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1. Assignment

The goal of this commented example is to make the students of Faculty of Civil Engineering,
CTU in Prague familiar with the design procedure of combined precast and in-situ slabs.
Design of load-bearing members is shown also with respect to assembling stages of particular
precast elements of the slab. The aim of the commented example is to show the complexity of
structural design.
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Fig. 1 Scheme of the structure

2. Design of the structure for service life

At the first step, the structure will be design for the loads that affect it during its service life,
because these loads are the dominant ones.

2.1. Loading of the slab

. Bulk Char. . Design
Permanent Thifrm(]ess density load I?;Cr:(l)a:I load
[kg/m®] | [KN/m?] [kN/m?]
Ceramic tiles 8 2000 0,16 1,35 0,22
Flexible cement 2 2100 0,04 1,35 0,06
Concrete 100 2500 2,50 1,35 3,38
Self-weight 150 2500 3,75 1,35 5,06
Plaster 15 1800 0,27 1,35 0,36
Total of permanent load ¥ 6,72 )3 9,07
Variable
Category C4: Areas for physical activities 5,00 1,5 7,5
Removable partitions, weight < 3,0 KN/m 1,20 15 1,8
Total of variable 2| 6,20 > 9,3
TOTAL 12,92 18,4




2.2. Calculation of cover depth

Description of the structure

- The structure is inside the building, with low-humidity operations => XC1
- The surface is not exposed to corrosion caused by chlorides

- The surface is not in contact with sea water

- The structure is protected, therefore is not exposed to freeze-thaw cycles

- There is no risk of chemical attack of the structure

- Slab-like structure

Requirements: XC1 .... C 30/37; w/c < 0,6, ¢ > 260 kg/m®
Serviceability life 50 years => structural class S4

Chom = Cmin + DCqev

Cmin = MaX {Cmin,b; Cmin,dur ACdur,y — ACqur st — ACdur add; 10 mm}
Cminhp = 10 mm (estimated diameter of rebars)

Cmindur = 10 mm

Values of Cmin gur [MM]
Structural Exposure class related to environmental conditions
class X0 | XC1| XC2/XC3 | XC4 | XD1/XS1 | XD2/XS2 | XD3/XS3
S1 10| 10 10 15 20 25 30
S2 10 | 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 | 15 25 30 35 40 45
S5 15| 20 30 35 40 45 50
S6 20 | 25 35 40 45 50 55

ACqur,y ; DCaurst ; ACqur,agd CONSidered equal to O
Cminst = Max{10; 100+ 0-0-0; 10} =10 mm
DCgev = 10 mm (precast structure)

Chom,st = Cminst+ DCdev =10 + 10 =20 mm

2.3. Material characteristics

CONCRETE C 30/37 => STEEL B500B =>
f, =30 MPa f, =500 MPa
30 500
f, =— =20,0 MPa _ 500 _
T flo =115 = 434 MPa
f.n =29 MPa E, = 200000MPa
foyo0s = 2.0 MPa f
10,05 e, = L 434 =2174%o0
€5 = 3,5%o0 E. 200000
Xpy =—ws = 3% _gg1g
€us+€, 35+2174



Moment curve

18,4 kN/m”

TR ERENEEEE TR EEE! \ In final stage, filigree panels act as
7 25, A i continuous beam. Therefore i tis
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52 9,2 structure.

2.4. ULS design of reinforcement - final design load

e Design of midspan reinforcement (positive moment)
Estimated diameter of rebars & 8
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Flg. 2 Distribution of internal forces in slab (positive moment)

d=h-c-@/2=150-20-8/2=126 mm
oomg 9,2
b.d h.f, 10.0126%10.20,0.10°

=0,0289= z=0,980
&=0,038

X =0,038<045=x;, = s =",

Mgy 9,2-10°

A g = = _ =171,4 mm’
a de ~ 434,7.10°.0,98.0,126

Design: @8 per 150 mm (A prov = 335 mm>)
Check of spacing (using detailing rules)

][5 ;8 SlL S IL S][ R S|L S IL S][ s I S |
Fig. 3 Example of arrangement of lower reinforcement
Sproy =190 mm
=2.h=2.150=300 mm

=300 mm

max 1

300 mm

maxl’ maxz)

Sax = min(s

max 2

Smin = Max (L,2f ; d, +5; 20mm) = max (1,2.8; 22 +5; 20) = s, = 27mm
(dy maximum diameter of aggregate grains)



Smin < Sprov < Smax
27 mm <150 mm < 300mm CHECKED

Check of minimum cross-sectional area of reinforcement
2
A prov =335 MM

A ax = 0,04.A, =0,04.150.1000 = 6 000 mm?

A~ 0,26 fo,b.d _ 02629.1000126 o o
| o 500

A, i >0,00130,.d = 0,0013.1000.126 = 163,8 mm*

As,min < As,prov < As,max

190,0 <335<6 000 CHECKED

Check of reinforcement for ultimate limit state (ULS)
‘o Aoo-fya 3354347
| bh.f, 0,8.1000.1,0.20,0
x=2X=21_0072<045=x,,
d 126
z=d-0,5Ax=0,126-0,5.0,8.0,091 = 0,121 m
Meg =85 proy-Fya -2 = 335.434,7.107°0,121=17,69 kNm
Mgy =17,69 KNm > 9,2 kNm = m, CHECKED

reserve 92%

91 mm

e Reinforcement in support (negative moment)
We choose @ 10 diameter of upper reinforcement is usually one or two levels higher than for lower
reinforcement
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Fig. 4 Distribution of internal forces in slab (negative moment)

d=h-c-@/2=150-20-10/2 =125 mm

us 11,48

m= = =0,037 = =
bdS’h.f, 10.0,125210.20,0.10° 2=0,982
£=0,045

X =0,045<045=x%;, = s =",
A= M _ 11,48-10°

e fyd.\/.d 434,7.10°.0,982.0,125
Design: @10 per 300 mm (A prov = 262 mm?)

=215,2 mm?

~ 5~



Fig. 5 Example of arrangement of upper reinforcement

Check of spacing

Sprov =300 mm
Smax1 = 2.n=2.150 = 300 mm _

| Smax = mln(smaxl;smax2)=3oo mm
S =300 mm , :

max,2

Smin = Max (1,2f ;d, +5; 20mm) = max (1,2.10; 22 + 5; 20) = s;, = 27mm

(dy maximum diameter of aggregate grains)
<g <5

Smin — Yprov — “max

27 mm <300 mm<300mm CHECKED

Check of minimum cross-sectional area of reinforcement
2
Ag’pmv =262 mm

A e =0,04.A, =0,04.150.1000 = 6 000 mm’

A - 0,26.f,,b.d _0,26.2,9.1000.125
min f 500

yk

n =0,0013,.d =0,0013.1000.125 =163 mm?  (reinforcement ratio)

As,min < As,prov < As,max
188 <262 <6 000 CHECKED

=188 mm?®  (brittle failure)

Check of reinforcement in ultimate limit state (ULS)
f

o Poofe 2624347

| bh.f, 0,8.1000.1,0.20,0
x=X_T1_0056<045-x,

d 125
z=d-05Ax=0,125-0,5.0,8.0,071=0,121 m
Meg = 8, prov- fyg-Z = 262.434,7.10°.0,121=13,83 kNm
Mgy =13,83kNm>11,48 kNm = m,, CHECKED

reserve 20%




2.5. SLS check of panel

For the purpose of this example, serviceability limit state will be checked using simplified
method based on deflection control criterion.

Concrete class: C 30/37

Type of structure: continuous beam » Mgt =30,8 prop=20,5%
As prov = 335 mm?  (lower reinforcement is crucial for deflections) Mdtab = 21,0 prop=1,5%
Asreq =171 mm? (required cross-sectional area of reinforcement from ULS)

Span: 1=25m

Reinforcement ratio p = Asprov / Ac = 335/ (1000.150) = 0,22 %

As the reinforcement ratio of our panel is less than 0,5 %, A4 1ap Can be taken as 30,8 and no
interpolation is required.

Md.ab = 30,8 prop=0,5%

Ke1 = 1,0 (rectangular cross-section)

Kez = 1,0 (span is less than 7,0 m)

_ 500 Aslprov ~ 500 335
fyk A req 500 171

Ad = Ke1 Ke2 . Kez Agtap =1,0.1,0.1,96.21,00=41,16 —

1/d=25/0,126 =19,84 —

1/d<M)g

19,84 <41,16 => Checked

Kc2

3. Check of the beam

3.1. Calculation of cover depth

Description of the structure

- The structure is inside the building, with low-humidity operations => XC1
- The surface is not exposed to corrosion caused by chlorides

- The surface is not in contact with sea water

- The structure is protected, therefore is not exposed to freeze-thaw cycles

- There is no risk of chemical attack of the structure

Requirements: XC1 .... C 30/37; w/c < 0,6, ¢ > 260 kg/m®
Serviceability life 50 years => structural class S4
e Cover depth for stirrups

Chom = Cmin + DCqev

Cmin = MaXx {Cmin,b; Cmin,dur + ACdur,y - ACdur,st_ ACdur,add; 10 mm}
Cminp = 8 MM (estimated diameter of stirrups)

Cmindur = 10 mm



Values of Cringur [MM]

Structural Exposure class related to environmental conditions
class X0 | XC1| XC2/XC3 | XC4 | XD1/XS1 | XD2/XS2 | XD3/XS3
S1 10| 10 10 15 20 25 30
S2 10| 10 15 20 25 30 35
S3 10| 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20| 25 35 40 45 50 55

ACdury ; DCqur,st ; ACduradd CONsidered equal to 0
Cminst =Max{8; 10+ 0-0-0; 10} =20 mm
DCgev = 10 mm (precast structure)
Chom,st = Cminst+ DCdev =10 + 10 =20 mm

e Cover depth for main bending reinforcement
Chom = Cmin T DCgev
Cmin = MaX {Cminb; Cmin,dur + ACdury — ACdurst — ACdur,add; 10 mm}
Cminp = 22 MM (estimated diameter of rebars)

Cmin,dur =10 mm
ACdury ; DCqur,st ; ACduradd CONsidered equal to 0
Cminst =Max{22;10+0-0-0; 10} =22 mm

DCgev =5 MM (precast structure)

Chomst = Cminstt DCdev =22 +5=27 =30 mm CC%

b 5o s

22

3.2. Design of main bending reinforcement in midspan

e Calculation of loads
(18,4.2,5+0,25.0,35.25.1,35) = 48,9 KN/m”

48,9 kN/'m’

134,45

M

Ed,midspan

184,86

=184,86 kKNm

Slab is supported by masonry walls, therefore it
acts as a simple beam.

The beam is loaded by the load from the slab
multiplied by loading width of the beam (axial
span in our case) + the self weight of part of the
beam under the slab.



We choose @22
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Fig. 6 Distribution of internal forces in beam (positive moment)

d =h-c —% = 500—30—% =459 mm (In final design state, beam collaborates with slab)

Me, 184,86

m= - =0175=> g-
bd %.f, 0,25.0,459%20,0.10° €=0,245
£ =0,902

E = 0,245 < 0,45 — Elim CHECKED
A =M _ 184,86.10°
,req

- . =1028mm?
fyd Vd 434.10°.0,902.0,459

Check of reinforcement ratio

A, ooy =1140 mm?

A e = 0,04.A; =0,04.500.250 = 5000 mm?

A - 0,26.f,,b,.d 0,26.2,9.250.459
m o 500

>0,0013.b,.d = 0,0013.250.459 =149 mm®

,min =

As,min < As,prov < As,max
173 <1140 < 5000 CHECKED

=173 mm?

Check of spacing
_b,-2c-nf 250-2.30-3.22
prov n—1 - 2
Smin = Max (1,2f ;d, +5;20mm) = max (1,2.22;16 + 5;20) = s, = 26,4mm
(dy maximum diameter of aggregate grains)
Sin < Sprov < Smax

26, Amm<62mm CHECKED

=62 mm

S



Check of reinforcement in ultimate limit state (ULS)
Design: 3@22 (Asprov = 1140 mm?)

A fy 114010434
08b.f, 08.0,25.20,0

x 0124
X :E:m=0,27ogoi45=xlim CHECKED

z=d-0,4.x =459 - 0,4. 124 = 409 mm
My = A f,q.2 =1140.10°.434.0,409 = 194,32 kNm
Mg, =19432kNm>18486 kNm=M_  CHECKED

=124 mm

reserve 5%

3.3. Design of shear reinforcement
Veg= 134,4 KNmM (maximum value of shear force)

Capacity of compressed concrete strut
cotq =15 (recommended value for optimum slope of shear cracks)

v=0,6 1—l =0,6,/1- 30 =0,528
250 250

Vg mae = V- foy 0,229 0528.20,0.0,25.0,409. > = 356,9 kN
’ 1+cot°q 1+15
(maximum load-bearing capacity of
Design of stirrups concrete in compression perpendicular to

(%) 8 anticipated shear crack)
number of legs 2

S 150 mm

f,wc 500 MPa

W min

—008 - 008——000088
500

VAS
s - A, _ 2506
Pl e 250.0,00088
Sz,max =min(0,75.d;400) = 0,75.459 = 344 mm
= min (460; 344) = 344 mm
S prov —150 mm<344mm=s_,

=460 mm

(maximum spacing of stirrups according to detailing rules)

CHECKED

~ 10 ~



Viegs = .z.cotgq = 459.15=171,4 kN

150
Vg, =134,4kN <1714 kN =V, <356,9 kN =V

A, g 4.50,26.500/1,15
S

Rd,max

CHECKED
reserve 27%

3.4. Connection

In case of full connection between beam and slab, the strain in critical cross-section is
continuous up to the stage when limit elastic state of the cross-section is reached. This
situation can be best characterized as a stage when yield limit of tensile reinforcement is
reached (the strain of reinforcement is &). Load-bearing capacity of such cross-section is
given by force couple N¢ and Ny, with lever arm z.
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Fig. 7 Distribution of internal forces in precast and in-situ part of the cross-section.

bi = bw- 2.uy = 250 - 2.35 = 180mm (effective width of the beam for transmission of shear stress
between precast and in-situ part of the structure)

; Minimum bedding length of filigree panel on the
5 beam is 35 mm. From technological point of
view, even smaller values are possible, but
temporary linear support right next to the beam
is required in such a case. This option requires a
way of support different from the one shown in
this example.

Reduction of shear forces (for optimization of results)

Vg1 =Vey — [(g + dj (g +0), j =134,45— [(0’2250 + o,459j : (48,9)) =105,9 kN

~11 ~



b-Ve,  10-1059-10°

Veg =

b

z
bi

= =143 MPa
z-b,  409-(250-2-35)
Is ratio between longitudinal force in in-situ part of cross-section and total longitudinal
force in compressed part of cross-section, in our case b = 1,0, because neutral axis lays
in in-situ part of cross-section (see check of beam),

is lever arm of internal forces (see check of beam),

is width of connection area between in-situ and precast concrete members,

Veg =C- fgg +mes 41 - f -(msina +cosa)<05n- f,

where:
c,m
fctd

Sn

r

o

v

Connection type: rough connection
c=045; pu=07

are coefficients depending of roughness of connection area,

is design tensile strength of concrete calculated from characteristic strength fei .05

is normal stress perpendicular to connection area, in our case we takes, =0,

is reinforcement ratio of connection area by connecting members,

is angle between connecting reinforcement and shear plane, in our case reinforcement
will be perpendicular to concrete surface and therefore o = 90°,

is reduction factor for compressive strength of concrete in shear, n = 0,6(1—2]:—;%}

n= 0,6-(1—2) =0,528
250

Vg =0,45-—+0,7-0+

2,0 100,566 434 7.(0,7-1+0)<05-0,528-20
15 2501000

Ve =145 MPa <528 MPa CHECKED
\U= =1,43 MPa <£1,45 MPa = A\ CHECHED

~12 ~



4. Temporary design situations

4.1. Design of lifting clutches of the beam
Fo=V-r =0,25-0,35-55-25=12,03kN  (self-ueight of the beam)
Fun =A-q=[(035+0,25+0,35)-55+(0,35-0,25)-2]-1=5,4KkN  (increase in self-weight due to

adhesion to formwork)

Adhesion coefficient for formwork

Smooth, oiled formwork q=1kN/m? =)
Smooth, non-oiled formwork q =2 kN/m®
Rough formwork q =3 kN/m*

To minimize the labour consumption in production process, formwork on all sides of the
panel is considered. This is also the worst case for calculation.

Ny, =02 (F 4 Fy)=13— 22 (12,03+54)=1126 kN (force in one lfting clutch during

n.cosa 2-c0s 30 formwork stripping)
Je 135 _ - _
N,, = d.—.Fp =2.——.12,03=1313kN (force in one lifting clutch during
’ n.cosa 2-c0s 30 manipulation on construction site)

Ny =max(Ny ;N ,)=max(11,26:1313) =1313 kN

During manipulation, the member is subjected to dynamic effects as well. These effects are
taken into account by dynamic coefficient o, which increases static effects. The size of

dynamic coefficient is given by lifting device and its rectification.

Recommended values of dynamic coefficient
Fixed crane, rail crane < 90m/min 10-1.2
Fixed crane, rail crane > 90m/min 13-14
Lifting and transport in flat terrain 1,5-1,65
Lifting and transport in rough terrain >2,0
(construction site)

Slope angle

I
Bl

I
Lifting device J e
Lifting clutch li = %

Apical angle

prepravni
I tichyt

bremeno

Fig. 8 Lifting of reinforced concrete panel

~ 13 ~



4.2. Number of connecting elements for manipulation

If the connecting reinforcement
protrudes from the surface, they

AL . can be used for manipulation and
o . P no further lifting clutches are
) T required.
*LH/./'
Force in one leg of the connecting element /{
N, 1313 V4
N=06-—+—4—=06-—F—"——-=2156 kN 2 i
cos(b +30) cos(45 +30) Al
c =0,05-f +0,3=0,05-8+0,3=0,7 ; :
As,req = Nd = 2156 =708 mm?

c.f, 07-4347
Cross-sectional area of one leg of stirrup is @8=50,3 mm?

Required number of stirrups n = 70,8/50,3=1,4 => 2 kusy

4.3. Check of beam during transport

1,48 1,48

m\ — /(m’\ For manipulation, lifting clutches

AN W ke placed 1 m from the end of the

4,52 beam will be used.

M

=452 kNm

d =h-c —% =350-30- % =309 mm (only precast part is effective during transport)

Ed v poli

e Check of reinforcement
Navrh 3022 (Asprov = 1140 mm?) (already designed)

Ay-fe  1140.107°434

X = = =124 mm
08b.f, 08.0,25.20,0
x 0124
X=—=—""—"-=0,40<0,617 =X,
d 0309 CHECKED

~14 ~



z=d-0,4.x =309 -0,4. 124 = 256 mm
Mpg = A f .2 =1140.10°.434.0,256 =12834 kNm
Mg, =12834kNm>452kNm=M_,  CHECKED

M Ed,negative — 1,48 KNm

e Design of support reinforcement
We choose 2810 (minimum beam reinforcement required by detailing rules)

d =h-c —% =350-30 —% =315 mm (only precast part is effective during transport)

= A
Ast L N R T SRR Sl
A b i
T B

Fig. 9 Distribution of internal forces in beam (positive moment)

M g, 1,48
m= =
bd’.f, 0,25.0315%20,0.10°

=0,003= &=0,013
£ =0,995

£=0,013<045 =&, - ECKED

A= Mg 1,48.10°
" feVd  434.10°0,995.0,315

=10,8 mm?

e Check of reinforcement
Design: 2810 (Asproy = 157 mm?)

‘= Ay.-fs  157.10°.434
08h.f, 08.0,25.20,0

x 0,017
X=—= /- = 0105 S 01617 = Xmax
J~ 0315 CHECKED

z=d-0,4x=2315-0,4. 17 = 308 mm
Mg = A f 4.2 =157.10°.434.0,308 = 20,98 KNm
Mg =20,98kNm>148kNm=M_  CHECKED

=17 mm

4.4. Design of lifting clutches of filigree panel
F.=V.r =0,05-1,2-25-25=375kN  (self-weight of the panel)
Fadh =A-0=12-25-1=325 kN (increase in self-weight due to adhesion to formwork)

~ 15 ~



ggo

. 1,35 _(3’75+3’25): 6,55 kN  (force in one lifting clutch during
Nn.cosa

F, + Fa )=13-
( p tah) 2-c0s 30 formwork stripping)

N,,=d

N :d.ilp = 2.&.3,25 =4,09kN (force in one lifting clutch during manipulation
2 ""n.cosa " 2-¢0s 30 on construction site)

N, =max(Ny ;N , )= max(6,554,09) = 6,55 kN

e Required number of stirrups
N 6,55

N=06-—+94—-=06-—r——~=925kN
cos(b +30) cos(45 +30)

c =0,05-f +0,3=0,05-8+0,3=0,7
N, __ 925 = 35,5 mm?

A= Ct ~07-4387
Cross-sectional area of one leg of stirrup @6=28,3 mm?

Required number of stirrups n = 35,5/28,3=1,2 => 2 kusy
5. Temporary supports during concreting

5.1. Filigree panel supports
Assembling loading

Thickness Bulk Char. Partial Design

Permanent (mm] density load tactor load
[kg/m°] [kN/m?] [kN/m?]

In-situ concrete layer 100 2500 2,5 1,35 3,38
Filigree panel 50 2500 1,25 1,35 1,69
Total of permanent
load > 3,75 > 5,06
Variable
Variable assembling load 0,75 15 1,13
Total of variable load > 0,75 2 1,13
TOTAL > 4,05 > 6,19

The standard determines variable load 0,75 kN/m? during assembling

The calculation is based on an assumption of one temporary support in the middle of span of
filigree panel.

\\

Support

~ 16 ~



1,25 1.25

Fig. 10 Moment curve with temporary support
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Fig. 11 Distribution of internal forces in slab (negative moment)

e Check of reinforcement in ULS

?10 per 300 mm (As,prov= 262 mmz) (already designed)
d=h-c-@/2=50-20-8/2=26 mm

_ As,prov'fyd _ 262.434,7

X = = =71mm
| bh.f,  08.1000.1,0.20,0
x=X=T1_ 02720617 =x,,
d 26

z=d-05Ax=26-0508.7,1=232mm
Meg = 8, o+ F10-2 = 262.434,7.10°.0,023=2,6 kNm

Mgy = 2,6 KNm>1,20 kNm = m, CHECKED

reserve 116%
One support in the midspan is required. Assumption checked.

5.2. Beam supports

Loading areas =2,5/2=1,25m
1

2
Mg, =%-[(g +q), -s]-(%} =§~6,19~1,25-5,52 = 29,25 kNm

~17 ~



e Design of midspan reinforcement

d =h-c —% =350-30- % =309 mm (only precast part is effective during transport)

e Check of reinforcement
Design: 3 @322 (Asprov = 1140 mm?) (already designed)

Ay-fy  1140.10°.434

08b.f, 08.0,25.20,0
x 0124 B

z=d-0,4.x=309 - 0,4. 124 = 256 mm
My = A f,.2 =1140.10°.434.0,256 = 128,34 kNm

Mg, =128,34 kNm > 29,25 kNm=M,,  CHECKED

The beam does not require temporary supports.

~18 ~



