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Dimensioning of a skew-supported slab
Geometry
gAY AN
| 10m |
| |
Legend
60 ° ) Free edge
z .
— Simple support
n
y
Material Properties
Concrete C30/37 f, =30 MPa; f,, =2.9MPa SIA 262
f, =20MPa; 1, =1.1MPa Tab.3
E,, =k.3/f,, ~33.6 GPa, k. =10,000 Tab. 8
3.1.2.33
Steel B500B f, =500MPa; f, =435MPa
E, =205 GPa
Tab. 5/9
3224
a) Choosing slab thickness
h, =0.45m £ L L=10m ok Tab. 7/10
22
Loads
. kN
Dead weight: Jox =g -y, =0.45m- 25— =11.25kPa
’ m
Non-structural dead weight: ~ g,, =3.0kPa
Live load: g, =15.0kPa
Ultimate limit state type 2 SIA 260:
0y =1.35-(9,, +9,,)+1.5-q, =41.7kPa = 42kPa
acting on the entire surface of the slab
b) Minimum reinforcement for bending and shear forces
- Minimum bending reinforcement:
The cracking moment needs to be carried by the reinforcement - avoid a brittle failure when reaching
1:ctd .
— _ 1 _ hSI
fctd = kt : fctk,0.95 kt = 14051 t= ? 2413
~3.51MPa oo 00 =137 Fon aaLd

3.1.2.25
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hy’ -
m, =5 P ¢ 19 5KNM
m Assumption:
mR ~ as,erf ! fsd I as,erf : fsd '0'8hSI 7= 0.8h5|
m 2
SNPIPRLL S—y JLLLL
' 0.8h,, - f, m
2
Choice: @14@200, a, =770
%) ) C,, =955mm
d =hy —Cron ~Dsinp —TL =376mm  (Assumption: g, =12mm)
x=—2Ts 197 mm, X-005<0.35
0.85-b- f d
m, =a,f, -(d _085 XJ _1231 MM o —1185 KN g
2 m m
- Minimum shear reinforcement
In slabs, a minimum shear reinforcement is not required by code (in contrast to beams). SIA26255.3.4
If no shear reinforcement is placed, at least half of the bending reinforcement required for the
maximum bending moment should be anchored at the supports.
SIA 262 5.5.3.4
If shear reinforcement is placed, its minimum content is the same as for beams.
p,, (SIA) is not advisable for new construction (robustness)
= Pymin = 0.2%, Choice: Stirrups 12, s, =s, =200mm, e.g. Aschwanden DURA-60L
2
by =2 _0.28% ok
4: (200 mm) Assumption
z-cotow b , kN z2=0.8hg
VRd,s:A%'fsd' ~—:pw-fsd-Z-COtOL-b :438_; =360 mm
s, S, m
Check of the concrete compression diagonal: o = 45°
Vege =0-2-K - f -sina-cosa K =055

= 198Ok—l\ll >> Vg s
m .

Ve = min(VRd s1Vra c) = 438k_|\.I
' ' m

c) Dimensioning with the strip method
- Load bearing behaviour of the skew supported slab

obtuse corners

- The skew supported slab carries the load
primarily in the direction of the shortest
span.

- In the obtuse corners large shear forces
occur




Advanced Structural Concrete

Exercise 4 Solution

Page
3/16

hs/lg/nr

- Alternative possibilities for the application of the strip method

Alternative A:
B 100 % X Advantage:
- Simple hand calculation
Disadvantage
- Load bearing behaviour in the obtuse
X corners insufficiently considered
|

Alternative B:

Advantage:

- Simple hand calculation
Disadvantage

- Similar to Alternative A

strong bands

Alternative C:

Advantage:
- Negative bending moments in the obtuse
corners considered
Disadvantage
- Too intricate for hand calculations

VY

A-A
7%7 strong band \_/3%7 AN

A
/_> L,=10m

Choice: Alternative B

(1-B)q

Bq

Free choice of b, =0.85m and p=0.9.
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- Section A-A
ﬂdq=(4-/ﬂ1.¢ = Y4721k _
L J. J.- = .l, l L“ =75m
- 0
din kN
7 M. Vi = 2 _185—

LS LA}'Z'::; 'lns
w e %
T
T A "'J,""pl
MNrha

T

2
_2pgkNM
m
b,? kNm
mn,Ad = (VAd _qd,n) ? = 527
kN

Voag = (Vag —0g.) Dy 212.2W

L kN
. — 189 -
2 qu m,

LZ
mx,B,max = qu ?X = 4725%

kN

Vs = Reg =189~

x,B,max

kN
}bs '(qu +Vag ) = 47.9?

Rea = 47.9-% = 239kN

q—-m.A
ERLERE
T
Vd)r’tnl’
- Section B-B
Gox = 0.%4q = 1.2 LPe
FRES SEERE N O
.];m 2. 1
i L,( = Ao —_"r
\/\/\” ’/
\ [ T
Ll LT VS
Vx ‘_—T‘V‘l
[ +
T Va0
- Section C-C
14)‘ l \L i 1, 1
Vid L 1 i I ]
TRL"‘ Rr_o( 1
- L= ~ 40 :
M.

2
Mx,C,max = 422% = 598 kNm
Vx,C,max = RCd = 239kN
V
VxC max — XM 281k—,\f

S
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- Check of the bending resistance
o Centre of the slab: (x=6.878m, y=3.25m)

kNm kNm
mX'BYmaX = 47257, n.max = 22 87
. mm?® I
Choice: 26 @150, a, =3540 x-direction
m
d,, =hy —Cppn —% =382mm
a,, - T,
=—> 0 —-9]mm— X _023<0.35 ok
0.85-b" f d,
mxu :asx.fsd.(dlzl_@j kNm—mmeax_472 5kN_m Ok
, g 2 m 1By
= Minimum reinforcement in m -direction:
m, =120 Ny =20gKNM g
m m’
. . . , kNm
»  Upper reinforcement: Minimum reinforcement | m',, =m’  =120——
m’
o Strong band:
M, c max = D98KNmM

Choice: 8226, A =4248mm°, d. =382mm

- AT p7mmos X 2034<0.35 ok
0.85-b, - T d

A f, -(dc _ 085« —508kNm ok

X,C,max

]:GOZkNmZ M

- Remark for the strip method with skewed strips
According to the bending structural capacity check, o, = f, in the compression zone. This results

in a principal compressive stress o, > f,, (compare the Mohr circles below), which is a violation of
the Coulomb failure criterion.

/% L4 L Ex +om “"L

/ﬂb{ p ARy x . - 7
"3014}‘ 7 g n ff Ty \
/ /e T 3 = T I ¥ I >
ST : 2\ /e a \7> v ;x‘r\ 4‘*‘&/?”" v
/ j i Y 9y S~ % E— 4
/ / Ny
M ” @ M, ® N s w

Therefore, the compressive strength f_, of the strips needs to be reduced as a function of the angle
a . The check, however, is accepted due to two reasons:
1. The bending resistance has reserves (80% in m -direction).
2. Experimental work shows that concrete under bi-axial loading has a higher strength than
under axial loading. Consequently, the check f (01) > o, should be performed.

Sial 1L
-0, ,__’ﬁrzj—f’i*‘ - J./
Coclocbides
_ I | Rkt
Experiments ¢
-

‘ s
AN L -*W.&

Reinf. Layers 1, 4
in direction x

b'=1000 "0
m

SIA 262 4.1.4.25

b, =850mm
SIA 262 4.1.4.2.5
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- Check of the shear capacity

Principle shear force with skewed strips:

AT
O 1 / ;

Oy

s S S N
&
¥

Decompositionof v, © v, =V, -cosa, V, =V, -sina
Superposition: Ve =V, +V, -COSaL, V=V, -Sina

2 2

Principal shear force: v, = Vi +V} 1ot

Vy ot
\'%

Principal direction: tan¢, =

X,tot

Shear resistance without shear reinforcement vy, , =k;1.,d, = 0.45-1.1MPa-380mm = 188k—N

f
With: k, = . L =0.45 g, =15=2L=0.0032,k, =1
1+g,dk, 1+0.0032-380-1 E
o Check section B-B close to the strong band:

—189k—N

S

meax

Ad :12.2k—,vnx :12.2-c0560°=6k—'\,|, v,, =12.2:sin 60":11k—’\,I
m " m " m

(189+6)” +122 195"—N > Vg o

In this section, shear relnforcement iS necessary.
(Strictly speaking, it would be admissible to carry out the check in a section d./2 away from
the support, but in case of doubt, it is always advisable to place shear reinforcement.)

438k_N >v, =105N
m’

Rd min

The minimum shear reinforcement is sufficient and will be placed up to 2 m away from
the support (in x-direction).

o Check section C-C:

kN

v = 281—

x,C,max

—122kN —122~cos60°:6kN =12.2-sin60° = 1lk—N

m’ TIX ' mr’ TIV
(281+6)" +11° = 287"—'\,I > Vg o

In this section, shear reinforcement is necessary.

_438k—N >v, = 287k—N

Rd min

The minimum shear relnforcement is sufficient and will be placed up to 2 m away from
the support (in x-direction).

SIA 262 (35)
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d) Dimensioning of the slab with CEDRUS-7

11:
h=045m

4

- 10.00
Figure 1: Geometry of the slab in CEDRUS-7

R1
a=10.0 m/s?

F1

p=-3.000 kN/m?2

Figure 2: Permanent loads
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/ H

p=-15.000 kN/m2

Figure 3:Live loads

Result combinations

Result combination ULS(d)

Id Load Factor Description
EG 1.350 Dead weight
AL 1.350 Non-structural dead weight
NL 1.500 Live load

Specification of the limit state: SLS(quasi-permanent)

Description
Standard-dimensioning situation: Serviceability quasi-permanent combination

Load combinations (quasi-permanent)

Load Load combination
Nr Name Fac 1
1 Dead weight 1 1
2 Non-structural d.w. 1 1
3 Live loads 1 0.6

Fac : all combination values are multiplied with this factor

Load combinations (frequent)

Load Load combination
Nr Name Fac 1

1 Dead weight 1 1

2 Non-structural d.w. 1 1

3 Live loads 1 0.7

Fac : all combination values are multiplied with this factor

Load superposition

Load additive exclusiv Load Factor
Dead weight permanent EG 1.000
Non-structural d.w. permanent AL 1.000
Live loads where decisive NL 1.000

(translated, not the original)

Komb.
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il
-1.00 // / ?
/S

/
// //

-0:50 / /' / 350" ;5007 4/
i N

Yy
SIS S

///-,2;0 '/ /// 80
// -;.(5/0/ / \\

/ // / i / '\
///// / 850, \
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296.9 218
7 a
2244 39.1
Vi V4
119.1 489
v/ V/4
729 56.9
/ V4
58.5 62.7
V4 V/4
58.2 66.4
Vi V4
62.1 67.9
V4 V4
65.8 67.1
7 V4
67.8 64.1
7 V4
67.4 60.0
Vi V4
64.8 57.4
/ V4
60.1 63.1
/ V/4
53.1 90.5
7 V4
442 162.4
Vi V4
40.0 42722
Y/ 4
Figure 6: Support forces for ULS(d) [KN]

\ 3821

35‘9.0
\
% /
o/
/- / / o 4 1353.1/
/ // 1500 Z/QO‘O 250.0 3/90.0 /;3';75
S/ /
S

/o // \.
\
[/ / \
/ / / / _ \

Figure 7: Internal force mx for ULS(d) [kNm/m]




Advanced Structural Concrete 11/16

; . pb, rev. hs
Exercise 4 Solution

-2.9
74

Figure 8: Internal force my for ULS(d) [kNm/m]

AT-140.0— - 15/,
-100.0" /
//

\ \
mxy for ULS(d) [kNm/m]

1C7 O

7L
Figure 9: Internal force
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\ 1) /
WY
1)) aa

200
Figure 12: Cross-sections for the upper reinforcement [cm?/m] in x-direction, contour lines at: 2 [cm%m], scale 1:100
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-0:68 NN
/AR ——ee”

L nnc

Figure 13: Cross-sections for the upper reinforcement [cm?/m] in n-dir

ection, contour lines at: 2 [cm?/m], scale 1:100
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Figure 14: Reinforcement layout for the FEM calculation
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) Upper limit value of the ultimate load
The mechanism in the figure below is chosen.

External work: W =g, -10m-7.5m-sin(60°)-'1- = _32 5m?’-q,,

Dissipation (internal) work:
Generally: dD=m, -&,-dt (while:n_1t)

Two ways to calculate the internal work are shown below:
Alternative 1:

Separating in x-n-direction:
dD=m,, -0 -dy+m  -o -d& (projected length of the yield line onto each axis)
Since the yield line is parallel to the n-direction: @, =0 and therefore:

7.5-c0s(30°)
) m, &, dy = 721"L 2 c0s(30°)-7.5m 1874 XN™
5m m

with m, =a, - f,|d- Bl 721kN—m, d=450-c,,, — T, -
2:b-f, m

5m , 5m

g =370 mm
2

7.5 m cos(30°)

y 5m
Alternative 2:
Considern=¢&: dD=m,, -&, -dn=p, -6, -dn

Transformation of the relnforcement in dlrectlons &
p, =m,, -cos®(-30°)+m,, -cos*(-90) = m,, -cos’(30°)

Rotation of the yield line: @, :#
5c0s(30°)
T T 2 kNm kNm
= -, dn= | m_ -cos?(30°)- ———d —721— cos(30°)- —-7.5m=1874——
_([HE. € n J. XU ( ) 5COS(30°) n ( ) 5m m

0
. 5m , 5m ,

[ I |

mm
a_ =5309——

s

(p.14)
g, =12mm
=26 mm

c_=55mm

nom
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g) Discussion

Dimensioning with strip method

If the slab is dimensioned using the simple strip method, which neglects the occurrence of twisting moments,
a lower limit value of the load results according to the static limit value theorem of the theory of plasticity.
With a simple manual calculation, for example, a FEM calculation can be checked for plausibility or a slab
can be dimensioned. The last point is valid under the condition that the detailing of reinforcement guarantees
a ductile behaviour of the slab.

The load transfer alternative selected in task c) does not sufficiently consider the real load-bearing behaviour
of the slab, especially in the obtuse corners. In order for the selected load transfer to occur, a relatively large
rearrangement of the internal forces and the associated crack formation are necessary. The serviceability of a
bridge can be impaired by such crack formation.

Dimensioning with FEM

The FEM calculation also results in a possible equilibrium state (lower limit value of the load), but at the same
time considers the compatibility in the homogeneous-elastic state. Due to crack formation in the serviceability
limit state as well as restraints, which practically cannot be calculated, the internal forces are redistributed.
The actual force flow thus also deviates from that of the calculation, but the load-bearing behaviour can be
approximated more accurately overall.

The consideration of twisting moments results in higher reinforcement ratios than with the strip method. The
required amount of reinforcement would be reduced if the bars were laid in the direction of the main moments.
However, this procedure is not appropriate for installation purposes.

Check with yield line method

The yield line method is an application of the kinematic method of the theory of plasticity and results in an
upper limit value for the ultimate load. It is therefore suitable for the inspection of existing slabs or the
plausibility check of a lower limit value. By varying the failure mechanisms, the calculated upper limit value
can be can be minimized. The mechanism considered in task f) is suitable for a manual calculation based on
its very simple geometry. In this case, it leads to the same load as in the strip method when the uniaxial load
transfer is selected. Thus, this represents the complete solution. As for the elastic internal forces, large plastic
deformations would be necessary to reach this failure state. Redistributions within the plate are necessary.
While this may still be possible for the bending moments (whereby the proof of the deformability is extremely
difficult since the system is statically indeterminate), it is to be expected that a brittle failure occurs beforehand,
in particular as a result of the shear force. Since larger cracks should also be avoided at the serviceability limit
state, it is recommended that the reinforcement is dimensioned following the elastic internal forces as much
as possible.




