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Task 2
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In Task 2, two-way slab supported on four sides will be designed.

Task 2 – Slab supported on four sides
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Comparison of Tasks 1 to 3

Beam (frame) –
Task 1

One-way slab –
Task 1

Two-way slab supported
on 4 sides – Task 2

Two-way flat slab
– Task 3
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Task 2 – Assignment
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Task 2 – Assignment

wall

beam

column

panel

Analyze one slab in 
your homework
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Our goal will be to:
1) Calculate bending moments:

▪ using calculation based on linear analysis,
▪ using precalculated tables based on the theory of plasticity.

2) Preliminarily check the slab depth*.
3) Calculate loading of a supporting element (beam or wall).

Task 2 – Assignment goals

* Note: Slab depth (thickness) is already assigned, we will only check it.
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Supports and static schemes
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Based on the real supports of the slab, we must identify support types:
• fixed support – for wall and inner beam,
• hinged (point) support – for outer beam.

Supports
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Based on the support types, we can determine static scheme in each 
direction:

 
For example:

Static schemes
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Loading of the slab
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Before any calculations, we must first calculate the total area load on the 
slab. The slab is loaded by:
• self-weight,
• other dead loads,
• live loads.

Do the calculation in a table!

Loading of the slab

* Note: Slab depth (thickness) is already assigned.
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Bending moments
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We will use two methods for the calculation of bending moments:
• Strip Method (based on elastic theory)

▪ assumes ideally linear behaviour of materials,
▪ always applicable,
▪ results usually not close to real behaviour of reinforced-concrete structures,
▪ always on the safe side.

• Yield Line Theory (based on plastic theory)
▪ assumes ideally plastic behaviour of materials,
▪ NOT always applicable (sufficient plastic hinge rotational capacity is necessary),
▪ results close to real behaviour of reinforced-concrete structures,
▪ NOT always on the safe side.

Bending moments
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Bending moments – Strip Method
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In this method, we assume that the slabs consists of two perpendicular
sets of strips, and we calculate the loading and moments in the two
directions individually.

Strip Method (elastic)
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First, we must calculate the value of load in each direction (𝑓𝑥 and 𝑓𝑦).

We calculate these values using the assumption that the deflection of the
slab in both directions must be the same

𝑤𝑥
𝑙𝑥

2
= 𝑤𝑦

𝑙𝑦

2
.

Loading in each direction
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Using the equation for deflection in the middle of a beam

𝑤 = 𝑘
𝑓𝑙4

𝐸𝐼
,

we can derive:

𝑤𝑥
𝑙𝑥

2
= 𝑤𝑦

𝑙𝑦

2

𝑘𝑥

𝑓𝑥𝑙𝑥
4

𝐸𝐼
= 𝑘𝑦

𝑓𝑦𝑙𝑦
4

𝐸𝐼
,

𝑓𝑦 = 𝑓𝑥

𝑘𝑥𝑙𝑥
4

𝑘𝑦𝑙𝑦
4 .

Loading in each direction

𝑘 =
1

384

𝑘 =
2

384

𝑘 =
5

384
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As the sum of the loads in both directions must be equal to total area 
load

𝑓 = 𝑓𝑥 + 𝑓𝑦 .

we can derive

𝑓 = 𝑓𝑥 + 𝑓𝑥

𝑘𝑥𝑙𝑥
4

𝑘𝑦𝑙𝑦
4 ,

𝑓𝑥 =
𝑓

1 +
𝑘𝑥𝑙𝑥

4

𝑘𝑦𝑙𝑦
4

.

Loading in each direction
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The final equations for loads in each direction are:

𝑓𝑥 =
𝑓

1 +
𝑘𝑥𝑙𝑥

4

𝑘𝑦𝑙𝑦
4

𝑓𝑦 = 𝑓 − 𝑓𝑥

Loading in each direction
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Using the loads in individual directions (𝑓𝑥 and 𝑓𝑦), we can calculate 

bending moments in each direction using these values for given static 
scheme.

We calculate the moments on strips of 1 m width. The load is therefore:
𝑓𝑙𝑖𝑛 [𝑘𝑁/𝑚] = 𝑓𝑎𝑟𝑒𝑎 ⋅ 1 m

Bending moments
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Bending moments – Yield Line Theory
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Yield Line Theory considers: cracks in the structure ⟶ changes in 
bending stiffness ⟶ redistribution of internal forces ⟶ real behaviour.

Yield Line Theory



beton4life 25

In order to use Yield Line Theory, multiple conditions must be satisfied:

• slab must have constant depth,

• supports must be rigid,

• corners must be prevented from lifting,

• adjacent panels must have same loads,

• adjacent panels must have same spans,

• reinforcement must have sufficient ductility (steel class B, C),

• rotational capacity must be sufficient (x/d ≤ 0.25).

Yield Line Theory (plastic)
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The Yield Line Theory is based on the assumption that local parts are 
ideally plastic (like hinges) and the rest of the slab is ideally rigid.

 

Yield Line Theory (plastic)
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The theory is very complicated, and thus, we use tables generated using 
this theory.

Yield Line Theory (plastic)
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When using the tables, we first select the type of the panel based on the
assigned panel.

Yield Line Theory (plastic)

Fixed end

Pinned end

Fixed endPinned end

OR

for b > a

for a < b
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When using the tables, we first select the type of the panel based on the
assigned panel.

Be careful when selecting the type of the panel!

Yield Line Theory (plastic)

≠
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Then we calculate ratio of spans (𝑙𝑦/𝑙𝑥).

Be careful assigning 𝑎 and 𝑏 to 𝑙𝑥 and 𝑙𝑦! For all panel types, 𝑙𝑥 is the

shorter span.

Yield Line Theory (plastic)

If b > a:
𝑙𝑦 = 𝑏

𝑙𝑥 = 𝑎

If b < a:
𝑙𝑦 = 𝑎

𝑙𝑥 = 𝑏

For assignment B:
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Using the selected type of panel and calculated ratio of spans, we lookup
𝛽𝑖𝑖 coefficients in the table. (Use linear interpolation to calculate 𝛽𝑥𝑖

coefficients.)

Yield Line Theory (plastic)
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Calculate the bending moments using the following equations.

Yield Line Theory (plastic)

xe xe 0

xm xm 0

ye ye 0

ym ym 0

2

0 d x

m m

m m

m m

m m

m f l









=

=

=

=

=  Basic value of bending moment.

Indices:
• x, y – directions of a moments (mx is

the moment in the direction of lx)
• m – midspan moment
• e – support (edge) moment



beton4life

Bending moments – schemes
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Compare elastic (Strip Method) and plastic (Yield Line Theory) moments
in one scheme.

Bending moments – schemes
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Design of reinforcement
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In the homework, you DO NOT HAVE TO design the reinforcement.

Just remember, that the procedure of design of bending reinforcement
for two-way slabs is almost identical to beams (see HW3).

The only difference is that you design the reinforcement in 2 directions
and that the width of the cross-section is taken as b = 1 m.

Design of reinforcement
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Preliminarily check of the slab depth
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Check the given value of ℎ𝑠 for the biggest moment from plastic analysis
(which we will denote as 𝑚𝐸𝑑,𝑚𝑎𝑥).

We will check the slab from the point of view of:

• estimated area of reinforcement (can the slab be reinforced?),

• estimated compressed zone (is the rotational capacity sufficient?),

• span / depth ratio (will deflections be ok?).

Preliminarily check of the slab depth
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First, calculate the required cross-sectional area of reinforcement:

Then, calculate the minimal and maximal area of reinforcement (𝑎𝑠,𝑚𝑖𝑛

and 𝑎𝑠,𝑚𝑎𝑥) – see HW3.

Finally, check the condition for the area of reinforcement:

𝑎𝑠,𝑚𝑎𝑥≥ 𝑎𝑠,𝑟𝑒𝑞 ≥ 𝑎𝑠,𝑚𝑖𝑛

Check of the slab depth – area of reinforcement

,max

,
0.9

Ed

s rqd

yd

m
a

df
= Calculation of effective depth – see HW3. (Estimate 10 mm rebars and take

cover depth from the frame structure.)
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First, estimate the depth of the compressed zone:

Then, check the condition for the relative depth of the compressed zone:

𝑥

𝑑
≤ 0.45.

Check of the slab depth – compressed zone

s,rqd yd

cd

1.2

0.8

a f
x

bf
=

Estimation of 
as,prov The bending moment 𝑚𝐸𝑑,𝑚𝑎𝑥 and area 𝑎𝑠,𝑟𝑒𝑞 were calculated for a 

strip of 1 m width. Therefore, we must assume b = 1 m here.
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Check the span/depth ratio (deflection control) – see HW1.

𝜆 ≤ 𝜆𝑑

𝑙

𝑑
≤ 𝜅𝑐1𝜅𝑐2𝜅𝑐3𝜆𝑑,𝑡𝑎𝑏

Check of the slab depth – span/depth
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If all of the conditions are satisfied, the assigned slab depth is suitable.

If some of the conditions are not checked, propose a solution (just
describe it, don’t calculate anything).

Check of the slab depth
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Load of beam/wall
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Draw tributary areas of all the supporting elements.

The angle between identical supports (fixed/fixed, pinned/pinned) is 45°.

The angle between fixed and pinned support is 60°.

Load of beam/wall
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For your given supporting element (wall or beam), draw load diagram
and calculate the load.

The load in each point is:

total load of the slab (𝑓𝑑) × width of the tributary area

Load of beam/wall
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Be aware that inner walls and beams are loaded by 2 adjacent panels!

Load of beam/wall
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thank you for your attention
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I thank Assoc. Prof. Petr Bílý for his original seminar presentation and other supporting
materials from which this presentation was created.
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Recognitions

Recognitions
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