaﬁ deflections are considered Midspan
deflections are not ~always the maximum deflection but‘
are very close to the maximum value The effect on the
result of the equatlon is approx1mately 1% to 2%.

3. ﬁ was developed-from elast1c~analys1s. The § varlable‘J
used to calculate the mldspan deflecclon ‘'used by Rangan

was developed for elastlc beams. Rangan (5 assumptlons do

_not allow for red1str1butlon of moments after cracking
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in continuous beams or slabs.

A study was carried out to investigate the
appropriateness of the magnitdde of moments used to
calculate kz:'The study included beamé having three to
sixispans shown in Figure B.1 and it was found that much

3
smaller values of B could be used, Table B.3.
The moment of inertia uséd is calculated at only one
level of loading (full dead load plus live load).

A number of authors®* indicated that construction
loads on slabs often exceed specified design loads ahd"
using Ie under full.service loading reflects the real
situation for slabs. Therefore this is a reasonable
asSumptionvfor most slabs.

Slab deflections are modelled as a one dimensional
problem. This is the major assuhption used by Gilbert in
extending Ramgan's eguation and has no stated
theoretical basis. An empericél slab.factor (k]).was
developed from computer simulations to account for
variabies effecting theAslab deflections. A theoretical
proposal td'explain this factor is given insAppendix C.
The code provisions (span-depth equations) will
encourage designers to use a similar amount of

reinforcing steel in all their slab designs. These

provisions discourage variation in design of slabs in

vdifféfent areas of the country where cdst factors'are,

different. Since the code assumes that al certain émbunt‘ 

" of steel will be used in slab design and this is not the
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.Table B.3 Calculated Values for k2 using Elastic and
Redistibuted MYments
. 4 .
Number of Spans| Exterioer Spans Interior Spans
. ).‘
3 1.24 1.24 2.92
" | o1o19 foai19 | 176 | s
. — -
4 1.27 1.27 1.91 1.91
* 1.21 1.21 1.54 1.54 .
S B
5 - 1.27 1.27 2.11 1.63 2.1
* 1.21 1.21 | 1.61 1.41 | 1.61 .
— < ]
6 1.27 1.27 2,1 1.66 2.11
* 1.21 1.21 N.61 1.44 1.44 1.61
J
#Rangan 1.30 .1.30 /(.50 \zjo 4.50 1.50

Note:
* negative moments were Jreduced by 15 percent as
permitted in CAN3(A23.3-M84 clause 8.4

# values o'f,k2 usedyby Rangan
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same guantity reguired for moment resistaece, different
deflectio than those used in the equation must be
expected. Examples are shown ip.Figures B.2 to B.? These
figures indicate that the code vglue for np f.034)
sheuld be recenSidered especially for slabs under retail
loading. This analysis also indicated that when only
small deflections, (Eé%)' are allowed that only miniﬁum

reinforcement was required to satisfy the moment

capaeity“ -

B.2 Ranéan's Approximation of Effective Moment of Iherfia
.The equétions used in the approximation of the

effective.moment of inertia (Ie) are shown in Table B.2. In

attempting to reduce I, to a ratio of bd3,from Brenson’s

cubic equation, Eg. B-10 the original equation can be

rewritten in the form of Eg. B-11 and from this one can see

four areas that wmust be investigated: the cracking moment,

service load moment, the gross moment of inertia and cracked -

\
" moment of 1nert1a. The cracklng moment (M ) and the service

load moment (M ) must, be- con51dered at the same time.
v
Looking first at the service load moment, Rengan made three
assumptions to arrive at a Solution,
1, the sect1on con51dered will! be only 51ngly rexnforced
2, the stress 1n the steel will be 60% of the y1e1d stress
| and only 410 MPa steel is used, |

3.. the’e1a§t1c value j_w111 be .87.

These aSsumptions allow M. to be expresééd*es a function of

~
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bd2, Rangan assumed a depth to thickness ratio of .9
allowing the ratio of Mcr versus Ma to be considered as a
function of e.

M | 2 :
°r - y.2¢ b d f _ (B-17)

a O.9pbd2jf5 :

P

‘The cracked moment of.inertia; since it is of a singly
reinforced member, can be defined as ‘shown in Egq. B-13 while
the gross moment of inertia is defiﬁed in Eq. B-14 using a
depth to thickness ratio 6f -9. These equations tan then be
combined to create Eq. B—lS.\This can be reduced to a-
fuhction of steel area (p) and the concrete strength. Rangan
developed éq..B—16a &.B—16b; which approximates Branson's
Ie’ under these assumptioﬁs. Recogniiing the neceséity of
l;miting tension stiffening Réngan limited Ie to .601g fqr
low values of p while»restricting-le to Ig for p greafer
than .7 percent ”

Although Rangan ‘s effective depth forﬁulés are
insensitive tovva;iation in Ie?since thg formulas‘use‘thé’é
cubic root of Ie' a fegiew of éssumptions is still in order.

Rangan made five asSumptidns to‘arrive,at a simplified
equation for Io: ' |
1. Oﬁly singly teiqforced members. are'consideréd. This is a

conservative éssumption that allows the'effective moment

of inertia to be reduced to a function of the

Eeinforcing'nétio‘(p)i,

2. j is assumed to be .87 and £, is assumed to be .60fy.

P -
S

« R
¥
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These two assumptions are being discussed together for
two reasons: they are both functions of p, and are

cr - . . . .
unnecessary. The M relationship can be derived without
' a

using these assumptions by equating Ma and the factored
moment (Mf) to find the steel stress in terms of the
t -

load factors as 1llustrated below.

Ya_ "1 "a (B-18)
Mf alw1 + adwd .
/_‘\ _ -
Mf = Mn ‘(B 19)
¥y + Y3 | ,
M = M Lo (B-20)
a ajwy *oagwg N ‘

All additional factors used in this derivation cancel

out.

A regression analysis of I, was done not using.
these two assumptions and new equations weré9fouhd for

A, Eg. B-16a and B-16b,. in Table B.2. Tﬁey are,

A'= .0228 + .345np < .111 when np > .045 , (B-21)
P
A = LQ%Q%Q.S .067 when np < .045 (B-22)
ol n
A

-

An effective depth to tﬁickness‘ratio (%)'of«{Q was

used. This is a realistic value for beams but not slabs
d.

values. The eqguation for I, can be modified to allow

e
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different §'s and this is shown in Figure B.8.
Only 410 MPa reinforcing steel is used. This .is a
assumption restricts the'appliCablility of the equation

to slabs using 410 Mb@ reinfongment. There has been a

\‘
relationj;ip found between Ts verjsus
g a

. /e
steel strengths that could be uied.\\\\

K’Z
0

for different\

Lxmltxng Tension Stiffening. Tension stf{ffening can be

s
described mathematically as the‘(—f—:——r—)3 r) part of

I -

. . g

' Brapson's equation (see Eq. B-11) -Fef membérs with low.
.-vp,«"“i," . ' .
reinforcement this part of the uation governs the

i

ivalue of Ie.and will theoretically lead to an infinite
stiffness for a member with no reinforcing because of
the small value of M_. Branson recommends that Ié be
limited to the transformed or gross moment of inertia to
prevent the use of unreelistic values. Rangan'’® and
:bthers" argue that this is an unréasonable value-for
slagﬁ because of additional cracklng caused by shrlnkage
'restraxnt Rangan recommends that I be no greater than’
.601g %or members with low relnforcement to provide
better results. Giibert", u51ng this suggestlon found
good correlatlon between his- f1n1te element analy51s and
field measurements. Scanlon and Murray", while agreeing
.on.the need to reduce the ten51on stlffenlng, suggested
a dlfferent method of reducing .. They proposed.that an .
effectlve modulus of rupture (f ), wh1ch takes 1nto

con51derat1on the effects of shr1nkage stresses to

jjjyce £ to a reasonable value,~be used. Work'done in
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this area'® indicates that a good value would be

fe = fr/Z. Further support for this method arises out of

experimental‘work done at the University of Alberta’’ in

~—-which one-way slabs were loaded without major shrinkage

stresses being allowed to form. The experimenter found
in all members with 20 MPa concrete, the cracking moment
was at or-above that predicted by the concrete code. All
these members had a reinforcement ratio of less that

.5%. Figures B.9 and B.10 show the 'differences in the

three methodsv(branson; Rangan and Scanlon) for moment
' I S L

. . e
curvature at minimum reinforcement and =— for 25 MPa

I
o g \ :
concrete. In conclusion, assuming that Brenson's Ie is
accurate and that Ie should be 'limited to .6019,'Eigure

B.J1 shows the percentage difference of Rangan's

approx1matlons compared with Branson' s I and the error

bthls causes in the span- depth equatlons The plot

1nd1cates that when h- 9 at np— 034 the approylmatlon
causes the span-depth eqUatlon to be unconservat1ve by
three percent allowing slab deflectlons.to be ten
percent greater than predlcted U51ng h .85, which can
be considered a appropr1ate value for slabs, the -

\r) .
approx1mat10n is ten percent conservat1Ve. Therefore;

’although there are errors in both the approx1mat1on and

e

. ”

: A'general,approx1matlon of Bransbn's I” equatlon and a o

modlfled slab effectlve depth- equatlon has been developed

‘h“end is descrlbed in Appendlx C.
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B.3 Assumptions Used in British Parameter Study
To coéplete the computer program used in thg parametric
® N .
~study Beeby’ made seven assumptiong,‘they were:
1. Plane sections remaih plane for calculation of strains,
2. Reinforcement has a modulus of elasticiﬁy of 200 GPa,
3. Concreéte has a modulus of elésticity of 4.5%?; GPa,

which 1s approximaterASMYg GPa using cylinder concgeﬁe
stréngths for short term deflections, and 4.5 745 Mf;
“efor long term deflections. ¢ accounts for the effec} of
créep and ranges from 3.5 to 4.5, |
4. Stresses in the concrete in tension have a triangular

distribution with a tenéile stress of 1.0 MPa at the ?/'

leyyel of the reinforcement, ‘ k
- R Lo
5. Tigzneutral axis was located based on the assumption,

that the concrete could not takel tension, .
6. The effectiVe.depth‘(d) of steell was .9 of the total
thickness (h),

7. The service load would occur at two thirds of the

factored load.. . ) -
o

. The first five -assumptions ére commdﬁly used and their
’effects are well known; ho@ever, the last two ;ssumptions
reéuire'sohé dngZSSion. The use: of d'as‘790h is a
conservative assumptioﬁvwhen considering slabs. A better
_;ange for d in slabs would be ;8 to .85h;ii;e,'d = 120 in a
150mm slab.»»Th»e effect of using .9 instead.of .85 ‘wouldvbe_
about a fiQe-peféené ihcreaseuin th§ ﬁomeht of inertia and
pbereforg,a.five_peﬁcent debfease ih'actual'déflectién:

!
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However the effect on a span-effective depth ratio is less

than two percent.

. The assumption that the servlce load is two thirds of
the factored load means that the dead load and live loads
are equal. This is a reasonable assumption for slabs under

4 retail loads but not for those with office loadings. The

office loaded slabs would have their déflections

underestimatedmby five to eight percent due to this
assumptioq. ) |

y After the parameter study was completed, Beeby

'horhalized*his results to a standard beam so thaz/a designet
could use modifiers to account for different geometries,

. tensile steel stresses, compression reinfercementh loading
and severe long-tefm deflection epnditions. This standard
beam has a concrete strength of 30 MPa (eube strength) which
is equivalent to 27 MPpa by cyiinder testing. Thishstredgth"
is higher than normally used in North America where slabs
are usually designed with 20 to 25 MPa enerete. Equa@xon
.Bf23lwas derived by the author to eval te the effect of the

use of such high concrete strength.

(B-23)

two slabs w1th the same span loadlng and deflectlon but w1th

dlfferent concrete strengths.
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W 14 ' : -
a = BT 4 (B-24)
E,1,=E,1, | o (B-25)

but, I =Abd> and\s/;4.5‘/f;

therefore

] R
: 1 _
(=)~ = (5572 : “(B-26)
d, , 4y , ‘ ﬁg// .

, which gives-

Q.
—_—
l'h
N

?—h
"oV —

) (B-27)

, ' ' %»
In he case of 20 MPa concrete Eq B-23 1ndlcat€$‘thls

,;,°1'_

vcould lead to a five percent underestimation of the required

£

©

effectlve depth This underestlmatlon is rectified 1f e

.
~

Eg. B-23-is used with the standard raéuos to account for
dlfferent\strengths of concrete. . "Y“, ‘

Ahother problem that occurs with Beel ’s'ba51c-
span*effective de&?h ratios is that they, do'not match the
results of. the computer study, i. e., the basic ratlo for a
s1mp1y supported beam of 20 would have a deflectxon of - —E—'
'°1nstead of ——5 ~Beeby, Justlflably, clalms that the
'Ldeflect1on would be less due to less creep and shrlnkage,
'hlower 1oad1ng and 1ncreased stlffness due to flnlshes and
end restra1nts. Therefore, 1t is reasonable to say that a
ratlo of 20 is: adequate. Altbough Beeby s reasonzng 15
J-sound there w111 be errors 1nduced by the approxlmatlons of

. . ., RoN
- . . . . } R . - . . Lo
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" The thicknesses are almost equal for office loading in the .

- . N
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the above effects.

A comparison between minimum thickness using Beeby's
5 R kd

. o . e ..
‘approach and the A23.3 minimum thickness is shown 1n Figures

v \ .
B.11 and B.12. In order to provide a better comparison,vthe

modification factor EqQ. B-23 was used. Figures B.13 and B.14
show the modified~Beeby thickness as a fraction of the A23.F

minimum thickness for clear spans of three to tén meters. )’

P

’ longer cldérqspahs and the_lérger thicknesses are due to an:
"absolute minimum thidkness of 125 mm was used for ‘Beeby's

 mSlabs compared to 120 mm,flat plates, or 100 mm,Adrop

“

Vpanels, for the A23.3 values. .

A3

5

9 (ﬁ
2



X

‘_s . v T A v Y
Office Slab 20 MPa. Concrete
®interior Flat Plate
®irterior Fiat Plate with Drop Panete
4 Exterior Fiat Plate : .
+ Exterior_Fiat Piate with Drop Panels
1.9 } . ® P
) .
"
o~
I
2
e
L
X
>
]
©
@
=
a.9 4
‘ o
_ 0.7 . s s A e
- T 4 § (] 7 “8
Cleor Span (m)‘

Figure B.13 Comparison of Beeby's and A23.3 Minimuﬁ

Thickness under Office Loadings

l-s - v 8 T T
’ Interior Flat Plate 20 MPo Concrete ‘
.BApcrtmont Loading - .
" [9Ofice™. Lgbding. -
*# | ZRetail l:opdlnq
1.8 } - p
) .
;') » 7 . .
) él.]‘ - ’
- -
N
. B
[ 3
. )
@ ..
(] z B
0.9

;Th'i'ck;nes_ées under_Diffet t Loadmgs

P

A

3

154



Appendix C
Maximum Slab
Span-Thickness
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C.1 General Equations !

Theoretical Span-Thickness eqhations have been derived
to investigate the factors influencing the setting cf
minimum thicknesses. An attempt has been made to developlall
therfactors used in the equation theoretically and not to
depend on experimental resultéﬂ The equatiohs were‘developed
using the same app}oach as Rangan'® and Gilbert':?,

The final ‘equations ln Table C.1 (Eg. C-9 and.C~120)
differ from Gilbert's equations in two areas, Ie and the
épan. The equatians use aa Ie caliculated using column strip

v

reinforcement insteéad of an average of the middle and column

d ( ef fective depth

strips, with a g total thickness ) value of .8 rather than

.9. The use of column strip reinforcement only simplifies
the estimation of I, for use in the general equationl The

value for g of 0.9 .is not appropriate for slabs. Consider a

125 mm slab, ﬁsing clear cover of 20 mm and a 710 bar the

T

value is 0.8. This value, 0.8, is more appropriate for
slabs. The equations are written im@terms of [n and h versus

L, And d. The use of h instead of d simpiifies the use of

the éguatibps without anybloss of accuracy, and the»choicef

of (: was felt to prov1de a reallstlc value for the span’®.
A ‘»,
The equatlons were derived u51ng four maJGt o

o

'assumptlons They are:

B L
4

ral. The midpanel: deflectzon of a slab can be found uszng a

-
" »_'-‘ B
s

cr0551ng beam analogy ; . S

A ]

2._'The slab Wlll have been subjected to fu11 de51gn loadlng

=

before ;hg deflectlons are calculated. L ‘7 o

I ST S

A
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A

3. The stress distribution through a section of the slab
can be modelled as linear for service loads and by the
Whitney Stress Block at ultimate }oads.

4. The mqment-diétributioh in the slab is the same as
assumed in the Direct Design‘Méthod; o @» : ‘\\

A derivation of a gene;al Span-Thicknéss Equation for
both incfemental and total deflections for‘a concrete slab
1s presented over the next threeﬁpéggs. Muitipliérs used in

Egq. C-8, C-9, C-10, and C-11 aré dgscribed in défail later.

These~equations have not been checked against the |
. . _

results of the parameter study and should not be used for

design purposes.
. . ‘ Hm
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If we let A

a =

t

N

the span-thickness equation can be written as. .

Sl .
[ ﬁs‘llﬂﬂ 3 tnc nb[‘:( ,3
h B [ o, +\w )
which can be rewritten as .

&
—_~~
9
e o]

fw +\w

Jus

>~

(A

"It we are to use this Equat1on for two- way slabs the
,equat1ons must ensure that at no 10cat1on 1s ‘the
deflection- span ratio exceeded Therefore the equatlons

should 1nclude a second factor to account for deflectlons at

other locat1ons.' ' o -
[y 3 . , o
2 " - ’ ' — o ' A . -
£ _ ( {1 +Bpnnel Co 1 . ")3[ AH;IC : '~0bhc 3 (Cc-9)
vm - M T { (wl +.\wsus‘) ’
6666 vad 112757 202) ,
M
.0
Maximum Slab Span-thickness‘Equations
3 . / )
’ l’l N ﬂ _\(Ul a bEC '} K B N ‘ ,' S ’ ( C.-. 1 O )
. ' .;“: kleIT -~ V l . : . . : ’ . s

’ ‘ S Tt vw:(u.f,' ; .

. < “ & \'\\18‘, S o ] y S A
I S & Bpe  AbE_ g - (C-11)
N et =g kS - T A
SR : (AR . h 12 [ (w +\w 4) » ’

o " @ i v . B4
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where'

\ i
. 9! p ,
(lfﬁ;m[ .
b= , (C-39)
NEEGT
I.l”l’[
/1 a 3
ey < - ) (C-48)
o M
‘ il 1 2577 =02)
-~
384 M. T , ) . C
a= —td/hf‘( = ) ('—_-,4k*’+12np(1-k)‘ )+4k“‘ +12np(t —k¥|  (C-29)
> M, 7wk .« L
, &“ | * ( wl | ‘,.L't?

a, — +a .

, R4 1 ~ / l w d #
| C_’:[ A ’ (—2 )] £ (c- 25)

. e My Uanys o .
N ll 59 — _pl (w—+ 1)
: b 4
< )
o
’ Ve : | )
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The accuracy of the span-thickness equations derived
are dependent on assumptions used-in calculating the Moment

of Inertia (Ie), Slab Facter (kj),'Location Factor (k2), and

w

the long-term deflection multiplier ().

C.2 Long-term Multiplier

" The A used in last page is the CAN3 A23.3 equation bugz

Y '
research has in@icated that this equation underestimates the

long-term deflection of concrete slabs. Table C.1 compares
the values from the code with the recommended values of

,Gfaﬁaﬁ‘agd Scanlon'’ when’f = .30/IT. The values were
e \—~€A?

mo@ified to aécount for time (Eqg. C—13) by adjustlng the “ ey

N

‘creep (vc(t)) and shrinkage (esh(t)) values in Eg. C-12,with

_ the time functions recommened by ACI 209%°,

v (t) e, (t) T o
M= 2.5 x 5 ¢ 750 — = (C-12)
' - 760 x 10 7
o | u 3
. - -t.B - - £ : '
P A= 2.5 (Im'——=—p ) + 75 x (1 - g2t ) - (C-13)

\\\/_\ 10 + t° . . o

\\:Ehn t is t1ﬁe of 1nstallat102{of the partltlons 1anays
aft\T\th_ﬂplaéement of concrete, ) | ’

Thenvalues proposed by Graham and Scanlon are larger

4

than those used in tpe code,uand mult1p11er§ of s1m11an‘
vvmagn1pude have been proszed Use of Eq C 12 1s recommended~

“for A w1th the Span- Thlckness Equatlons6 S g

v A T
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Table C.1 Comparison of Long-term Deflection Multipliers
T

“ Time of CAN3-A23.3 R;commended Value o
Installation of Code Value |+« ’ ' A
Partitions , A .
- 0 S 2.0 " 3.25 ]
\ _ 3 N ‘.;4 1?‘0,'\ | = 1.22 ;
. 6 1 o8 0.84 -
. 12 6 . 0.62
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C.3 Effective Moment of Inertia | o
The Branson cubic equation®®-for the effectng mement

of inercia (I_) can be reduced to a function of six

variables as shown on the next tqo'pages. The variables ,

shown in Eq. C-5 are the reinforcement ratio (p), concrete
L4 .

strength (fé), steel yield " strength (fy), g, modulus of
: . oW
rupture (fr) and the ratio of live to dead loads-(;l). k and
' , -d
] were not included in the variables since they are both_

functions of p. ‘ \

kit A computer program was written based on Eg. C-5 to

lnvestigate tﬁe relationships between the six ‘variables and

f;f I, was found to be ineensicive to change in ;é'(?lgure'\
C.#).'The effect g&gvariaticu in £1 on Ié vas minimiz%diwhen

. fé was 1ncorporated as d combined varlable wlth p as Eép or

| np in calculatlng I‘ (Flgure C.2}. Values of theulast ihree

. 1
B

var1ables.uere assumed to simplify the‘d%riuation, alfhpufﬂ‘
in the'caSes.of‘fy aud g relacicnshipsAcan be found g -
//gcmonecfated in Figurés'C.3 and C.4. The reinforcing was
lassumeo to be 400 MPa and g‘- 0.8 for reasons prev1ously
stated. The value of f was assumed to be '
0.30/E7 based on the result of studles by.Tam and Scanlon‘J_

A

and Graham:and Scanlon". Branson's cub1c equation can be

reduced to Eqgs. C- 14 and c-15 u51ng these relatlonsths,}*ff'

whlch allows I to be calculated know1ng only f' and P “
A= 0083 + .'2an ' when np 2‘ 040 C o (C 14)
A=

047 O3np - vwhen nﬁ._ 040 A > 0. 016 (C 15)

The. approxlmatlcns pr0v1de a close est1mate of I

t
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te ?
{
" — 4+ g ) .
\I” [ 1 f,’ { w, : ) ‘
v, (hi6 . b/ ! e, {C-25)
) ~v/p'~"’_fp’ Soos b
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T2 - .
‘ bd 7 : o |
< ' =3 - . (C-26)
Substituting into_Ie . (d/h)"12 S :
- T Fl

© 3 ‘ g

, bd’ M., 1 3L e oy 3 2

o= — ) T = | 4R7 +12np(1 — k) )-+4k +12np(l — k) (C-27)
12 .'Wa “(d/R) K ) . ' :

OI' ’ <

N |
[
2\7‘( - l 4k < 12np(1 — k)2
Mo 7wy _ '

Do el M
L =P — (——
L SRS 12 0\ M

a

) +4k% +12np(1 -kF!

Giving-usfh '
i
» ' ‘” ,) 3 — o . . ’
f . . crry l P | v B . -
: ':\=l( , ) (__. [4&3 ~12np(l = k)? )+~lk"+12np(l—k)"’ (C-28)
- . .Ma E (d/h)3 A . .. oy
e ot ’ . B P
- NTE ) , I S
A = (d/h) (——-—), = [ AT +12np1 = k) )+_4k. “12npt1 — k¥
R . }1"‘, ‘ (d/h,a . . ) . ., o o e

v
Loy

If we'assume 3 - 0.5, £, = 0.3VE7, and using  CAN3-A23.3-M84
:;0083,+7;2hp : .whepfnpwz .080

ve get A
| 1.03np  when' np < .040 but A > .06

- @

) 'I\ V="‘.04_7 -

—
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C.4 Slab Factor -

The Slab Féctor (k) derived'on/the following pages wa's

completed by assuming the silab could be modelled as aasumed

in the Direct Design Method, and that the Moment of Inertxa

s

of the slab column str1p was the same as the m1ddle strlp
“ The crossing beam analogy was used in the der1vatxon
It assumes that the slab middle and column.stflps Can be
modelled as wide beams with Jnlﬁorm loade,lellowingmthﬁ
midpanel deflection to be caltulated b§ summing theﬁcolumn}

and middle strip deflections. The ‘magnitude of EEZ uniform

loads were calculated using the moment fields from the
Direct Design Method. The use'of_the moment fields from the

Direct Deéign Method should profide‘a realistic moment

'distfibution, since most slabs a e designed ysing thé Direct

. | g
Design or. Equivalent Frame Methods' which have similar -

: |
moment fields. C -

The last assumption used was that the middle and column
strips would have the same stiffness. If one assumes that

all the middle strips will have minimum reinforcement of

.25 % and the column strlp has typically .3 to .7 % .

r 4

"re}nforc1ng steel, Egs. C-14 and C-15 shows that the column .

strip will not as stiff. The assumpiion of similar .

stiffnesses can thus be considered as conserkaive.

. | - ]65.
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Slab Factor k{' L
1f we cnnsider the slab column and middle strips as a
number of crossing beams, the middle panel span-deflection

o
‘ratio can\be written in terms of both the column and middle

strlp span- ébflectlon #aYios.
" Let '///, ' | , - i
S | 0

(\‘/\\ Mlnlmum Span — Deflection ratio = ’ -

'

7 -
hzm

If the column strlp span 1s always longer than the mlddle

str1p the spans ‘can be written as
_ 0
3 Icul = Il and [mld = B-_T_ B . .
T ‘ T Uponel
, : ‘ T
Also column and middle’defleétions can be written as
‘ col ~ ﬁ(‘l)(E[ 'y, an Am:d_ﬁrmdpl ’ (C-3O)
¢ col LT ‘¢ mid (ﬁpanel -
“The middle strlp deflectlon can then be wrltten in terms of
the column strlp deflecthn : - )
: . 7 . . X . 4 .\
L Tmd : deoma| 1 |
A= A whichis A = AC e - ’ A -
Tmud A cal . mud B I ip s col
. . ) col” mud col panel

co( :

and the m1dpane1 deflect:on cen be wrltten in terms of the

column strlp deflectzon as. well’ ”. o o o .
. . o . ) v v ] - ﬁ dl ’ . 4 ]
- o . . . . n,u col mxd 1. |- ‘ :
.-Ain'ncl —%col_ﬂ*. _Anud o A;mri"dv—lécol B/ ! ’ B T ‘,I Aco[ - (C‘B )
K PR o E o col’ mrd m( . " panel’ o :

Thus span deflect1on ratlo for the d1agonal span can be

defxned 1n terms of the column str1p»deflecti0n-and span.

R o © Voanel o eol’ ' - ’
AT (8,04 94 ; :
copanel [-l me cu( -rnd 1 ’ l et '
R - : " . e
. Y v er{]rmd rnl ﬁ;nnwl S ‘
- - . ‘\
& : S
e . \ o
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If the slab is not to exceed the spén—deflqétion ertgrioﬁj'

l rm:/.‘nlu,ml.i ‘ 1 Py ) ' ) . ‘
R I I ’ ] : L
1(‘”[ ‘t‘u/ mnl“ ol panel { { l ] §’ { I
.3 o ’ ! 8 min [ I .
a-p ) -

. l'.

SLCREETD

N

If we consider the slab moment distributionAas assumed in".

the Direct Design Method, the load and deflection in the

column strip for an interior span will be:

| " . wl {: - i

L ‘ e By 8

/ ° panel

T
s

Therefore the total moment will be

2

w[lv ' 1] ¢
Branes ¥

This‘allows us to write load in the column strip as,

M =175 65 + 60X 35)
-

3 -’
. w[l

. ﬂptzrwl .
and the deflection coefficient 1s . (see k2)

B =1613B,,, g

semp

IS . P

Simila:lygthié7éan be ‘done in the middle strip;

- ,// 2 . :
S , . 2 [l T 2 /
o M =25x650 <« — s

¢ LR-T I S

Cpane! T
N o
" Y -3
Mm =.40X.35 LL'Il - »
v . . 8‘ panel | !

T o

~
Ks

(C-34)
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\ , . o
wTheretore the total moment will be, .
. . *
. ' et
. i an
M 2025%x 65 + 30 3500l — !'—-—— l
. o ) 1‘8 { *
‘ ~ o ———— ALt
- , Ty . .
"~ the load in the "middle E;rip, .
1 s ) .
T w, = 3025 wl, v - (C-36)
- T . M i
- and the deflection coefficient is equal to . =%
. . * . ’.J/ A
> I}rmd = 3354 B.\'lmp o (C—3‘7 )
4
R i“'m.“" » ‘:« ‘
1f we conservatzvely assume that I ig 1s egual to 1I. col* the |

spanrdeflectlon crlterlon can be written in terms of the

design load and panel aspect ratio.

‘ (3025wl 3554 p
-

e il

6975 1613 p panet
{ ! el e k l
o pan : lé 2’_1 (c-38)
A('0( . - min 6 min
& ’ ’ (1 +.B’.’ )2
o pqne/ o
which redyces to ‘ ' R
VR (P P IH
A .o e panel [ l [[]
AC‘)l'l 7 . o - %, ) max 8 max
(I+B“ 2 - -
N T
[y Nt

This relat1onsh1p is used in: the span- thlckness equat1on

when usxng the deflect1on span rat1o and . 1s 1Ecluded as k

k; ’ & - N g l‘;"
~ - 1 ‘ 3 -
: ' - T (+ B[nrwl) . ) . ‘
kl: -~ > (C—39)
e oo Hl
"‘ . - : ,"_ ‘ - pnnel 1/ ) —,
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C.5 Location Factor - K - {

This fector (kzy is aerived‘frOm an elastic beam
[ ; ;

’
{

deflection equation, as was ddne by Rangan. The derivation

was extended to put the ‘midspan deflection in terms of the

_ _ P )
positive midspan moment, .

An addjtional factér,”w d,'.has been included in k2 to

account for varylng loaos and material propertles of the

slab at dlfferent 1bcat10ns The different loads were

., *

. céTtulaﬁed u51ng the Dlnect Design moment flélds to estxmate

.

an equlvalent uriit Ioad on the column strip, allowlng the

. A'

use of the de51gn loads For example if sixty percent of the

de51gn load is 1nfluenc1ng the column strip, a factor of 1.2-

(60 % of the léad "diviided by 50 % of the w;dth) wouldfbe
iused. A factor ef'l. 0 was used in ‘the case of 3 simuly
supported twor- way elab ahdnthisfwas celculated usin§ the
Flllerborg strlg method and assuming the load would d1sperse
equally in both difectlons. The second part of calculat1ng'
load ‘is, evaluatlmg any change in material propertles . The
only materlal,prope:ty con51de;ed was shrlnkage. It,waé

assumed that hifferent minimum values of‘I' due to f‘ should

" be uSed'in.different'loeatﬁons.jThls derivation. assumed feo
~ woul iequa;m.BQ/YZ fo'interibp,spans,.45/f§ va e}ter;or‘
'spansuand simply'supported‘slabs. All the variables '

K

,dlscussed in this sectlon are summarlzed in Table C 2 along

with the recommended valuas for k2

. , o -

o



e ) T 74
. o < .o
‘Location Factor k
’ ) . Q ’ N 2 [N
1t ve considdr a simply supported beam with end -

moments, the midspan deflection can be written. as

«

! »
un ’ . ! K ‘
e C s M M v 2 -
] Az — — _ —_ " P -
° 18 K1 16 El » (c-40)
Q
Therefore s
12
A= ——(5M _3(M +M.)
18El 0 0o
This /can be rewritten as
: 502 \ _ '
C . A= — (M ~ 6M +Y ) (C-41)
: | 18EI o L

4 vhich is the equation that ‘Rangan'® used in his
Span-Effective Depth formulation. We can extend the
deflection equation with the following relationship between

the moments.

LN
M +M) N ! _
> v o= { r Ny (C 42) ‘
v 2 ’ -om 8
= i
5 MA+MI=2AM — M ) )
. . r /] m
This gg,és QS '
” 4 | B ) . .
.5 v e T (C-43)
A= —= (M ~12(M - M ), - -
N 48E7 o e m v " .
2 “ - . v. v’
. 56M M ‘
= —112—""_02) - C-ag) .
T E 18ET ’ .'"’” ' ' .
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but 2 : - .
. _ wl”
¥ . \
Therefore ‘
5wl ‘w,,, ’
= 12— —02) AC-
384T M (C-43)
M wl?
A=) (12— _02)— (C-46)
e El
Therefore I
- v A ‘
. TR o= 12—_02)" (C-47)
. TBEp 2
~/ = \\\ ‘

. . . L . , . .
This relationship is used in the Span-Thickness equation as

k2 % ! I
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»Table C.2 values used in-Location Factor

£

Simply | Exterior Span | Interior Span
Supperted
load .
1 1
*fe 742 7742 1.0
Load 1.5 1.43 1.40
— — e e e . _— et e ] e — — e e — A —_—
Total Factor s 1.06 1.01 4.4Q
M. \
i 1.00 0.45 0.30
L o_ _ _ _ Lo _ 1 S Y
M )
1.2 ﬁﬂ - 0.2 ° 1.00 0.45 - 0.16
H :
k, : . 0.98 1.42 1.65
4k2 with a . 1.08 1.56 . 1.81
included )
- +

Notes:

' ' - ‘ ‘ R
1.The moments are calculated from the Direct Design
Method = ‘ '

2.The a value included with k2 is‘Qhe minimum value
. R 2 . E . . . . o
‘* ratio oﬁ\?1n1mum‘value of Ié ugfng'ﬁ}fferent fei

. o, "
& . . -

wvalues
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Shoring Load Ratios
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©

Grundy s and .Kabaila's?* method og}analysls presented in
1960 useS'construction load ratio§ (R). These ratxos were
calculated assuming one shoring sequence The order of
operatlons assumed was:

1.- Erect shores and formwork on new level and cast slab.

2. .Strip the formwork and shor®s on the lowest level of

shorlng and in the case where reshores are used ,
reshore that level.
3. When reshoring is used, remove the lowest level of

reshores.

Repeat Step 1 : (/ ~.

o .
The analysis calculated the load ra%{os by dlstrlbutlng

'

the welght of the floor cast to the supporting floors using

‘the stiffnesses of the slabs In their analysis Grundy and

L~

Kaballa assumed the ground level to be rlgld and therefore
T

until the shorlng is above the AQround floor,pone of the
slabs take any load. The loads are then allocated to the
’floors as follows;‘

-~

]f Allocate the we1ght of the slab cast in step to the
?.supportlng floors SO each floor deflect the same amount
.2. Allocate the load in the lowest level of shores to_the‘
floors above 50 they have equal deflectlons When the
shores are removed 1n step 2 The floors below these‘
o shores, when reshor1ng is used will rebound upward and.

these floors w1ll only be support1ndﬁthe1r own welght

Repeat ‘the f1rst calculat1on L
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If the slab thicknesses are assumed equal the loads.
will be proportioned according to the floor's Modulus of

Elasticity (EC). In this thesis a seven day construction

vy

cycle was assumed. Table D.1 shows the calculated Modulus of

Elasticity of the floors at dlfferent times compared to that

of E at twenty eight days and the.values 1n’Table D. w?;ﬁ

used to calculate the load ratlos. *

Table D.2 provides the maximum load ratios for a series

of éhorihg systemg. The Table fllustrates‘fhab'the q?e.load

X

ratios are hlstory dependent wlth the ratJos fluctuatlng on

LY

the lower "floors and conveng1ng to a constant ratio at
hlgher levels. In this thesis only the converged value of
the load ratio was considered. In'c;ées of a 2 + 7 and 2 ¥ 3
shoring systemé these values WIll be valldgfor any floor
above the 51xth level (2 + 1) and the'nnnth level (2 + 3).

| ACI:Comm}ttee 347:tecommend§”d5q.:0—1‘be used:tol

- insure the slab's Eapqpity.

\ .

w f (t)
wo o< Blt C (p-1)
con F.S. fC .
wbete"W' Z . =maximum_ load 1mposed on’ the slab durlng
;' construction.
’ 'vQ," . ) » '- o - . -
t' B = ’. ) o ) . ‘ -_+ ‘
Cor =l x 1 X R _L0X wsl b 2.4 or 316 k?a '
fc(t) -strength of-the concrete at the t1me when"
chon ogcurs, t is* the t1me in. days
'wsfab . . '=weight ot slab ,
yuit ’ =p}t1@@te_destgn:loadr* 0.
F.S. ~=the factor of safety, 1.4 is recéommended.

/.



Table D.1 Modulus of Elasticity of Concrete at Different

Note:

. Ec(t)
. Age E (28
7 0.84
14 0.94
21 0.98
+ .28 1.00
35 _ 1.02

The Age is.the number of days since placement of

cornicrete

[

Table D.2.Construction Shoring Load Ratios for Different

»
N
‘—d"

u
¥

Sh¢ring SYstemE;;\A?Z:B

Floor - Load Ratio :
Level (2 +0) (2 + 1) (27 + 2) (2 + 3)
G - - - _
1 1.52 1.36 1.28 1.22
2 '2.28 1.86 . 1.28 1.22
3 1.92 1.76 1.78 1.22
4 2.09 . 1.81 1.63 1.73
5 2 2.01° .1.78 1.70 1.56
. | 6 ~2.05 | 1.79 1.67 1.64
7 . 2.03 L 1.79 1.69 1.60
‘- 8 2.04 1,79 1.69 1.62
9 l 2.04 . .79 1.69 1.61
10 ° [ 2.04 « 1:79 1.69 1,61
1", 2.04 < 1.79 | 1.69 1.61
12 0 2.04. .| 1.79 1.69 1.61
R 4 Y i ’
" Notesy:

1) The ishorin

g systems_are designated by;

(No. oft'Shores + No. of Reshéres)

2) The load ratips were calcu

K §
Al

¥ r
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lated using a varying E.
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The complete results of the parameter study are tabulated in.
Table E.1 on the next page. The table list the minimum

calculated span deflection raéigs for the 344 simulations

evaluatéd. The table includes the slab designation, span
deflection ratios for total, incrémen@a{, live load, and
construction load deflections. Their 1oc;tions are also’
showrt. The parametgrs‘evaluated in each simhlation are
described by the slab designation. The parameters are
\described in.the following manner. '
AA:BBB:CCC:DDD:EE:FF:GG -
where AA slab type : FP Flat ,Plate
BP Flat Plate with edge beams
DP Flat Slab with drop panels
VP Flat Slab with drop panels

of various thicknesses

BBB. slab thickness(mm); .90h_, h_, 1.10h
e . m’ 'm m
FpP 160,175,195
BP . 145,160, 175
DP 170,190,210
4% 170,190,210

Coe
o CCC geometric properties

FP-aspect ratio; 1.0,1.5,2.0
DP-aspect ratio; 1.0,1.5,2.0
,,(phiékness of drop panels

, below slab:0.25)
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Bﬁ—stiffness ratio of edge
beam and slab; 0.8,2.0,3.0
(aspect ratio equal to 1.0
in all cases)
_ T' VPjrelativelthickness of drop
éanel below slab; 0.50:0.75

(aspect ratio equal to 1.0
. . "

in all cases)

DDD service live load (hPa); 1.9, 2.4, 4.8

4'EE vconcrete‘stréngth {MPa) : 20,'30

““FF effective modulus of rupture multiplier of
~ f ; 0.60,0.30~
BK; construction load -A, load from 2+3 shoring system
Y
-B, load from 2+1 shoring system
The construction span-deflection ratios in table E.|I

‘: the results of the finite element program described in

Ppapter 3 and is included to allow for ‘further simulation of
‘different load.histories after the shoring loads gre

removed. The ratios bracketted in Table E.1 ex;eed the ,
'CAN3 'A23,3 Deflection Limits and for total deflection 5.
.Figure E. 1 ihéicates the locataon of the minimum -~
spa@Fdeflection ratios.listed in the‘table.

-
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:160:
:160:
:160:
:160:
:160:;
:160:
:160:
:160:
:160:
:160:
:160:
$160:
:160:
:160:
:175:
$175;
:175:;
:175:;
175

-

Minimum Span-Deflection Ratios’

[ww]
L2600 OW
WRNNWWNN
OSCooocooco

>3

(=N Yol
—_ - N

. .\ﬁ. . . . . . .
KN

L N

mwwwmwwmwmwwwmww

o
50O
el g e R R R oy o g R = R =R = = P P

WNNWWN

co0cooCcoo

2583 484  (213)
1601 (300) (132)
4059 761 . 335
2187  (325) (137}
5053 751 317
2909 . (433) " (183)
7499 1115 471
1732~ (313) (135)
4000 723 312
2303 . (416) (180)
5937 073 463
852  (298) (146)
3108 517 (221}
7928 . 1319 564
4350 724 o, 309
10603 1764 ° 754
2461 496  (217)
6276 1264 . 553
3443 694 304
8394 1691 740
1331 (466)
3013 1054 = 515
1820 636 311
3975 1390 679
3342 . 586 252
8462 1484 638
4428 776 © 334
2646 560 247

6699 1418 . 625

3506 742 327
1517 * 531 259
3436 1202 587

1969  -689 336
3063 (439) (182}

7581 1089 452
- 4370 627 260
10323 1481 615

2425 (424) . (18D)

1726

‘1168 |

595
1518
833
2030
686
1562
937
2048
682
1726
303
682

903

781
1770
1014

471

672
1588
471

*»seé Figure'Eil for location of‘mihimum'spanfdeflectipn

ratio
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&
Minimum Span-Deflection Ratios cont inued
Slab Designation Loc In In “In In
A Ainc Atot Acon
FP:175:1.0:2.4:20: .6:4 9 6010 1050 445 1168
FP:t75:1.0:2.4:30:.3:A 9 3459 604 256 672
FP:175:1.0:2.4:30:.6:4A 8; 8172 1428 606 1588
FP:175:1.0:4.8:20:.3:4A 1 1176 (400) . (192) 556
tOJFPI175:1.5:1.9:20:.3:A 10 4328 . 685 7292 761
FP:17%:1.5:1.9:20: .6:4 4 10862 1745 . 733 1910
FP:175:1.5:1.9:30:.3:A 3 6502 1045 "-439 1143
FP:175:1.5:1:9:30: .6:A 4 14375 2310 ,970 2527
FP:175:1.5:2.4:20:.3:A 10 3426 667 287 761
FP:175:1:5:2.4:20: .6:A 4 8599 1675 720 1910
FP:175:1:5:2.4:30:.3:A | 3 5147 1002 431 1143
FP:175:1.5:2.4:30:.6:A 4 11380 2216 953 - 2527
FP:175:1.5:4.8:20:.3:4A 10 1818 618 296 860
FP:175:1.5:4.8:20:.6:4A 4 4099 1395 668 1939
FP:175:1.5:4.8:30:.3:A 3 2658 304 433 1257
FP:175:1.5:4.8:30:.6:A | 4 5384 1832 878 254
FP:175:2.0:1.9:20:.3:A 10 4552 771 326 852,
FP:175:2.0:1.9:20:.6:A 4 11744 1989 841 2198
FP:175:2.0:1.9:30:.3:A 4 6274 1063 449 1175
FP:175:2.0:2.4:20:.3:4 10 3604 738 320 852
FP:175:2.0:2.4:20:.6:A 4 9298 1904 - 825 . 2199
FP:175:2.0:2.4:30:.3:4 4 4967 1017 441 1175
FP:175:2.0:4.8:20:.3:A 10 2038 693 332 964
FP:175:2.0:4.8:20:.6:A 4 4706 1601 767 2226
FP:175:2.0:4.8:30:.3:A 10 - 2767 941 451 1309
FP:195:1.0:1.9:20:.3:A 10 4577 628 256 - 635
FP:185:1.0:1.9:20:.6:A 9 11359 1558 - 635 1576
FP:185:1.0:1.9:30:.3:A S 6937 952 388 962
FP:195:1.0:1.9:30:.6:A | .9 15219 2088 851~ 2111
FP:195:1.0:2.4:20:.3:A | 10 3623 606 *~ 252 . 635
FP, . 2-4720:.6:A 9 8993 1504 626 1576
FP:1985:1.0:2.4} .3:A 9 .5492 ‘919 ©382 - 962
FP:185:1.0:2.4: .6:A 9 12048 2016 838 2111
Qﬁ:195:1.0f4. : .3:A 10 1727 568 266 737
:195:1.5:1, 9% .3:4 10 6837 1051 433 1084
FP:195:1.5:1.8:2Q:.6:A | 4 15928 = 9449 1009 2525
FP:195:1.5:1,9:30:73:A 4 10526 1619 667 1669 .
FP:195:1.5:1.9:30:.6:4A 4 21035 3235 1333 ° 3334
(FP:185:1.5:2.4:20:.3:A 10 5413 1011 426 1084
FP:195:1.5:2.4:20:.6:A 4 12609 ' 2354 = 993 2525 |
FP:195:1.5:2.4:30:.3:A 4 8333 1556 .- 656 1669 -
FP:195:1.5:2.4:30:.6:A 4 16653 - 3109 1311 . 3334-
FP:195:1.5:4.8:20:.3:4A 10 2757 906 425 1176

'.*gsee-Figure‘E;I‘for”ldcationiof minimum span-deflection
ratio R » |
- 1 -

P
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Minimum Span-Deflection Ratios continued
Slab Designation Loc 1n In In . In

A Ainc Atot Acon
FP:195:1.5:4.8:20: .6:4A 4 5967 1961 919 2545
JFP:195:1.5:4.8:30: .3:4 4 4205 1382 648 1793
FP:195:1.5:4.8:30:.6:A 4 7831 2573 1206 3340
FP:195:2.0:1.9:20: .3:A 10 - 6803 1103 457 1148
FP:195:2.0:1.9:20:.6:4A 4 17100 2773 1149 2887
FP:195:2.0:1.9:30:.3:4 4 11203 1817 753 1891
FP'1385:2.0:2.4:20:.3:4 10 5385 1058 449 1148
FP:1985:2.0:2.4:20:.6:A 4 13537 2660 1129 2887
FP:195:2.0:2.4:30:.3:4 4 8869 1743 740 1891
FP:195:2.0:4.8:20:.3:4A 10 ° 2944 967 453 1255
FP:195:2.0:4.8:20:.6:A 4 6806 2237 1048 2903
FP:185:2.0:4.8:30:.3:A | 10 4714 . 1549 726 2010
BP:145:0.8:1.9:20:.3:A 10 1786 {276) (119) 329
BP:145:0.8:1.9:20:.6:A 8 4030 . 622 268 741
BP:145:0.8:1.9:30:.3:4 12 2305 (356) (153) 424
BP:145:0.8:1.9:30:.6:A 12 5802 896 - 385 1067
BP:145:0.8:2.4:20:.3:A 10 1414 (265) (117) 329
BP:145:0.8:2.4:20:.6:A 8 31390 598 263 741
BP:145:0.8:2.4:30:.3:A 10 1825 (342) (151) 424
BP:145:0.8:2.4:30:.6:A 12 4593 861 379 1067
BP:145:2.0:1.9:20:.3:A 10 1777 (274) (118) 327
BP:145:2.0:1.9:20:.6:A 8 4080 . 630 271 751
BP:145:2.0:1.9:30:.3:A 12 . 2398 (370) (159) 441
BP:145:2.0:1.9:30:.6:A 12 5832 901 | 387 1073
BP:145:2.0:2.4:20:.3:A 10 1407 - (264) (116) 327
|BP:145:2.0:2.4:20:.6:4 8 3230 606 + 266 751
BP:145:2.0:2.4:30:,3:A | 10 ° 1898  (356) (157) 441
BP:145:2.0:2.4:30:.6:A 617 866 381 1073
BP:145:3.0:1.9:20::3: 10 1759 (272) (117) 324
BP:145:3.0:1.9:20: .6: 8 4091 632 272 753
BP:145:3.0:1.9:30: .3:4 12 2417 (373) (161) 445
BP:145:3.0:1.9:30;;6:A,\“12 5831 300 387 1073
BP:145:3.0:2.4:20:.3:4 |10 1392 (261) (115) 324
BP:145:5:0:2.4:20: .6: A" 8\\33239 607 267 753°
BP:145:3.0:2.4:30:,3:A | 10 1914 (359) “(158) . 445
BP:145:3.0:2.4:30: .6:A | 12 4616 865 381 . 1073
BP:160:0.8:1.9:20:.3:a | 10 2435 © (362) (153) 408
BP:160:0.8:1.9:20:.6:A .8 5794 862: 364 971
BP:160:0.8:1.9:30:.3:A 12 3235 481 (203) 542
’ BP:160:0.8:1.9:30:,6:A 12° 8077 1201 - - 507 1353
;BP:160:0.8:2.4:20:;35A; 10 1928 (349) (150)J' 408
BP:160:0.8:2.4:20:. B:AA 8 4587 829 358 971
BP:160:0.8:2;4:30 (3iA 12 2561 ' (463) (200) 542 -

¥ see Fzgure E. 1 for locatlon of m1n1mum span deflect10n

rat1o
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12
12
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Iny n In In,
N Ainc Atot Acon
6394 1156 499 1353
2480  (369) (156) 416
5850 870 367 980
3368 501  (211) 564
8014 1192 503 1343
1963  (355) (153) 416
4631 837 361 980
2667 482  (208) 564
6344 1147 495 1343
2472  (368) (155) .414
5837 868. 366 978
3394 505 (213) 569
7994 1189 502 1339
1957 (354) (15938) 414
4621 . .835 360 - 978
2687 486  (210) 569
6328 1144 494 1339
3318  (476) (198) ' 511
8217 1179 430 1264
4987, 716 297 767
10935 1569 651 1682
2627  (459)%° (195) 511
6505 - 1136 482 1264 |*
3948 690 293 767 .
8657 1512 641 1682
3414 \'490 (203) 535
8187 /1175 488 1260
5102 732 304 785
10841 1556 646 1668 .
2703 (472) {(200) 525
6481 1132 480 '™ 1260
4039 708 299 785
8583 . 1499 / 636 1668
3443 494  (205) 530
8185 - 1175 488 1259
5120 735 305 788

10814 1552 644 1664

/2726 (476) - «(202) 530
6480 1132 480 1259
4053 . 708 300 788
8564, 1495 634 1664 | |

©2247 . (301)  (125) 323
5155 690 \286 741

cont inued

ratlo o

* see Flgure E 1 for locat1on of m1n1mum span deflect1on
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“Minimum Span-Deflection Ratios continued
______________________________ A= s e e e - e e L.
Slab Designation 4o0c. .In In In In

A Ainc Atot Acon
DP:170:1.0:1.9:30: .3:A 12 ° 2757 (369) (153) 397
DP:170:1.0:1.9:30: .6-4 g 7425 Y93 411 1068
“JDP:170:1.0:2.4:20: .3:8~| 10 1779 (290) (123) 323
DP:170:1.0:2.4:20: . 6:4 9 4081 666 282 741
DP:170:1.0:2.4:30:.3:A 12 2183 (356) (151) 397
DP:170:1.0:2.4:30: .6:A 9 5878 3960 406 1068
DP:47D:1.5:1.9:20;.3:A 10 3053 (456) (191) 499
DP-170:1.5:1.9:20:.6:4A 3 6994 9 1044 437 1142
DP:170:1.5:1.9:30:.3:A 3 3882 579 | 243 634
OP:170:1.5:1.9:30:.6:4A 3 39923 1481 620 1621 .
DP:170:1:5:2.4:20:.3:A 10 2417 (438) (188) 499
DP:170:1.5:2.4:20: .6:A 3 5537 1004 430 1142
‘ P:170:1.5:2.4:30: .3:A 3 3073 - 558 (239) - 634
:170:1.5:2.4:30: .6:A 3 7856 1425 610 1621
\170:1.5:4.8:20: .3:A 10 1170 (402) (194) 569
DP:%70:1.5:4.8:20:.6:4 |. 3 2467 847 408 1200
DP:170:1.5:4.8:30:.3:4 3 1477 507 245 718
DP:170:1.5:4.8:30: .6:4 -3 3398 1167 563 1652
DP:170:2.0:1.9:20:.3:A 10 3057 494 (2098 549
DP>170:2.0:1.9:20: .B:A 4 7251 11172 ‘495 1301
DP:170:2.0:1.9:30:.3:A. -3 3746 605 256 672
DP:170:2.0:1.9:30:.6:4A 4 10410 1682 710 1868
DP:170:2.0:2.4:20: .3:A 10 2420 (474) (205) 549
DP:170:2.0:2.4:20: .6:A 4 _ ' 5740 124 = 486 1301
DP:170:2.0:2.4:30: .3:4 .3 2965 581 251 672 |~
DP:170:2.0:2.4:30: .6:A 4 . 8241 1614 - 698 18§§
DP:170:2.0:4.8:20: .3:4 10 1288 (442) (213) 626
DP:170:2.0:4.8:20: .6:A 4 2769 851 458 1347
DP:170:2.0:4.8:30:.3:4A 3 1568 538 260 762
DP:170:2.0:4.8:30:.6:A 4 - 3898 1338 ° 645 18395
DP:1S90:1.0:1.9:20:.3:A 10.° 3107 (397) (161) 402
DP:190:1.0:1.9:20:.6:A 9 7994 1021 415 1034
DP:190:1.0:1.9:30:.3:A - 12 4019 - 513+ (208) 520
DP:180:1.0:1.9:30:.6:4 |- 9 11098 1417 576 1435 -
DP:190:1.0:2.4:20:.3:A 10 2460 -. (384) (159) _ 402
DP:190:1.0:2.4:20:.6:A g 6329 988, 409 1034
DP:190:1;0;2.4;30:.3 A 12 - 3181 497 “ (206) 520
DP:190:1.012.4:30:.6:4 9 8786 1372 ¢ 58 - 1435
DP:190:1.5:1;9:20:.3 A 10 4327 617. 253 636
DP:190:1.5:1.9:20:.6:4 -4 10746 1532 629 1578.
DP:190:1.5:1.9:30:.3:a | - 4 5548 781 325 . 815
DP:IQO;I.S:J.Q;BOf.S A-4--4 14943 2131 . 874" 2195 |~
DP:190:1,5:2.4:20:.3 A 10 3425 - 595 249 636

* see Figure E.1 fot,location of minimum span-deflection’

ratio T L e,
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Minimum Span-Deflection Ratios
Slab Designation In
< A con
DP:190:1.5:2 .4 1.6 1578
DP:190:1.5:2 . 4- .3 815
DP:190:1.5:2.4730: .6" 2195 %
DP:120:1.5:4.8: 1.3 697
DP:190:1.5:4.8: .6: 1626,
DP:190:1.5:4.8:30:.3: 902
DP:190:1.5:4.8: .6: 2216
DP:190:2.0:1.9: .3: 704
. DP:180:2.0:1.9: : 1768
DP:180:2.0:1.9:30: .3 884
DP:190:2.0:1.9:; .6: 2511
DP:190:2.0:2.4: .3: 704
DP:190:2.0:2.4:20: .6 1768
DP:190:2.0:2.4: L3 884
DP:180:2.0:2.4:30: .6 2511
DP:180:2.0:4.8:20:.3: 772
DP:190:2.0:4.8:20:.6:4A 4 1812
OP:190:2.0:4.8:30:.3:4 4 -850
DP:190:2.0:4.8;30:.6:A 4 5774. 1914 902 2525
DP:210:1.0:1.9:20:.3:4A 10 4338 531 {212) - 510
DP:210:1.0:1.9:20;.6%A(‘ 9 11513 1408 563 1352
: :1.0:1.9:30:.3:4 12 6274 768 307 737
: :1.0:1.9:30:.6:4 [ .9 15833 .. 1937 774 1860
: 01.0:2.4:20:.3:A 710 3434 514  (208) . 510
:210:1 092:4:20: .6:4 9 9114 1365 - 555 1352
: $18:2.4:30:.3:4 | 12 4967 = 744 303 737
: :1.0:2.4:30:.6:A 9 12534 - 1877 764 1860
DP:210:1.5:1.9:20:.3:4A 10 ° 5898 80 325 787
DP:210:1.5:1.9:20:.8:4 4 18337 209 ' 846 2046
DP:210:1.5:1.9:30:.3:A 4 8477 1159 467 1131
BP:210:1.5:1.9:30:.6:4A 4 21373 2921 1178 2852
OP:210:1.5:2.4:20:.3:4 10 4668 -~ 778. 321 787
DP:210:1.5:2.4:20:.6:4 -4 12142 o 2024 833 2046
i’ DP:210:1.5:2.4:30:.3:A 4 6711 1119 461 1131
OP:210:1.5:2.4:30: .6:A 4 16920 2820 = 1161 2852
DP:210:1.5:4.8:20:.3:A 10 2275 729 - 337 903
D®:210:1.5:4,8:20" .B:A 4 - 5284 1694 . 782 2099
DP:210:1.5:4.8:30::3:A | .4 - 3216 1031 476 1277
DP:210:1.534.8¢30:.6:A- 4 7231 2318 . 1070 2872
DP:210:2:0:1.9:20:.3:A -0 61029 8393 363 884
DP:210:2.0:1.:9:20:.6:A ‘4 - 16023 2374 965 - 2349
DP:210:2.051;9;30:.3:Av 3 . 8780 1301 529 1287
DP:210:2.0:1,9:30:.B:A 4. 22379 ' .3316 = 1348 3981
' % see Figure E.1 for location of minimum span-deflection
v ratio ¢ _ Ty
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Minimum Span-Deflection Ratios cont inued -
Slab Designation Loc In In In In
- A Ainc Atot Acon
DP:210:2.0:2.4:20:.3:4 10 4773 860 358 884
DP:210:2.0:2.4:20: .6:A 12685 2286 950 2349
DpP 210:2.0:2;4:30:.3:A(, 3 6951 1253 521 1287
DP:210:2.0:2.4:30-.6:4A 4 17717 3192 , 132 3281
DP:210:2.0:4.8:20-°3:4 10 2431 780 360 366
DP:210:2.0:4.8:20: .64 q 5988 1820 - 886 2378
DP:210:2.0:4.8:30:.3:A 3 3446 1105 - 510 1369
DP:210:2.0:4.8:30:.6:A 4 8275 2653 1225 3286
VP:170:.50:1.9:20:.3:4 | 12 2799 (374) (155) 403
VP:170:.50:1.9:20:.6:4 10 7242 969 401 1042
VP:170:.50:1.9:30:.3:A 12 3634 486 (201) 523
VP:170:.50:2.4:20: .3:4 12 22716 (362) (153) 403
VP:170:.50:2.4:20: .6:A 10 5733 936 ‘395 1042
VP:170:.5042.4:30:.3:A 12 - 2877 (470) (198) 523
VP:170:.75:1.9:20:.3:A 12 - 3531 (472) - (196) 508
VP:170:.75:1.9%20:.6:4 10 9982 1335 553 1436
|VP:170:.75:1.9:30:.3:4A 12 5654 756 313 813
VP:170:.75:2.4:20:.3:4A 12 2795 (456) (193) 508
VP:170:.75:2.4:20:-'6:A 10 7903 1290 " 545 1436
VP:170:.75:2.4:30:.3:A 12 4476 731 309 - 813
VP:1983 50:1.9:20:.3:a 12 3880 496  (201) 502
VP:190 50:1.9:20;:.6:4 [ 10 10890 1391 565 1408
YP:190:.50:1.9:30:.3:4 | 12 5924 759 < 308 769
VP:190:.50:2.4:20:.3:A 12 3071 (479)  (199) 502
VP:190:.50:2.4:20:.6:A 10 8621 1346 557 1408.
VP:190:.50:2.4:30:.3:4 12 4706 , 735 304 769
VP:190:.75:1.9:20:.3:4 12 5455 697 ° 283 705 -
‘VP.190'.75:1.9:20:.6:A 1 10 14961 911 776 1935
VP:190:.75:1.9:30:.3:4 12 3368 1197 486 1211
VP 190:.75:2.4:205.3:A 12 4319 _ 674 279 705
VP:190:.75:2.4:20:.6:A | 10 11844 1849 766 1935
VP:190:.75:2.4:30:.3:A 12 7416 1158 = 479 1211
VP:210:.59:1.9:20:.3:4 12 5660 692 - 277 665
VP:210:.50:1.9:20:.6:4 | 10 15617 1811 763 1835,
VP:210:.50:1.9:30:.3:4 12 7 9403 1150 . 459 1105
VP:210:.50:2.4:20: 3:A 12 4481 671 . 273 665
VP:210:.50:2.4:20:.6:4 10 12364 1851 753 183
VP:210:.50:2.4:30:.3:A 12 7444 1115 454 110
VP:210:.75:1.9:20:u3:A .12 8717 1066 - 426 1024
VP:210:.75:1.9:20::6:A 1..10 20816 2547 © 1017 2445
|VP:210:.75:1.9:30:.3: 4 |' 9 16231 1986 793 1907
VP:210:.75:2.4:20: 3:A | 12 6901 1033 421 1024
.vVP:210 75 2.4:20: BLA 10 16480 2468 - 1004 2445

F
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oo see Fxgure E. 1 for locatxon of m1n1mum span- deflect1on
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Minimum Span-Deflection Ratios continued
Slab Designation Loc. " 1In In In In
A1 - Ainc Atot Xcon
VP 210:.75:2;4:30:.3:A 9 12849 1924 783 1807
FP:160:1.0:1.9:20:.3:8B 9 2044 (304) (125) 317 |
FP:160:1.0:1.9:20:.6:8B 10" - 4500 . 670 275 698 -
* (FPI160:1.001.9°30:.3:8 | 12 opde (394)  (161) 410
FP:160:1.0:1.9:30:.6:8B 9 7097 1056 433 1100
FP:160:1.0:2.4:20:.3:8 9 1618 (293) (123) 317
FP:160:1.0:2.4:20:.6:8 10 3563 644 270 698
FP:160:1.0:2.4:30:.3:8 12 2095 (379) (159) 410
FP:160:1.0:2.4:30:.6:8 9 5618 1016 426 1100
FP:160:1~.5:1.9:20:.3:8B 10 2941 4380 {203) +521
FP:160:1.5:1.9:20:.6:8B 4 7262 1209 502 1286
FP:160:1.5:2.4:20:.3:8 10 2328  (469) {200) 521
FP:160:1.5:2.4:20:.6:8 4 5749 1159 493 1286
FP:160:2.0:1.9:20:.3:8 | 10 3153 5563  (231) 595
FP:160:2.0:2.4:20:.3:8 10 2436 529 (227) 595
FP:175:1.0:1.9:20:.3:B 10 2860 (408) (166) 408
FP:175:1.021.9:20:.6:8B 7 6791 971 393 968
FP:175:1.0:1.9:30:.3:B 12 3851 550 (223) 549
FP:175:1.0:1.9:30:.6:8 9 9885 1413 572 1409
FP:175:1.0:2.4:20:.3:8 |10 2264 (394) (163) 408
FP:175:1.0:2.4:20:.6:8B 7 5376 - 936 387 968
FP:175:1.0:2.4:30:.3:8 12 3049 530 (220) 549
FP:175:1.0:2.4:30:.6:8B 9 7826 1362 564 1409 -
FP:175:1.5:1.9:20:.3:8 10 3932 629 258 641
FP:175:1.521.9:20:.6:8 S 103 1662 682 1692
FP:175:1.5:2.4:20:.3:8 1 31?§—> 604 - 254 . 641
FP:175:1.5:2.4:20:.6:8B 4 8222 1595, 670 1692
FP:175:2.0:1.9:20:.3:8 [ 10 4310 727 300 748
FP:175:2.0:2.4:20:.3:8 10 3412 696 295 748
FP:195:1.0:1.9:20:.3:B 10 4179 568 (227) 538
|FP:195:1.0:1.9:20:.6:8:| 9 10812°. 1469 587 1392
FP:195:1.0:1.9:30:.3:B 9 6186 ~°,:841 _ 336 - 797
FP:195:1.0:1.9:30:.6:8B 9 14608 - t985.. 793 - 1881
FP:195:1.0:2.4:20:.3:8B 10 3308 - 548 - (224) 538
FP:135:1.0:2.4?20:.6:B 9- 8559 1419 579 . 1392
FP:195:1.0:2.4:30:.3:8 | |9 4897 ~ 812 - 331 797
FP:185:1.0:2.4:30:.6:B | "9 11564 1817 782 1881 -
FPT195:1.5:1.9:2O:.3:B 10 5976 911 368 879
{FP:195:1.5:1.9:20:.6:8B 4 15063 2295 - 928 2217
| FP:195:1.5:2.4:20:.3:8 10 4731 .876 362 879
FP:195:1.5:2.4:20:.6:8 4 11925 2207 813 2217
|FP:195:2.0:1.9:20:.3:8B 100 6260 1006 409 -~ 981 | .
FP:195:2.0;2.4:20:.3:8 | 10 4956 965 402 - 981 4

% see Figure E.1 for location-of minimum span-deflection .

- !

ratio ‘ ‘ __‘ ' (/



192

R L™ B

2 10 4 12,
— 7 O O O
al I O N
N

Figure E.1 Location of- Minimum Span-Deflections



193

Figures E.2-E.4 illugtrate the redistribution of the
moment due to cracking in the slab undér construction
loading. The loads move away from the interior supporé as
shown by the high negative moment in the elastic analysis,
Figure E.2, to both the interior and exterior midséans
(Figures E.3 and é.4); The redistribution is more pronounced
when the Effective Modulus oﬁ.Ruthre is .30/?2, Figure E.3,
than when .GOVYZ'is used. The m6ment fields shown in F%gures
E.3 and E.4 were found using the reduced stiffnessvof thes
slab due to cracking without any yielding of thé reinforcing
Steel. These moment fields are different than ﬂkaﬁ assﬁmed
by the Direct Design Method. But, no yielding of the
reinforcing steel occurs at service loads and Eherefore, it
can be concluded that for the slabs analysed that the momgpt
field in the slab.at service loads is different than at
ultimate loads. ‘

It 1s interesting to note that the slab arohhd the -
exterior column does not crack as much as the interioéﬁﬁﬁﬁ
éolumn, shown in Figures E.5 and E.B, and g@e maéﬂitude df N
" the positive_brincipal moments in the extior and interior
panels are almost qual. Thié{expiains'why in‘some ca;eé”tzg
minimum séanﬁdefléction,ratio'ié locate@ in thé‘inﬁkrib{‘)

panels.
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C.4 Slab Factor -

3

The Slab Féctor (k) derived'on/the following pages wa's

completed by assuming the silab could be modelled as aasumed

in the Direct Design Method, and that the Moment of Inertxa

s

of the slab column str1p was the same as the m1ddle strlp
“ The crossing beam analogy was used in the der1vatxon
It assumes that the slab middle and column.stflps Can be
modelled as wide beams with Jnlﬁorm loade,lellowingmthﬁ
midpanel deflection to be caltulated b§ summing theﬁcolumn}

and middle strip deflections. The ‘magnitude of EEZ uniform

loads were calculated using the moment fields from the
Direct Design Method. The use'of_the moment fields from the

Direct Deéign Method should profide‘a realistic moment

'distfibution, since most slabs a e designed ysing thé Direct

: : j - : -
Design or. EQuivalent Frame Methods' which have similar -

: |
moment fields. C -

The last assumption used was that the middle and column
strips would have the same stiffness. If one assumes that

all the middle strips will have minimum reinforcement of

.25 % and the column strlp has typically .3 to .7 % .

r 4

"re}nforc1ng steel, Egs. C-14 and C-15 shows that the column .

strip will not as stiff. The assumpiion of similar .

stiffnesses can thus be considered as conserkaive.

. ‘_. : 16§
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Slab Factor k{' L
1f we cnnsider the slab column and middle strips as a
number of crossing beams, the middle panel span-deflection

o
‘ratio can\be written in terms of both the column and middle

strlp span- ébflectlon #aYios.
" Let '///, ' | , - i
S | 0

(\‘/\\ Mlnlmum Span — Deflection ratio = ’ -

'

7 -
hzm

If the column strlp span 1s always longer than the mlddle

str1p the spans ‘can be written as

N Itul = Il and [mld - B-_—b_ ' . .
T ‘ © . Tpaned
, . ‘ T
Also column and middle deflections can. be written as
. T md |4 ~ :
v<'01~ ﬁ(‘l)(E[ [l‘./ and Am:d:ﬁrmdp ] ‘ (C-3O)
¢ col LT c mld (ﬁpanel -

“The middle strlp deflectlon can then be wrltten in terms of

.

the column strlp deflecthn : .
Lo T md . . » . Bmadlcblwmxd 1 ¢
"}rmd = ‘Acnl which is Arma’ = I - Q; col )
) a o ﬁco{ ud col Bpan {

co( \

and the m1dpane1 deflect:on cen be wrltten in terms of the

column strlp deflectzon as. well’ ”. o o o .
(R T 1B ey
- o . . . . n,u col mxd 1. |- ‘ :
.-Ain’ncl —%coljﬁ' .Am:d e A;mri,'d“—AAcol B/ 7 ' g - } *I ..\w[ . (C‘3 1)
S PR N Lo L B C col mrd m( . ' panel . }

Thus span deflect1on ratlo for the d1agonal span can be

defxned 1n terms of the column str1p»deflecti0n-and span.

R A : C S oened o ) -
. i —_— - (Cc-32)

‘-A.'-}I";Tf‘l;;"i [-l ‘_" B dlcul -mJ 1 ]"’I l ‘,Acul
v ‘ﬁ;"",.[ . . ‘ S o

Y B(‘n{]rmd rul

o e e c , BRI




i~ + 1 7 1
5 If the slab is not to exceed the spén—deflqétipn criterion = .
l nu/ of ,rru { i ‘ . N ‘ o : o
[ |- b1 b, ’ , R
col ~ ~ - -1 ) B { t l - ’ { I . (C““3 3 )
A.'u/ ' !) S mr 8 nin’ oo ' T i
a - l/:m- I .‘ '

I1f we consxder the slab moment distribution as assumed 1n

} . -;- ;"
the Direct Design Method, the load and deflection in the '
column strip for an interior span will be: '

| " : wll l-f - .
' M =75% 65 —— — :
LA € \ 8
) pgmel .
\ | N )
[ , w1
R M. =60x 35 - .
S m 8 . .
\ V4 R panel B s
Therefore the total moment will be - . e
J w“"@ .
M =1(75x 65 + 60X 35) —
v e mne» ’
This‘allows us to write load in the column strip as,
) : ‘ “ (C-34)
b= C-
= 8975 ‘
B panel ) .
and the deflection coeff1c1ent 1s . (see k )
. - _ ‘ . ) 'o “>
By = 16138 - - (C-35)
Simila:lygthi£7éan be "done in the middle strip
S | -
T 2.
ST E . < [1 1 2. . /
o M’ =25 65wl Ll~—
¢ 1 3. ‘} o
. T pane
L N ‘ N
I :
" Y 1 .‘-
M =40%x35 wll - l .
v " 8 p;)nnel !
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\ , . o
wTheretore the total moment will be, .
. . *
‘ : A )
- . [l ‘ - A} .
B : M =125 65 + 40 35)wl —!'—w— l
. o l‘g N
¢ o —— : janeted
N ‘ ¥ . '. -, \\, . "
"~ the load in the "middle E;rip, .
H - ‘ )
T w, = 3025 wl, i - (C-36)
- T . &
" and the deflection coefficient is equal to . %
. . : . ’.J// A
N Ir}’"ld :‘ 3554 Bs[mp - (C—.3‘7)
4
, v-‘-T."" . - ‘:« .
1f we conservatzvely assume that I mid 1s equal to I ol” the
spanrdeflectlon crlterlon can be wrltten in terms of the —
de51gn load and panel aspect ratlo.
: ‘ , i 3025 lU[l,3554 B“mp I 1 !4' , -
Cwl R
6975 —— 1613 panet ,
{ ! p nel e k {
ol _ ol ' lé]'zl_l (c-38)
.3(_0{ . ! min 8 min
& ) 4 (1 +.B’.’ 2
o pqne/ o
which redyces to : ' T
A T : ll+’.6666‘ III
N {
3 coxol - panel [ l [ ! ]
S A .E‘ - - ‘ . ‘
“col 0 - =, max § max
(1 +B“ :
N
[y E Nt
This relat1onsh1p is used in: the span- thlckness equat1on
when usxng the deflect1on span rat1o and . 1s 1Ecluded as k
e -. S o
% . BT !
. —~ . . ) ) -~ 3 -
\/ﬁv\) S . a2 2! :
S TR (+ [nnel) . ) . -
k= — (c-39)
oo Hl
o . S : . A - pnnel 1 / h ) —,
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C.5 Location Factor T " - {

This fector (kzy is aerived‘frOm an elastic beam
[ ; ;

’
{

deflection equation, as was ddne by Rangan. The derivation

was extended to put the ‘midspan deflection in terms of the

_ _ P )
positive midspan moment, .

An addjtional factér,” d,'.has been included in k2 to

account for varylng loaos and material propertles of the

slab at dlfferent 1bcat10ns The different loads were

., *

. céTtulaﬁed u51ng the Dlnect Design moment flélds to estxmate

.

an equlvalent uriit Ioad on the column strip, allowlng the

. A'

use of the de51gn loads For example if sixty percent of the

de51gn load is 1nfluenc1ng the column strip, a factor of 1.2-

(60 % of the léad "diviided by 50 % of the w;dth) wouldfbe
iused. A factor ef'l. 0 was used in ‘the case of 3 simuly
supported twor- way elab ahdnthisfwas celculated usin§ the
Flllerborg strlg method and assuming the load would d1sperse
equally in both difectlons. The second part of calculat1ng'
load ‘is, evaluatlmg any change in material propertles . The
only materlal,prope:ty con51de;ed was shrlnkage. It,waé

assumed that hifferent minimum values of‘I' due to f‘ should

" be uSed'in.different'loeatﬁons.jThls derivation. assumed feo
~ woul iequa;m.BQ/YZ fo'interibp,spans,.45/f§ va e}ter;or‘
'spansuand simply'supported‘slabs. All the variables '

K

,dlscussed in this sectlon are summarlzed in Table C 2 along

with the recommended valuas for k2

. , o -

o
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‘Locatxon Factor k

If we consxdé& a 51mply supported

,woéb .
moments, the mldspan deflectlon can be
o . ’ . ’ »
g s M M am p
s A:-—————" %__I Lo
? i 18 FKI 16 El
o "
Therefore ra
i
= ———(SM - 3M + M.
ABET M, M
This /can be rewritten as
' 502 \
= —*—(11 6mﬁ+nWJ)

- ‘ 2 18Kl
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beam with end -

written as

(C-40)

(C-41)

4 vhich is the equation that ‘Rangan'® used in his

Span-Effective Depth formulation.

We can extend the

deflection equation with the followﬁhg relationship between

the moments.

’M@+h1):2(M -M )
N r . [/} m

This gives us

F 1
ﬂ
A= ————-(Al -12(M - M )
. 48El e T
5°M "y
N = (1 2——*-0 2"

T i8R

l)

(C-42)

C o (c-a3)

Tc-44)

Ty
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but 2 : - .
. _ wl”
¥ . \
Therefore ‘
5wl ‘w,,, ’
A= (12— —02) AC-
384T M (C-43)
M wrt ,
A=) (12— _02)— (C-46)
e T M El : '
Therefore I
- ‘ v A ‘
. TR o= (12 —_02) (C-47)
. TBEp 2
~S i. . o \\

. . . N . , . .
This relationship is used in the Span-Thickness equation as

k2 % ! I
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»Table C.2 values used in-Location Factor

£
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Notes:

1.The moments are calculated from the Direct Design

Method

. 2.The a
" 384

* ratio

wvalues

oﬁ\?inimum

i

value included with k

L.

vaiue Ofvi' u
q .

B I

sing ﬁiffefent fo.

Simply | Exterior Span | Interior Span
Supperted
q’load .
1 1
*fe 742 Y 1.0
Load 1.5 1.43 1.40 :
— — e e e . —_— —_— e — — — J— pu— — _— — e e — e —_—
Total Factor s 1.06 1.01 1.40
M |
i 1.00 0.45 0.30
L o_ _ _ . L 4o S
M ‘ } ]
1.2 ﬁﬂ - 0.2 ° 1.00 0.45 - 0.16
M :
k, : . 0.98 1.42 1.65
4k2 with a 1.08 1.56 1.81
included )
- +

: 3

, is ghe mln;mum‘valug‘
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©

Grundv's and.Kabaila'si‘ method og}analysls presented in
1960 uses'construction load, ratios“KR) These ratxos were
calculated assuming one shoring sequence The order of
operatlons assumed was:

1. Erect shores and formwork on new\level and cast slab.
2. _Strip the formwork and shor®s on thewlowest level of
shorlng and in the case where reshores are used ,
reshore that level.

3. When reshor;ng is used,;remove the lowest level of

) l\reshores. | |

Repeat Step 1 : 4 (/ ~.

The analy51s calculated the load ra%{os by dlstrlbutlng

\

the welght of the floor cast to the supporting floors using

‘the stiffnesses of the slabs In their analysis Grundy and

L~

Kaballa assumed the ground level to be rlgld and therefore
T

until the shorlng is above the AQround floor,pone of the

slabs take any load. The loads are then allocated to the

’floors as follows;‘

1. Allocate the we1ght of the slab castlln step to the
.supportlng floors SO each floor deflect the same amount

.2. Allocate the load in the lowest level of shores to_the‘
floors above 50 they have equal deflectlons When the
shores are removed 1n step 2 The floors below these‘

o shores, when reshor1ng is used will rebound upward and

these floors w1ll only be support1ndﬁthe1r own welght

Repeat ‘the f1rst calculat1on L
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If the slab thicknesses are assumed equal the loads.
will be proportioned according to the floor's Modulus of

Elasticity (EC). In this thesis a seven day construction

vy

cycle was assumed. Table D.1 shows the calculated Modulus of

Elasticity of the floors at dlfferent times compared to that

of E at twenty eight days and the.values 1n’Table D. w?;ﬁ

used to calculate the load ratlos. *

Table D.2 provides the maximum load ratios for a series

of éhorihg systemg. The Table fllustrates‘fhab'the q?e.load

ratios are hlstory dependent wlth the ratJos fluctuatlng on

LY

the lower "floors and conveng1ng to a constant ratio at
hlgher levels. In this thesis only the converged value of
the load ratio was considered. In'c;ées of a 2 + 7 and 2 ¥ 3
shoring systemé these values WIll be valldgfor any floor
above the 51xth level (2 + 1) and the'nnnth level (2 + 3).

| ACI:Comm}ttee 347:tecommend§”d5q.:0—1‘be used:tol

- insure the slab's Eapqpity.

\ .

w f (t)
wo o< Blt C (p-1)
con F.S. fC .
wbete"W' Z . =maximum_ load 1mposed on’ the slab durlng
;f construction.
, ,,.'J . ) » '. o - SR
t' B = ’. ) o ) . ‘ -_+ ‘
Cor =l x 1 X R _L0X wsl b 2.4 or 316 k?a '
fc(t) -strength of-the concrete at the t1me when"
chon ogcurs, t is* the t1me in. days
'wsfab . . '=weight ot slab ,
yuit ’ =p}t1@@te_destgn:loadr* 0.
F.S. ~=the factor of safety, 1.4 is recéommended.

/.



Table D.1 Modulus of Elasticity of Concrete at Different

Note:

. Ec(t)
., Age E (28
7 '0.84
14 0.94
21 0.98
* .28 1.00
35 1.02

The Age is.the number of days since placement of

cornicrete

[

Table D.2.Construction Shoring Load Ratios for Different

»
N
‘—d"

u
¥

Sh¢ring SYstemE;;\A?Z:B

Floor - Load Ratio :
Level (2 +0) (2 + 1) (27 + 2) (2 + 3)
G - - - _
1 1.52 1.36 1.28 1.22
2 '2.28 1.86 . 1.28 1.22
3 1.92 1.76 1.78 1.22
4 2.09 . 1.81 1.63 1.73
5 2 2.01° .1.78 1.70 1.56
. | 6 ~2.05 | 1.79 1.67 1.64
7 . 2.03 L 1.79 1.69 1.60
‘- 8 2.04 1,79 1.69 1.62
9 l 2.04 . .79 1.69 1.61
10 ° [ 2.04 « 1:79 1.69 1,61
1", 2.04 < 1.79 | 1.69 1.61
12 0 2.04. .| 1.79 1.69 1.61
R 4 Y i ’
" Notesy:

1) The ishorin

g systems_are designated by;

(No. oft'Shores + No. of Reshéres)

2) The load ratips were calcu

K §
Al

¥ r
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lated using a varying E.
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Parameter Study Results
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The complete results of the parameter study are tabulated in.

Table E.1 on the next page. The table list the minimum

calculated span deflection raéigs for the 344 simulations

evaluatéd. The table includes the slab designation, span
deflection ratios for total, incrémen@a{, live load, and
construction load deflections. Their 1oc;tions are also’
showrt. The parametgrs‘evaluated in each simhlation are
described by the slab designation. The parameters are
\described in.the following manner. '
AA:BBB:CCC:DDD:EE:FF:GG -
where AA slab type : FP Flat ,Plate
BP Flat Plate with edge beams
DP Flat Slab with drop panels
VP Flat Slab with drop panels

of various thicknesses

BBB. slab thickness(mm); .90h_, h_, 1.10h
e . m’ 'm m
FpP 160,175,195
BP . 145,160, 175
DP 170,190,210
4% 170,190,210

Coe
o CCC geometric properties

FP-aspect ratio; 1.0,1.5,2.0
DP-aspect ratio; 1.0,1.5,2.0
,,(phiékness of drop panels

, below slab:0.25)
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Bﬁ—stiffness ratio of edge
beam and slab; 0.8,2.0,3.0
(aspect ratio equal to 1.0
in all cases)
_ T' VPjrelativelthickness of drop
éanel below slab; 0.50:0.75

(aspect ratio equal to 1.0
. . "

in all cases)

DDD service live load (hPa); 1.9, 2.4, 4.8
4'EE vconcrete‘stréngth {MPa) : 20,'30

““FF effective modulus of rupture multiplier of
- £ ; 0.60,0.30
BK; construction load -A, load from 2+3 shoring system
Y
. -B, load from 2+1 shoring system

The construction span-deflection ratios in table E.I

‘: the results of the finite element program described in

Ppapter 3 and is included to allow for ‘further simulation of
‘different load.histories after the shoring loads gre

removed. The ratios bracketted in Table E.1 ex;eed the ,
'CAN3 'A23,3 Deflection Limits and for total deflection 5.
.Figure E. 1 ihéicates the locataon of the minimum -~
spa@Fdeflection ratios.listed in the‘table.

-
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:160:
:160:
:160:
:160:
:160:;
:160:
:160:
:160:
:160:
:160:
:160:
$160:
:160:
:160:
:175:
$175;
:175:;
:175:;
175

-

Minimum Span-Deflection Ratios’

[ww]
L2600 OW
WRNNWWNN
OSCooocooco

>3
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—_ N
OO

mwwwmwwmwmwwwmww

o
H W W
OOOOOOOOOOOOOOOOOOOOOO

WNNWWN

co0cooCcoo

2583 484 (213)

1601 (300) (132)
4059 761 . 335
2187  (325) (137}
5053 751 317
2909 . (433) " (183)
7499 1115 471
1732~ (313) (135)
4000 723 312
2303 . (416) (180)
5937 073 463
852  (298) (146)
3108 517 (221}
7928 . 1319 564
4350 724 o, 309
10603 1764 ° 754
2461 496  (217)
6276 1264 . 553
3443 694 304
8394 1691 740
1331 (466)
3013 1054 = 515
1820 636 311
3975 1390 679
3342 . 586 252
8462 1484 638
4428 776 © 334
2646 560 247

6699 1418 . 625

3506 742 327
1517 * 531 259
3436 1202 587

1969  -689 336
3063 (439) (182}

7581 1089 452
- 4370 627 260
10323 1481 615

2425 (424) . (18D)

1726

‘1168 |

595
1518
833
2030
686
1562
937
2048
682
1726
303
682

903

781
1770
1014

471

672
1588
471

*»seé Figure'Eil for location of‘mihimum'spanfdeflectipn

ratio
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&
Minimum Span-Deflection Ratios cont inued
Slab Designation Loc In In “In In
A Ainc Atot Acon
FP:175:1.0:2.4:20: .6:4 9 6010 1050 445 1168
FP:t75:1.0:2.4:30:.3:A 9 3459 604 256 672
FP:175:1.0:2.4:30:.6:4A 8; 8172 1428 606 1588
FP:175:1.0:4.8:20:.3:4A 1 1176 (400) . (192) 556
tOJFPI175:1.5:1.9:20:.3:A 10 4328 . 685 7292 761
FP:17%:1.5:1.9:20: .6:4 4 10862 1745 . 733 1910
FP:175:1.5:1.9:30:.3:A 3 6502 1045 "-439 1143
FP:175:1.5:1:9:30: .6:A 4 14375 2310 ,970 2527
FP:175:1.5:2.4:20:.3:A 10 3426 667 287 761
FP:175:1:5:2.4:20: .6:A 4 8599 1675 720 1910
FP:175:1:5:2.4:30:.3:A | 3 5147 1002 431 1143
FP:175:1.5:2.4:30:.6:A 4 11380 2216 953 - 2527
FP:175:1.5:4.8:20:.3:4A 10 1818 618 296 860
FP:175:1.5:4.8:20:.6:4A 4 4099 1395 668 1939
FP:175:1.5:4.8:30:.3:A 3 2658 304 433 1257
FP:175:1.5:4.8:30:.6:A | 4 5384 1832 878 254
FP:175:2.0:1.9:20:.3:A 10 4552 771 326 852,
FP:175:2.0:1.9:20:.6:A 4 11744 1989 841 2198
FP:175:2.0:1.9:30:.3:A 4 6274 1063 449 1175
FP:175:2.0:2.4:20:.3:4 10 3604 738 320 852
FP:175:2.0:2.4:20:.6:A 4 9298 1904 - 825 . 2199
FP:175:2.0:2.4:30:.3:4 4 4967 1017 441 1175
FP:175:2.0:4.8:20:.3:A 10 2038 693 332 964
FP:175:2.0:4.8:20:.6:A 4 4706 1601 767 2226
FP:175:2.0:4.8:30:.3:A 10 - 2767 941 451 1309
FP:195:1.0:1.9:20:.3:A 10 4577 628 256 - 635
FP:185:1.0:1.9:20:.6:A 9 11359 1558 - 635 1576
FP:185:1.0:1.9:30:.3:A S 6937 952 388 962
FP:195:1.0:1.9:30:.6:A | .9 15219 2088 851~ 2111
FP:195:1.0:2.4:20:.3:A | 10 3623 606 *~ 252 . 635
FP, . 2-4720:.6:A 9 8993 1504 626 1576
FP:1985:1.0:2.4} .3:A 9 .5492 ‘919 ©382 - 962
FP:185:1.0:2.4: .6:A 9 12048 2016 838 2111
Qﬁ:195:1.0f4. : .3:A 10 1727 568 266 737
:195:1.5:1, 9% .3:4 10 6837 1051 433 1084
FP:195:1.5:1.8:2Q:.6:A | 4 15928 = 9449 1009 2525
FP:195:1.5:1,9:30:73:A 4 10526 1619 667 1669 .
FP:195:1.5:1.9:30:.6:4A 4 21035 3235 1333 ° 3334
(FP:185:1.5:2.4:20:.3:A 10 5413 1011 426 1084
FP:195:1.5:2.4:20:.6:A 4 12609 ' 2354 = 993 2525 |
FP:195:1.5:2.4:30:.3:A 4 8333 1556 .- 656 1669 -
FP:195:1.5:2.4:30:.6:A 4 16653 - 3109 1311 . 3334-
FP:195:1.5:4.8:20:.3:4A 10 2757 906 425 1176

'.*gsee-Figure‘E;I‘for”ldcationiof minimum span-deflection
ratio R » |
- 1 -

P
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Minimum Span-Deflection Ratios continued
Slab Designation Loc 1n In In . In

A Ainc Atot Acon
FP:195:1.5:4.8:20: .6:4A 4 5967 1961 919 2545
JFP:185:1.5:4.8:30:.3:A q 4205 1382 648 1793
FP:195:1.5:4.8:30:.6:A 4 7831 2573 1206 3340
FP:195:2.0:1.9:20: .3:A 10 - 6803 1103 457 1148
FP:195:2.0:1.9:20:.6:4A 4 17100 2773 1149 2887
FP:195:2.0:1.9:30:.3:4 4 11203 1817 753 1891
FP'1385:2.0:2.4:20:.3:4 10 5385 1058 449 1148
FP:1985:2.0:2.4:20:.6:A 4 13537 2660 1129 2887
FP:195:2.O:2.4:301.3:A 4 8869 1743 740 1891
FP:195:2.0:4.8:20:.3:4A 10 ° 2944 967 453 1255
FP:195:2.0:4.8:20:.6:A 4 6806 2237 1048 2903
FP:185:2.0:4.8:30:.3:A | 10 4714 . 1549 726 2010
BP:145:0.8:1.9:20:.3:A 10 1786 {276) (119) 329
BP:145:0.8:1.9:20:.6:A 8 4030 . 622 268 741
BP:145:0.8:1.9:30:.3:4 12 2305 (356) (153) 424
BP:145:0.8:1.9:30:.6:A 12 5802 896 - 385 1067
BP:145:0.8:2.4:20:.3:A 10 1414 (265} (117) 329
BP:145:0.8:2.4:20:.6:A 8 3190 598 263 741
BP:145:0.8:2.4:30:.3:A 10 1825 (342) (151) 424
BP:145:0.8:2.4:30:.6:4 12 4593 861 379 1067
BP:145:2.0:1.9:20:.3:A 10 1777 (274) (118) 327
BP:145:2.0:1.9:20:.6:A 8 4080 . 630 271 751
BP:145:2.0:1.9:30:.3:A 12 . 2398 (370) (159) 441
BP:145:2.0:1.9:30:.6:4 12 5832 901 | 387 1073
8P;145:2.0:2.4:20:.3:A 10 1407 - (264) (116) 327
|BP:145:2.0:2.4:20:.6:4 8 3230 606 + 266 751
BP:145:2.0:2.4:30:,3:A | 10 ° 1898  (356) (157) 441
BP:145:2.0:2.4:30:.6:A 617 866 381 1073
BP:145:3.0:1.9:20:'3: 10 1759 (272) (117) 324
BP:145:3.0:1.9:20: .6: 8 4091 632 272 753
BP:145:3.0:1.9:30:.3:A 12 2417 (373) (161) 445
BP:145:3.0:1.9:30;;6:A,\“12 5831 300 387 1073
BP:145:3.0:2.4:20:.3:4 |10 1392 (261) (115) 324
BP:145:5:0:2.4:20: .6: A" 8\\33239 607 267 753°
BP:145:3.0:2.4:30:,3:A | 10 1914 (359) “(158) . 445
BP:145:3.0:2.4:30: .6:A | 12 4616 865 381 . 1073
BP:160:0.8:1.9:20:.3:a | 10 2435 (362} (153) 408
BP:160:0.8:1.9:20:.6:A .8 5794 862: 364 971
BP:160:0.8:1.9:30:.3:A 12 3235 481 (203) 542
’ BP:160:0.8:1.9:30:,6:A 12° 8077 1201 - - 507 1353
;BP:160:0.812.4:20:;33A; 10 1928 (349) (150)J' 408
BP:160:0.8:2.4:20:. B:AA 8 4587 829 358 971
BP:160:0.8:2;4:30 (3iA 12 2561 ' (463) (200)“ 542 -

¥ see Fzgure E. 1 for locatlon of m1n1mum span deflect10n

rat1o
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BB
B A<
BP:

;175:
:175:
: 175

:175:
:175:
2 175:
175
2 175:
:175:
+175:
175
1175
$175:
:175.;
2170
:170:

Minimum Span- Deflect1on Ratlos

175:
175:
175:

12 -

12
12
10
12
12
12

10

12
12 4
12

10
12
10

r 12

10

12,

12
12
10

12 -
10
-9

Iny n In In,
N Ainc Atot Acon
6394 1156 499 1353
2480  (369) (156) 416
5850 870 367 980
3368 501  (211) 564
8014 1192 503 1343
1963  (355) (153) 416
4631 837 361 980
2667 482  (208) 564
6344 1147 495 1343
2472  (368) (155) .414
5837 868. 366 978
3394 505 (213) 569
7994 1189 502 1339
1957 (354) (15938) 414
4621 . .835 360 - 978
2687 486  (210) 569
6328 1144 494 1339
3318  (476) (198) ' 511
8217 1179 430 1264
4987, 716 297 767
10935 1569 651 1682
2627 (459} (195) 511 |
6505 - 1136 482 1264 |*
3948 690 293 767 .
8657 1512 641 1682
3414 \'490 (203) 535
8187 /1175 488 1260
5102 732 304 785
10841 1556 646 1668 .
2703 (472) {(200) 525
6481 1132 480 '™ 1260
4039 708 299 785
8583 . 1499 / 636 1668
3443 494  (205) 530
8185 - 1175 488 1259
5120 735 305 788

10814 1552 644 1664

/2726 (476) - «(202) 530
6480 1132 480 1259
4053 . 708 300 788
8564, 1495 634 1664 | |

©2247 . (301)  (125) 323
5155 690 \286 741

cont inued

ratlo o

* see Flgure E 1 for locat1on of m1n1mum span deflect1on
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“Minimum Span-Deflection Ratios continued
______________________________ A= s e e e - e e L.
Slab Designation 4o0c. .In In In In

A Ainc Atot Acon
| DP:170:1.0:1.9:30: .34 12 2757 (369) (153) 397
DP:170:1. 0:1.9:30:.6:4 9 7425 Y¥g3 411 1068
~JDP: 170:1.0:2.4:20:.3:&* 10 1779 (290) (123) 323
DP:170:1.0:2.4:20:.6:4A 9 4081 666 282 741
DP:170:1.0:2.4:30:.3:A 12 2183 (356) (151) 397
DP:170:1.0:2.4:30:.6-4 9 5878 360 406 1068
DP:A70:1.5:1.9:20: .3:A 10 3053 (456) (191) 499
DP:170:1.5:1.9:20: .6:4A 3 6994 % 1044 437 1142
P:170:1.5:1.9:30:.3:4 3 3882 579 | 243 634
DP:170:1.5:1.9:30:.6:4 3 9923 1481 620 1621 .
DP:170:1:5:2.4:20:.3:A 10 2417 (438) (188) 499
DP:170:1.5:2.4:20:.6:A 3 5537 1004 430 1142
‘ $170:1.5:2.4:30: .3: A 3 3073 558 (239) - 634
2170:1.5:2.4:30:.6:A 3 7856 1425 610 1621
\170:1.5:4.8:20: .3:4 10 1170 (402) (194) 569
DP:%70:1.5:4.8:20:.6:4 |. 3 2467 847 408 1200
DP 170:1.5:4.8:30;.3:A 3 1477 507 245 718
P:170:1.5:4.8:30:.6:4 -3 3398 1167 563 1652
DP:170:2.0:1.9:20:.3:A 10 3057 494 (208 549
DP>170:2.0:1.9:20: .6:A 4 7251 1172 ‘495 1301
:170:2.0:tﬁ9:30:.3:A. -3 3746 605 256 672
DP:170:2.0:1.9:30:.6:4 4 10410 1682 710 1868
DP:170:2.0:2.4:20: .3:4 10 2420 (474) (205) 549
DP:170:2.0:2.4:20: .6:A 4 _° 5740 1124 486 1301
DP:170:2.0:2.4:30: .3:-A .3 2965 581 251 672 |~
DP:170:2.0:2.4:30: .6:A 4 . 8241 1614 -~ 698 18§§
DP:170:2.0:4.8:20:.3:2A 10 1288 (442) (213)
DP:170:2.0:4.8:20: .6:A 4 2769 851 458 1347
DP:170:2.0:4.8:30: .3:A 3 1568 538 260 762
DP:170:2.0:4.8:30:.6:A 4 - 3898 1338 ° 645 1835
DP:190:1.0:1.9:20:.3:4A 10.° 3107 (397) (161} 402
DP:190:1.0:1.9:20:.6:4A 9 7994 1021 415 1034
DP:190:1.0:1.9:30:.3:A [. 12 4019 - 513+ (208) 520
DP:180:1.0:1.9:30:.6:A | g 11098 . 1417 = 576 1435 -
DP:190:1.0:2.4:20:.3:A 10 2460 - (384) (159) 402
0P:190:1.0:2.4:20:.6:A g 6329 988 409 1034
DP:190:1;0;2.4;30:.3 A 12 - 3181 497 - (206) 520
DP:190:1.012.4:30:.6:4 9 8786 1372 ¢« 588 1435
DP:190:1.5:1;9:20:.3 A 10 4327 617. 253 636
DP:190:1.5:1.9:20:.6:4 | . 4 - 10746 1532 629  1578.
DP:190:1.5:1.9:30:.3:A | - 4 . 5548 781 325 . 815
DP:190:1.5:1.9:30:.6:4. | :4 14943 2131 . 874 2195 |~
DP:190:1,5:2.4:20:.3 A 10 3425_ . 595 249 636

* see F1gure E, 1 for locatlon of m1n1mum span deflect1on"
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Minimum Span-Def lection Ratios cont inued
Slab Designation toc. In - 1In " n In

¢ : A Ainc  Atot Acon
DP:190:1.5:2.4:20: 6-A 4 8507 1477 619 1578
DP:190:1.5:2.4:30:.3-A 4 4392 763 320 815
DP:190:1.5:2.4:30: .6:4 4 11830 2054 861 2195 &%
DP:120:1.5:4.8:20:.3:4 3 1594 528 249 697
DP:190:1.5:4.8:20-.6:4 10 3719 1233 581 1626
DP:190:1.5:4.8:30:.3:4 | 4 2062 /683 322  og%
DP:190:1.5:4.8:30: .64 4 5067 1679 791 2216
DP:190:2.0:1.9:20: .37 10 4362 674 279 704
DP:TQO:2.0:I.9:201v6:A 4 10954 1682 700 1768
DP:180:2.0:1.9:30:.3:A ° 4 5475 846 350 884
DP:190:2.0:1.9:301.6:A 4 15560 2404 994 2511
DP:190:2.0:2.4:20:.3:4 | 10 3453 a8 274 704
DP:190:2.0:2.4:20: .6:A 4 8672 1627 689 1768
DP:190:2.O:2.4:30:.3;AX 4 .4334 813 344 884
DP:190:2.0:2.4:30:.6:4 | 4 12318 550311 978 2511
DP:180:2.0:4.8:20:.3:A 10 1766 "~ 585 276 772
0P:190:2.0:4.8:20:.6:4 | - 4" 314%% 1374 647 1812
DP:190:2.0:4.8:30:.3:4 4 2173 720 339 950
DP:190:2.0:4.8;30:.6:A 4 5774. 1914 902 2525
DP:210:1.0:1.9:20:.3:4A 10 4338 531 {212) - 510
DP:210:1.0:1.9:20;.6%A(‘ 9 11513 1408 563 1352
DP:210:1.0:1.9:30:.3§@ 12 6274 '768 307 737
DP:210:1.0:129:30:.6:A;‘;¢9 15833 .. 1937 774 1860
DP:210:1.Q'2.4:20:.3:Af‘”10 3434 514  (208) 510
DP:210:1 :34:20f.5:A g 9114 1365 - 555 1352
DP:210:150:2.4:30:.3:4 | 12 4967 = 744 303 737
DP:210:170:2.4:30:.6-A 9 12534 - 1877 764 1860
DP:210:1.5:1.9:20:.3:4A 10 ° 5898 80 325 787
DP:210:1.5:1.9:20:.8:4 4 18337 209 ' 846 2046
DP:210:1.5:1.9:30:.3:A 4 8477 1159 467 1131
BP:210:1.5:1.9:30:.6:4A 4 21373 2921 1178 2852
OP:210:1.5:2.4:20:.3:4 10 4668 -~ 778. 321 787
DP:210:1.5:2.4:20:.6:4 -4 12142 - 2024 833 2046
DP:210:1.5:2.4:30:.3:A 4 6711 " 1119 461 1131
OP:210:1.5:2.4:30: .6:A 4 16920 2820 . 1161 2852
DP:210:1.5:4.8:20:.3:A 10 2275 729 - 337 903
D®:210:1.5:4,8:20" .6:4A 4 - 5284 1694 . 782 2099
DP:210:1.5:4.8:30::3:A | .4 -+ 3216 1031 476 1277,
DP:210:1.534.8¢30:.6:A- 4 7231 2318 . 1070 2872
DP:210:2:0:1.9:20:.3:A -0 61029 8393 363 884
DP:210:2.0:1.:9:20:.6:A ‘4 - 16023 2374 965 - 2349
DP:210:2.051;9;30:.3:Av 3 . 8780 1301 529 1287
DP:210:2.0:1,9:30:.6:A 4. 22379 ' .3316 = 1348 3981

 * see Figure E.1 for location of minimum span-deflection

ratio



I Minimum Span-Deflection Ratios cont inued .
Slab Designation Loc In In In In
A1 Ainc Atot Acon
DP:210:2.0:2.4:20:.3:4 10 4773 860 358 884
DP:210:2.0:2.4:20: A 12685 2286 950 2349
DP:210:2.0:2:4:30: ‘A 473 6951 "1253 521 1287
DP:210:2.0:2.4:30: .6:A 4 17717 3192 , 132 3281
DP:210:2.0:4.8:20- A 10 2431 780 360 966
DP:210:2.0:4.8:20: .64 q 5988 1820 - 886 2378
pP:210:2.0:4.8:30: A 3 3446 1105 - 510 1369
DP:210:2.0:4.8:30:.6:A 4 8275 2653 1225 3286
VP:170:.50:1.9:20 A |12 2799 (374) (155) 403
VP:170: .50:1.9:20 :A 10 7242 969 401 1042
VP:170:.50:1.9: A 12 3634 486 (201) 523
VP:170:.50:2.4:20 X 12 22716 (362) (153) 403
VP:170:.50:2.4:20 10 5733 936 ‘395 1042
VP:170:.5022.4:30

A

A

A 12+ 2877 (470) (198) 523
A 12 - 3531 (472) - (196) 508
A 10 9982 1335 553 1436
DA} 42 5654 756 313 813
A

A

A

A

VP:170:.75:2 122795 (456) (193) 508
VP:170:.75:2.4: 10 7903 1290 -~ 545 1436
2.4:30: 12 4476 731 309 813
1.9:20: 123880 - 496  (201) 502
1.9:20:.6:A | 10 10890 1391 565 1408
VP 190 50: 1 9:30:.3:A | 12 5944 759 ¥ 308  7s9
VP:190:.50:2.4:20:.3:4 | 12 3071  (479) (199) 502
VP:190:.50:2.4:20:.6:A | 10 8621 1346 557 1408,
VP:190:.50:2.4:30:.3:4 | 12 4706 _ 735 304 769
YP:190:.75:1.9:20:.3:A | 12 5455 37 ° 283 705 -
VP:190:.75:1.9:20: .64 / 10 14961 . 1911 776 1935
VP:190:.75:1.9:30:.3:A4 | 12 9368 1197 486 1211
YP:190:.75:2.4:20%.3:4 | 12 4318 _ 674 279 705
VP:190:.75:2.4:20:.6:A | 10 TW844 1849 766 1935
VP:180:.75:2.4:30:.3:A | 12 7416 1158 479 1211
VP:210:.59:1.9:20:.3:4A 12 5660 692 - 277 665
VP:210:.50:1.8:20:.6:A | 10 15617 1911 763 \ 1335,
YP:210:.50:1.8:30:.3:A | 12 ' 9403 1150 . 459 5
VP:210:.50:2.4:20:.3:A 12 4481 671 . 273 665
VP:210:.50:2.4:20:.6:A | 10 12364 1851 753 183
VP:210:.50:2.4:30:.3:A | 12 7444 1115  -454 110
VP:210:.75:1.9:20:.3:A | 12 8717 1066 426 1024
YP:210:.75:1.9:20::6:A | 10 20816 2547 ' 1017 2445
|VP:210:.75:1.9:30:.3:4 |/ 9 16231 1986 7931907
YP:210:.75:2.4:20:.3:A | 12 6901 1033 42 1024
.vVP:210 .75:2. 4:20:.6:A | 10 16480 2468 1004 2445

; x see Fxgure E. 1 for locatxon of m1n1mum span- deflect1on

ratlo
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Minimum Span-Deflection Ratios continued
Slab Designation Loc In In In In
A1 - Ainc Atot Xcon
VP:210:.75:2 4:30:.3:4 9 12849 1924 783 1807
FP:160:1.0:1.9:20:.3:8B 9 2044 (304) (125) 317
FP:160:1.0:1.9:20:.6:8B 1 4500 670 275 698
* (FPI160:1.001.9°30:.3:8 | 12 opde (394)  (161) 410
FP:160:1.0:1.9:30:.6:8 9 7097 1056 433 1100
FP:160:1.0:2.4:20:.3:8 ‘9 1618 (293) (123) 317
FP:160:1.0:2.4:20:.6:8 10 3563 644 270 698
FP:160:1.0:2.4:30:.3:8 12 2095 (379) (159) 410
FP:160:1.0:2.4:30:.6:8 9 5618 1016 426 1100
FP:160:1~5:1.9:20:.3:B 10 2941 4390 {203) +521
FP:160:1.5:1.9:20:.6:8B 4 7262 1209 502 1286
FP:160:1.5:2.4:20:.3:8 10 2328  (469) {200) 521
FP:160:1.5:2.4:20:.6:8 4 5749 1159 493 1286
FP:160:2.0:1.9:20:.3:8 | 10 3153 5563  (231) 595
FP:160:2.0:2.4:20:.3:8 10 2496 529 (227) 595
FP:175:1.0:1.9:20:.3:B 10 2860 (408) (166) 408
FP:175:1.021.9:20:.6:8B 7 6791 971 393 968
FP:175:1.0:1.9:30:.3:B 12 3851 550 (223) 549
FP:175:1.0:1.9:30:.6:8 9 9885 1413 572 1409
FP:175:1.0:2.4:20:.3:8 |10 2264 (394) (163) 408
FP:175:1.0:2.4:20:.6:8B 7 9376 . 936 387 968
FP:175:1.0:2.4:30:.3:8 12 3049 530 (220) 549
FP:175:1.0:2.4:30:.6:8B 9 7826 1362 564 1409 -
FP:175:1.5:1.9:20:.3:8 10 3932 629 258 641
FP:175:1.521.9:20:.6:8 g 103 1662 682 1692
FP:175:1.5:2.4:20:.3:8B 1 31?§_> 604 - 254 . 641
FP:175:1.5:2.4:20:.6:8B 4 8222 1595, 670 1692
FP:175:2.0:1.9:20:.3:8 [ 10 4310 727 300 748
FP:175:2.0:2.4:20.3:8B 10 3412 696 295 748
FP:195:1.0:1.9:20:.3:8B 10 4179 568 (227) 538
|FP:195:1.0:1.9:20:.6:8:| 9 10812°. 1469 587 1392
FP:195:1.0:1.9:30:.3:B 9 6186 ~°,:841 _ 336 - 797
FP:195:1.0:1.9:30:.6:8B 9 14608 - t985.. 793 - 1881
FP:195:1.0:2.4:20:.3:8B 10 3308 - 548 - (224) 538
FP:135:1.0:2.4?20:.6:B 9- 8559 1419 579 . 1392
FP:195:1.0:2.4:30:.3:8 | |9 4897 ~ 812 - 331 797
FP:195:1.0:2.4:30:.6:B | "9 11564 1917 782 1881 | -
FPT195:1.5:1.9:2O:.3:B 10 5976 911 368 879
{FP:195:1.5:1.9:20:.6:8B 4 15063 2295 - 928 2217
| FP:195:1.5:2.4:20:.3:8 10 4731 .876 362 879
FP:195:1.5:2.4:20:.6:8 4 11925 2207 813 2217
|FP+195:2.0:1.9:20:.3:8B 100 6260 1006 409 -~ 981 | .
FP:195:2.0;2.4:20:.3:8 | 10 4956 965 402 + 981 4

T ’ N T T - AR
% see Figure E.1 for location-of minimum span-deflection .
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Figure E.1 Location of- Minimum Span-Deflections
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Figures E.2-E.4 illugtrate the redistribution of the
moment due to cracking in the slab undér construction
loading. The loads move away from the interior supporé as
shown by the high negative moment in the elastic analysis,
Figure E.2, to both the interior and exterior midséans
(Figures E.3 and é.4); The redistribution is more pronounced
when the Effective Modulus oﬁ.Ruthre is .30/?2, Figure E.3,
than when .GOVYZ'is used. The m6ment fields shown in F%gures
E.3 and E.4 were found using the reduced stiffnessvof thes
slab due to cracking without any yielding of thé {einforcing
Steel. These moment fields are different than ﬂkaﬁ assﬁmed
by the Direct Design Method. But, no yielding of the

reinforcing steel occurs at service loads and Eherefore, it

~

can be concluded that for the slabs analysed that the momept .

field in the slab.at service loads is different than at
ultimate loads. .
It is'interesting to note that the slab around the — .

exterior column does not crack as much as the interioﬁ*ﬁ%ﬂ

2

column, shown in Figures E.5 and E.6, and the magnitude of

“the positive principal moments in the extior and interior

l | ‘ T | | . 1 :‘ Z
panels are almost equal. This;explains why in some cases”the
. . ‘ ; p _ _

minimum span-deflection ratio is located in the in®erior 3

panels.

e
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