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OPENINGS, CUT-OUTS, FIXINGS
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REFERENCE TO fib H.C. RECOMMENDATIONS
CHAPTER 4.16

POINT 4.16.1 Gl

sign method and
chapter
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| NoRD ~ OPENINGS, CUT-OUTS, GENERAL
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- Different location in slabs and different variety of sizes and dimensions

- Small cut-out (< 300+400 mm) during casting on fresh concrete
or by saw after hardening

600~
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0
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- Larger cut-out or opening require steel or cast in-situ trimmer beams

a) Steel trimmer beam

Reinforcement of concrete trimmer beam
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SMALL OPENINGS - DESIGN

- Maximum size of small openings

Length/width Depth of unit Depth of unit
(mm) < 3 I = 300 mm
{ Xb £ Xb

- Corner (1) 600X 400 mm 600X 300 mm
- Front (2) 600X 400 mm 600X 200 mm
- Edges (3) 1000 X400 mm 1000X 300 mm
- Centre (4)

Round holes core minus 20 mm @ 135 mm

Rectangular 1000 <400 mm 1000 X 400 mm

openings

- Moment capacity of slab with opening

- Shear capacity of slab with opening

N
MO =M drand
slab Nstrand orig
by —bgp
Vo=Vaab by,
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NORD 0 LARGE OPENINGS — SIMPLIFIED DESIGN
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- Large opening when >1/3 strand are cut or opening = 1200 mm
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NORD LARGE OPENINGS — SIMPLIFIED DESIGN

gruppocentronord.it

- Floor divided in modulus of 1200 mm

- Calculate the “point loads” from trimmer beams

- The adjacent hollow core slabs to be designed for additional loads,
according to graph of Sect 4.5 (also may refer to EN1168)

Peripheral tie beamsz
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NORD LARGE OPENINGS — SIMPLIFIED DESIGN

gruppocentronord.it

Remarks on simplified design method

- For large opening close to support (< 1/8 L) the effect of torsion + shear
to be taken into account

- For small openings, the method give very conservative results.

- Better accuracy, but always conservative, in case of larger openings
(1 or 2 slab openings)
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00000
_ _ Geometry Materials constitutive models
single HC unit (Implementedinto ABAQUS FE code)

FE mesh, with four-node, multi-layered shell
elements representing the middle plane of the
webs and of the bottom and top slabs (even in
presence of concrete topping). -

assembled HC panels

RC longitudinal joint modeled through vertical shell
elements able to transmit shear stresses.

o
o z"\\\\\\\\\\\\

M»

\ ) AT N
\&\\\\\\\\\\\\\l;lfﬁg\\\\\k\\\\\\\\

= A ,f%
modelling of the large opening

Panel side

RC slab bottom

bottom

panels and RC joints smeared crack non linear model
for uncracked and cracked Reinforced Concrete (“2D-PARC
model”, Cerioni, lori, Michelini, Bernardi, 2008, “Multi-
directional modeling of crack pattern in 2D R/C members”,
Eng Fract Mech, vol. 75 pp. 615-628).

In the cracked stage:
contributions offered by

- aggregate bridging

- aggregate interlock

- dowel action

- tension stiffening

NS

Rebar layer hosted in
a shell element with
an initial given
prestress

Elastic-hardening law

steel trimmer beam

Elastic-hardening law
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PIkN] end of jack stroke = 21 kN

Tests on single HC units

Bending test (Bernardi et
al., RDB PC Italy, 2003)
BT L

| Y

Shear test (Bernardi et al., -
RDB PC Italy, 2003)

> Experimen el HE0-<L
® ExperinentlHs0-2

fofom)

= - 117 e

Shear test on HC with RC topping and one RC
joint (Girhammar & Pajari, KTH, 2008)
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60

Tests on HC floors
With or without opening

Distance from edge [mm]
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(Pajari, VTT, 2004) .
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, (Suikka et al., VTT, 1991)
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Step IlI: Definition of the case studies for the de
* simply supported HC floor constituted of 7 units
e 4 slab thickness (220 mm, 320 mm, 400 mm, 500 mm)

* 6 opening cases, characterized by different dimensions and positions
ftA ftB ftC ftD fmE fmF 60

RESEARCH PROGRAM

velopment of design charts

e concrete topping thickness (0 — 40 — 80 mm)
* floor slenderness ratio H/L (1/25—-1/30-1/35)

* imposed floor service load (5 — 10— 15 kN/m?) (prestressing strands arrangement)

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 Bl 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
] [ . 119.5 !
50
k i
2 2 o R 119.5
Opening Opening N°of involved Opening dimensions o
name osition anels P77
p p H22 H32 - H4Q H50 4{ /./.;.m
ftA slab end 1 60 x 120 cm 50 x 120 cm | 45x 120 cm - )
ftB slab end 2 120 x 120 cm 100 x 120 cm | 90 x 120 cm 19
ftC slab end 1 120 x 120 cm 120 x 120cm | 120 x 120 cm
ftD slab end 2 240 x 120 cm 240x 120cm | 240 x 120 cm
fmE slab midspan 2 120 x 120 cm 100x 120cm | 90x 120 cm T
fmF slab midspan 1 60 x 120 cm 50x120cm | 45x120cm

o000 ©ood 10odd
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Step IV: Reporting of results -ULS design charts ( 9,L/H) for end slab openings
— _ ftD opening, no topping, H30
0= (Vi,op Vint)/vint L0 1
V, ,p= shear force on the i" slab of the floor with openings 0.0 |

V,.: = shear force acting on the corresponding slab of the
floor without openings

0.80 - 5
Procedure: d 1
1) Evaluation of d by enveloping the numerical results ' 8- Traslazione
at SLS, referred to different reinforcement ratios. veo LiH
2) Determination of the SLS design curve for each 25 30 35
value of concrete topping. ‘
3) Offset of the SLS design curves of the quantity Siab close o opening D (1o topping)
Ad = | Oy - O |, Onax being the maximum value "
assumed by & during the loading history until the >
reaching of M4 or of the numerical failure. é
ULS shear verification: K =+
Vsd = yGl(Gl & GJ,cast )bl / 2+ Exaflnl;)le: 12 -
25 % dendernesL/H *
(yGZGZ + J/Q(?)bllz(l-'-@S VRd opening
b = Slab W|dth Slab close to opening D (with topping)
| = design span Evaluated on the effective T T :
G, = slab dead weight cross-section

Gy st = dead weight of all the cast in situ elements (joints
and concrete topping)
G,, Q = 2" phase loads, applied after floor assembly

H200
—o— H300
= A - HA00
—&—H500

shear increase % at ULS
oBERB8E58833888

R

30 dendernessL/H  °
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Step IV: Reporting of results-ULS design charts (d,

0= (Mi,op - Ivlint)/Mint

M; ,,= maximum bending moment of the i*" slab at
midspan of the floor with openings

Procedure:

1) Evaluation of & by enveloping the numerical
results at SLS, referred to different reinforcement
ratios.

2) Determination of the SLS design curve for each
value of concrete topping.

3) Offset of the SLS design curves of the quantity
Ad = | Oy - O I, Opax being the maximum value
assumed by o during the loading history until the
reaching of M,y or of numerical failure.

ULS bending resistance verification:

2
Meg = Ve sz862 *1Q) b (1+@) < Mrg
b = slab width

. Evaluated on the effective
| = design span

cross-section

moment increase % at ULS

Example:
fmE
opening

1234567

Example:
fmF
opening

1234567

Slab close to opening F (no topping)
50

40
H200

30 —€—H30
= - H400
20 —@—H500

[ -
S ==
*—

2 @ denderness/H °

moment decrease % at ULS

moment increase % at ULS

moment decrease % at ULS

0

-10

-10

L/H) for openings placed at midspan

Slab with opening E (no topping)

H200
—&— H300
= &=-H400
=@— H500

e 30 slendernessL/H 3

Slab with opening E (with topping)

H200
—— H300
= H400
—@—H500
2 %0 dendernessL/H °°
Slab close to opening F (with topping)
L = e e e __
H200
—&— H300
= A=+H400
Y ' —@—H500
—
2 %0 slendernessL/H %°
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DESIGN CHARTS FOR LARGE OPENINGS
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Opening A (with and without topping: see ANNEX C)

- Shear increase % of slab close to opening A

- Shear decrease % of slab with opening A
according to following design charts

Slab close to opening A (no topping) Slab with opening A (no topping)

50 0
0 0 H200
— —
% 40 - —&— H300
< H200 § 10— == H400 .
B 30 —&— H300 % ——H500 @ __o=====""
: e § o= e s
£ 20 —@— H500 g
§ .i-.-.mi ----------- 3
B 10 :‘;w 5

% s 30 35 40

slenderness L/H 25 30

dendernessL/H 3

Opening B, C and D same procedure, see ANNEX C
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DESIGN CHARTS FOR LARGE OPENINGS
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Opening E (with and without topping: see ANNEX C)

- Moment decrease % of slab with opening E

- Moment increase % of slab close to opening E
according to following design charts

Slab with opening E (no topping) Slab close to opening F (no topping)
0 50 ,
9 H200 (ﬁ
?_, —@— H300 2 40
§ -10 = - H400 ;\3 H200
% —@— H500 ® 20 —@— H300
P g = A=+ H400
é E 20 —@— H500
g g
-30 !
25 30 slenderness L/H 35 25 30 slenderness L/H 35
Opening F same procedure, see ANNEX C
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Example 1 — HC floor with opening at midspan
INPUT DATA

Opening type: E, 1000 x 1200 mm, hollow-core slab with no topping
Floor dimensions: H=300 mm, L/H of 35=>L =35 x 300 = 10500 mm
Applied loads: 2nd phase load q =10 kN/m?, dead weight g, = 3.8 kN/m?

-)MEd =1.2x(1.35x3.8+1.5x10) x 10.5%/8 =332.9 kNm
Design of the slab interested by the opening

Slab with opening E (no topping)

H200
—@— H300

10 - - H400 o
—— H500

moment decrease % at ULS

-30

25 30 35
slenderness L/H design of slabs 5 or 6
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Design of the slab interested by the opening

Slab with opening E (no topping) NBE B

0 M_, = acting bending moment at ULS (without influence
" H200 of the opening);
% —&— H300 My open = 0cCting bending moment on the slab with the
O\O 10 = &~-H400 opening’-
% o— &= 00 Mg open = ENing capacity of the slab interested by the
3 ® opening (evaluated on the effective resistant cut cross
S 0 ‘% _____ Vﬂ section, with approximately half width and half
é ~8== reinforcement for a symmetric arrangement);
o
S Mg whoe = bending capacity of the slab in a section not

230 disturbed by the opening (uncut section)
25 30 dendernessL/H °

From the chart: in the slab with the opening there is a moment decrease of about 20,% gt ULS, so the,
effective moment on the cut slab according to design chart is:

M = (1+8) M.,= 0.80 M, = 266.32 kNm

Ed,open —

M =M

=0.80 M, = 266.32 kNm

Rd,open Ed,open

Mag whote 1 (1.20/0.70) M >1.71x266.32 = 455.4 kNm

Rd,open
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Example 1 — HC floor with opening at midspan
Design of the slab adjacent to the opening

It must be observed that in panels adjacent to the cut ones there is an increase of the acting moment
and an additional reinforcement should be provided.

In this case, the same design chart of opening type F can be adopted also for type E opening, so
obtaining for the same floor a moment increase of 9 % at ULS.

Slab close to opening F (no topping) 1 2 3 4 5 6 7
50 |
0p)]
-
% 40
x H200
% 30 —@— H300 N L
5 - &~ -H400
= 20 —@®— H500
design of slab 4
0 {
> 30 dendernessL/H %
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Example 1 — HC floor with opening at midspan
Design of the slab adjacent to the opening

Slab close to opening F (no topping)

50 .
wn NOMENCLATURE
—
2 40 Mg aq;, op = ACting bending moment on the slab
C\g H200 adjacent to the cut one;
3} 30 —@— H300 Mza.qdi, op = bENding capacity of the slab adjacent to
o — A - H400 the cut one;
= A
£ 20 —@— H500
o)
g 10
O {

25 30 slenderness L/H 3°

The slab adjacent to the cut one must be designed for the following moment:
M = (1+9) Mg4=1.09 M, = 362.86 kNm;
M > M =1.09 M, = 362.86 kNm.

Ed,adj, op

Rd,adj, op Ed,adj, op
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INPUT DATA

Example 2 — HC floor with opening at slab end

Opening type: C, 1200 x 1200 mm, hollow-core slab with no topping
Floor dimensions: H=300 mm, L/H of 35=>L =35 x 300 = 10500 mm, L,=10500-1200=9300 mm
Applied loads: 2" phase load q =10 kN/m?, dead weight g; = 3.8 kN/m?

V., =1.2x(1.35x3.8+1.5x10) x10.5/2 = 16.82 kN
DV, opening = 1.2 X (1.35 x 3.8) x 9.3/2 = 28.6 kN

Design of the slab adjacent to the opening

Slab close to opening C (no topping)

z;—__ﬁ"j: =8

shear increase % at ULS
w
o

20 H200
—@— H300
10 = &~ -H400
—@— H500
O L
25 30 dendernessL/H 3°

(uncut slabs, all loads applied)
(cut slab, dead load )

1 2345617

L,=9.3 m

design of slabs 4 or 6
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LARGE OPENINGS-EXAMPLE OF CALCULATION
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Example 2 — HC floor with opening at slab end

Design of the slab adjacent to the opening

Slab close to opening C (no topping)

50
i & ______ ﬁ—r—:‘: .. :=‘
2 40
%
o\°
% 30
&)
g H200
5 —@— H300
% 10 — A~ H400
—@— H500
O !
25 30 sendernessL/H 3%

NOMENCLATURE

V., = acting shear force at ULS (without influence of
the opening);

Ved adj op = ACting shear force on the slab adjacent to
the cut one;

Vra,adi, op = Shear capacity of the slab adjacent to the
cut one;

From the chart: in the slab close to the opening there is a shear increase of about 47 % at ULS, so the
effective shear force on the slab according to design chart is:

Vegagiop = 1.2 X [(1.35 x 3.8) + (1+3) x (1.5 x 10)] X 10.5/2+ V14 opening /2 =
=1.2x[5.13+1.47 x 15 ] x 10.5/2 + 0.6 x (1.35 x 3.8 ) X 9.3/2 = 185.5 kN

Vv >V =185.5 kN

Rd,adj,op Ed,adj,op™
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Same example through the SIMPLIFIED METHOD for mid- span opening
Point load P at corners of opening P= (Lp x Bop /2)x(3.8 x1.35+10.0x1.5)/2 = 41.76 kN

(With distance P from support Lp= (L -1.2)/2 =4.65 m and width of opening Bop = 1.0 m)

Span L=10.5m a; =28% (from chart 4.5-7 for point loads at floor edge)

Moment increase due to Point loads AM =0.28 Px Lp =54.37 kNm

Since no topping at ULS AMsp = 1.25 x AM =67.96 KNm

Through SIMPLIFIED METHOD the slab adjacent to the opening must be

designed for
MRg agjop = 332.90 + 67.96 = 400.85 kNm

Through DESIGN CHARTS the bending moment was 362.86 KNm

For the bending moment the simplified method is 10% more conservative
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LARGE OPENINGS - EXAMPLE OF CALCULATION
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Same example through SIMPLIFIED METHOD for opening  at slab end

Point load P at corner of opening iS P= (L, x Bop /2)x(3.8 x1.35+10.0x1.5)/2 = 56.16 kN

(With distance P from support Lp=L-1.2 =9.3 m and width of opening Bop = 1.2 m)

Through SIMPLIFIED METHOD the slab adjacent to the opening must be
designed for

Vey=1.2x(1.35x3.8 + 1.5x 10) x10.5/2 = 126.82 kN (without openings)

VEpadjop = 126.82+56.16 = 183 kN + 85 (torsion effects) =268 kN

Through DESIGN CHARTS the shear design was ~ 185 kN
Including also all torsional effects

For shear the simplified method is largely more conservative
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LIGHT LOAD FIXINGS
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Fixing of suspension loads to soffit of H.C. floors may be foreseen in
different way:

- Light loads (2.0+5.0 kN) may be at soffit flange of H.C

- Medium-heavy load (>5.00+10.00 kN) must be hanged through
the extrados of H.C

Inserted steel plate

F e 1

OI00Q00IR@OONIE
2

Light straps for ceiling Toggle bolts only for Hanger thru bolt for
and duct work vertical loads heavier loads

IPHA TECHNICAL SEMINAR - Tallinn October 25-26, 2017



ASSAF
00000

— solai alveolari _

Some examples of possible fixing devices for load suspension at the soffit

of H.C. slab and allowable load

LIGHT DEVICES

Fixing type Example of allowable load Advantages Inconveniences Remarks
M6 04kN -simiple placing Large drlling diameter - drilling crater at inner
-chea side causesflexwre of
M8 1.2kN -safe :Pfaj.lu.re of anchor and decreases
anchor beanng capacity
M6 0.13kN - simiple placing -special devices are
-cheap sometimmes needed for
-safe: failure of nsertion
MEMIO-MIZ - simiple placing - failure in concrete; -respect tum maerment
HC130 1.0kN -smaller capacity than atplacing
HC200 23EN fixing device itself,
% HC1&5 40EN dependng ontype HC
HC320 4 0kN
HC400 6.0kN
MEMIO-MIZ 1.0EN - expensive/ conmplex
HC130 23kN mserting techmque
HC200 4.0kN -hardeningneedad
HC263 40kN beforeloadng
HC320 6.0 kN -temperatire dependent
HC400 -resin leakage may cause
—_— adhearence oftreadedbar
to conerete, causing
splitting of conaete skin
M6 to M16loadng -zafeinuse - difficult placing a fter -mostindicated
m upto 13 kN -capadty anchorbar floor finishing solution forlargerloads
depending onsteel determiring
top plate
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