Volume B

4.5 One-way slabs
One-way slabs are those supported on two opposite edges, such as slab sl in figure of §4.1.

If a one-way slab is supported on more than two edges and its aspect ratio, i.e. the ratio of the
larger to the smaller theoretical span, is greater than 2.0 (such as slab s3 in the same figure), it
is considered as one-way slab in the principal direction while taking into account the secondary
stresses in rest edges.

45.1 Static analysis

Continuous one-way slabs are analysed considering a frame of continuous member s of rectan-
gular shape cross-section, having width equal to 1.00 m and height equal to the thickness of the
slab. The strip loads comprise self-weight, dead and live loads.

Analysis is performed:
a) approximately, by applying all design loads p=1.35g+1.50q (when live load is relatively small)

B) accurately, by taking into account unfavourable loadings.
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Figure 4.5.1-1: Three-span continuous slab
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Static and Dynamic Analysis

Example:

The three slabs (previous figure) haue4.50 m, h=180 mm, g=10.0 kN/r, ¢,=2.0 kN/nf, L,=4.00 m,
h,=140 mm, g=5.0 kN/nf, 0,=2.0 kN/nf, Ls;=4.00 m, h=140 mm, g=5.0 kN/nf, qz=2.0 kN/nf, where
loads g include self-weight. Perform static anaysinsidering global loading in ultimate limit stat

Design load in each slab is equal te -9+ y4-G=1.35-gi+1.50-g;, thus on 1.00 m wide strip, it is:
p:=1.35x10.0+1.50%2.0=16.5 kN/m
p2=ps=1.35%5.0+1.50%2.0=9.75 KN/m

The three-span continuous slab will be solved thhoGross method.
Fundamental design span moments (table b3)
M;o=-p1-L,7/8=-16.5x4.53/8=-41.8 KNm

M1o=M ,=-p,1,%/12=-9.75x4.06/12=-13.0 kNm
Mys=-p3-L57/8=-9.75x4.00/8=-19.5 kNm

Moments of inertia |

lor=1=1.0x0.18%/12=4.86x10" ni'

l17=1,3=1.0x0.147/12=2.29x10" n'=0.47I,

Stiffness factors k, distribution indices
3l _ 3 _0.167

_ Al _ 4x0.47 _ _0.118
12— 4|C'L12_ _4|Cx4.0 - 0.118 V12— FSS 0.414
0.285 1.000
k21=k12: 0.118 V1= %g;i 0.573
_ 3lpz _ 3x0.47| _ _ 0.088
237 Alglys 4lx4.0 0.088 Y01~ 5206 ﬂ
0.206 1.000
1 2
0.586| 0.414 0.573| 0.427
+41.8 | -13.0 +13.0 | -19.5

[+41.8-13.0]x0.586— - 16.9 | -11.9  —0.50 - 6.0
+36  050— +7.2 | +53« 0.427x[-(+13.0-19.5-6.0)]

[+3.6]x0.586—> - 21 | - 15  —050 - 0.8
+03 050~ +05 | +0.3 <« 0.427x[-(-0.8)]
[+0.3]x0.586—> - 0.2 - 0.1
+22.6 22,6 +13.9 | -13.9
M;=-22.6 kNm M=-13.9 kNm
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Volume B

Vo1=16.5%4.50/2-22.6/4.50=32.1 kN
Vi0=-16.5x4.50/2-22.6/4.50=-42.1 kN
V1=9.75%4.00/2+(-13.9+22.6)/4.00=21.7 kN
V,1=-9.75x4.00/2+(-13.9+22.6)/4.00=-17.3 kN
V,5=9.75x4.00/2+13.9/4.00=23.0 kN
V3,=-9.75x4.00/2+13.9/4.00=-16.0 kN
maxVh;=32.1%(2x16.5)=31.2 kNm
maxM,=21.7%/(2x9.75)-22.6=1.5 kNm
maxMs=16.07/(2x9.75)=13.1 kNm

-42.1
-17.3 -16.0
[V (kN)]
217 23.0
32.1
Figure 4.5.1-2: Shear force diagram
-22.6

-13.9

>
2
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P95
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Bl 195

[M (kNm)]

Figure 4.5.1-3: Bending moment diagram
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Volume B

45.2 Deflection

Slab member AB of length L, moment of inertia |, elasticity modulus E, is subjected to uniform
load p. Given shear force Var (at left support) and bending moment M,, calculate equation of
elastic line due to bending and maximum deflection.

z=() z=max z=L
> —»‘ >
| |
| |
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M i / |
AN =
|

<

Figure 4.5.2-1: General case of bending of member (slab or beam)

Considering coordinate z origin at the left end:
V(z)=V,zg—p-2

2

M(z)=M,+V,r-Z- p;

2
The basic equation of elastic line E- | - d dy(z) =—-M(z) is solved in two steps:

Z2
Step 1
dy(z) 1 1 p-z°
zZ)= =——- |- M(zHdz=—-|(-M, -V, r-Z+ z
0(2) === == M(@Xz=— (M =V 24 = piz
1 Vg 22 p-2°
=~ (=M, .z--2R C
9(2) = ( A2 2 + 6 +C,)

Hence, the equation of the elastic line tangents is:

1 P s Var _o
= (BB _TAR 2 M .z4+C 1
p(2)= (R Tam g,z ()
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Static and Dynamic Analysis

Step 2

y(z):_[(p(z):iz:E—ll-J‘(Ep-f’—v%-zZ—MA-ZJrCl Xz —

1 P 4 Var 3 M,y 5
2)=—(—~2-——"720-——.27+C,-2+C
W2)=2" (5, : o4 74,24 Cy)
y(0)=0 = C,=0
Hence, the equation of the elastic line is:
1 P s Var s M,
- (. .73 . C. . 2
W2)= (o 2 == p8 2 =8 284 € 7) (2)
y(L)=0 >
NEERYARN .12 NERRVARN K .
0=_1 _(pL_ an s M, I'+C1-L)—>Cl=—p|'+ AR +MAL(3)
E-I 24 6 2 24 6 2

Thus, the equations of the elastic line tangents (1) and deflections (2) are determined.

The maximum deflection is at the location where the first derivative of the elastic line equation is
zero, i.e. at the point z where ¢(z) =0.
ZZ

3
. V...
1 - p6z - ARz ~M,-z+C, =0 (4)

The real positive root of the cubic equation (3) gives the desired point z,., which replaced in
equation (2) yields the maximum deflection Ymax

Example:Deflection of first slab (example of §4.3.1):

For L=4.5 m, p=16.5 kN/m, Mk=32.1 kN and M=0.0, expression (3) yields:
16.5x4.5 32.1x4.%
Clz- +
24 6
(4) = (16.5/6)7*-(32.1/2)7-0+45.7=0 = 2.757-16.052+45.7=0 = 7,2,=2.112 m

KN-M2=45.7 kN-mf

(2) 2 y(2)=5-(0.68757-5.357+45.77) (1.2)

1 59.8
Y(2.112)=—-(0. 6875%2.112-5.35x2.113+45.7%2.112)-10°N-n= w7 10N

For slab thickness h=180 mm and modulus of elagtfor concrete E=32.80 GPa:
I=(b-h?)/12=(1.0x0.18)/12=486x10° n*
E-1=32.8x10°N/nfx486x10°m'=15.9408x16 N-n¥, therefore,

=y(2.112)= 59 810°N =0.00375 m=3.75 mm
Vima e o e g os PN o
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Static and Dynamic Analysis

The elastic line of the continuous slab given by expressions (1.2), (2.2), (3.2) is illustrated in the
following figure:

z=2.112m z=0.933 m z=2.181' m
y=2.52 mm

y=3.75 .mm

Figure 4.5.2-2: The elastic line of the three slabs (from the equations)

Project <B_451> (pi-FES) produces identical deflections:
0.70

\J/ 2.52

-3.76

Figure 4.5.2-3: Front view of the elastic line (from pi-FES with active module\SLABS)

EARTHQUAKE RESISTANT BUILDINGS 153



Static and Dynamic Analysis

Maximum support moments (void loading on adjacent spans and alternating with the rest)

qas
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A A A
0 1 2 3 4
maxM,
9as
‘/_qz/,l [
y V. Y y VN 4
0 1 2 3 4
maxM,
[qu,J
A A A
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maxM,
Figure 4.5.3.1-4

q
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Figure 4.5.3.1-5

The continuous slab shown in the figure, of spagtle L=5. 00 m and of thickness h=160 mm, is sub-
jected to covering loadsg1.0 kN/nf and live load q=5.0 kN/fn Concrete class C50/60. Calculate the
shear forces and bending moments envelopes fahtée slabs, in ultimate limit state.

Solution:
Self-weight: g = 0.16m25.0kN/m= 4.00 kN/m
Coveringload: g = 1.00 kN/mh

Total dead loads: g = 5.00 kN7m
Total live loads: g = 5.00 kN/m

The design dead load for each slab ig=1g00x5.0=5.0 kN/m and the total design load is
Pe=Yg0+740=1.35%5.0+1.50x5.0=14.25 kKN/m.

Manual calculations:  1=(kh%)/12=(1.0x0.16)/12=341x10° m
Modulus of elasticity for concrete C50/60 is equaE=37.3 GPa.
E-1=37.3x10°N/ntx341x10°m'=12.719x106 N-n?

For I,=I 1=l 2=, stiffness factors k distribution indicesre:

koo 3o _ 3 _ 0150 . _0150_ 0429
41 -1, 4x50 ' ® 0350 '
4l 4 0200
T = = __0200_ V== 0571
41,-L,, 4x50 0350
0350 1000

Due to the symmetry of the structure,; = 0571 ko v,, = 0429
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Volume B

Loading 1: w=w3=p=14.25 KN/m, w=g¢=5.0 KN/m (M1,max Mo1,max Mi2,min |Vz2,mal, M23 ma)
Principal support moments from table b3
M= Mog=-W;-L%8=-14.25%5.0/8=-44.5 KNM M= Mr1=-W,L%/12=-5.0x5.0/12=-10.4 kNm

0.429| 0.571 0.571 | 0.429
+44.5 | -10.4 +10.4 | -44.5
-[+44.5-10.4]x0.429— -14.6| -19.5 | -0.50 |- 9.8
+125 | 0.50— |+25.1 | +18.8— 0.429x[-(+10.4-44.5-9.8)]
[+12.5%0.429}> -5.3|-7.2 | —0.50 |-3.6
+11 | 050~ [+21 |+15 <« 0.429x[-(-3.6)]
-[+1.1x0.586}> -0.6| -0.5 | —»0.50 |-0.3
+0.2 | +0.1 <« 0.429x[-(-0.3)]
+24.1 | -24.1 +24.1 | -24.1
M;=-24.1 kNm M=-24.1 KNm
w,=14.25 w,=14.25

A A
0 1 2 3
e 5.00 m— 5.00 m——| 5.00 m——|
-40.5
-30.8
125 ‘
|
|
123 [V (kN)]
0.8 40.5
4.1

N\ M (Nm)]

\
W
4

-2.72

AT T TT—

JAY)

2.35
2.
NG
6.18

6.18

Figure 4.5.3.1-6

Vo1=14.25x5.0/2-24.1/5.0=35.63-4.82=30.8 kN
V;=-35.63-4.82=-40.5 kN

V1,=5.0%5.0/2=12.5 kN

Moz maz=Vor/(2W1)=30.87(2x14.25)=33.3 kNm
w; L%8=14.25x5.3/8=44.5 kNm

Mg mimV122/(2Wa)+M1=12.5%/(2%5.0)-24.1=15.6-24.1=
=-8.5 kN 2

W,-L%8=5.0x5.0//8=15.6 kNm

01:(3) >
C1=(-14.25x5.04/24+30.8x5.3/6)=54.1 kNn?
(4)>(14.25/6)3-(30.8/2)2-0+54.1=0 >
2.3757-15.47+54.1=0 gives z.=2.347 m

(2)=2Y(2)=1/12.719x[(14.25/24)x2.347
(30.8/6)%2.347+0x2.347°+54.1x2.347)] >
y(2.335)=6.18 mm

12: Due to symmetry of both structure and loading
Zma=2.5 0m

C,=(-5.00x5.0%/24+12.5%5.(/6-24.1x5.0/2)kNrP=
=-34.2 kNn?

2) > y(2)=1/12.719x[(5.00/24)x2.50(12.5/6)
x2.50°+24.1x2.5(/2-34.2x2.50) > y(2.50)=-2.72 mm

12 The alternative calculation is: M12=w1-L%/8+M=5.0-5.02/8-24.1=15.6-24.1=-8.5 kNm
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Static and Dynamic Analysis

Loading 2: w=w3=g4=5.0 KN/m, w=p4=14.25 KN/m (¥1.min Mo1min M23max |Va2,mids M23.min)

Principal support moments from table bS8

My=Moz=-W;-L%/8=-5x5.0°/8=-15.6 KNM M= M>=-W,1%12=-14.25%5.3/12=-29.7 kNm

0.429| 0.571 0.571 0.429
+15.6 | -29.7 +29.7 | -15.6
-[+15.6-29.7]x0.429—~ +6.1 | + 8.0 —0.50 | +4.0
- 5.2 0.50— | -10.3 | -7.8—0.429x%[-(+29.7-15.6+4.0)]
-[-5.2]x0.429- +2.2 | + 3.0 —0.50 |+1.5
- 05 0.50— |-0.9 -0.6 <« 0.429%[-(+1.5)]
-[+0.5]x0.586— + 0.2 | + 0.3 —0.50 | +0.2
0.1 |-01 « 0.429%[-(+0.2)]
+24.1| -24.1 +24.1 | -24.1
M;=-24.1 kNm M=-24.1 KNm
w,=14.25
w,=5.00 w;=5.00 V1=5.0%5.0/2-24.1/5.0=12.5-4.8=7.7 kN
A A A A V,=-12.5-4.8=-17.3 kN
0 ! 2 8 V,,=14.25x5.0/2=35.6 kN
[ S.00m e 500 m e 5.00m Moz maiVor/(2Wy)=7.72/(2x5.0)=5.9 kNm
173 ‘—35‘6 s w, L %/8=5x5.0%8=15.6 kNm
| 5 M1z ma=V 122/ (2 Wo)+M1=35.6%/(2x14.25)-24.1=44.5-
If | 24.1=20.4 kNm
' oy 17.3 [V (kN)]  \w,1%8=14.25x5.3/8=44.5 KNm
01: (3) >
AL 3 C1=(-5.00x5.0%/24+7.7x5.G/6)kNnP=6.0 kNP
AN [M (kNM)T 43 > (5.0006)3-(7.712)2-0+6.0=0 >
NN 0.8332-3.857+6.0=0 QiVeS Zax=1.53 Mkat Znay =4.21
m

597 |

4.21
347,
1.53 2.50 .

Figure 4.5.3.1-7

() 2 y(z1)=1/12.719x [(5.00/24) x1.5%(7.7/6)
x1.53%+0x1.53%+6.0x1.53) = y(1.53)=0.45 mm

() 2 y(z2)=1/12.719x [(5.00/24) x4.24(7.7/6)
x4.213+0%4.21%+6.0%4.21) = y(4.21)=-0.39 mm

12: Due to symmetry of both structure and loading
Znma=2.50 m

C;=(-14.25x5.07/24+35.6x5.(/6-24.1x5.0/2)kNri=
=13.9 kNn?

2) > y(2)=1/12.719x[(14.25/24)x2.50(35.6/6)
x2.50°%+24.1x2.5F/2+13.9x2.50) 2 y(2.50)=3.18 mm
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Static and Dynamic Analysis

Loading 4: w=g4=5.0 kN/m w=w;=ps=14.25 KN/m
This loading is an antisymmetric case of loadingi® respect to the middle.

Envelopes of the results of all loadings:

j <145 -39.4 i
, -30.8,

[V k)]

30.8

i i
i
I
1 i
AN i
[N L
RN
EHEN m
AR i
Ny i
IEREN i
TRMAN i
i T~

33.3 33.3

-2.72

038 ;[y]

6.18 | | 6.18

Figure 4.5.3.1-9: Envelopes of shear forces — bending moments - deflections

Analysis using table b4

04/Pe=5.0/14.25=0.35

m;=10.695, m=-9.025, m=17.425, pa=2.315, ps=-1.635, pg=1.805
Vor.marPa-L/p1a=14.25%5.0/2.315=30.8 kN
Viomi=Pa-L/p1s=-14.25x5.0/1.635=-43.6 kN
Vi2macPa-L/p2s=14.25%5.0/1.805=39.5 kN

Moz maePa-Lmy=14.25x5.(/10.695=33.3 kNm

M1 mim=Pa-L?/me=-14.25x5.0/9.025=-39.5 KNm

M1z ma=Pa-Lmy=14.25x5.G/17.425=20.4 kNm

Analysis using the table is easy, however it failprovide the negative value of bending momentiet
dle span.
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