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ABSTRACT:

Designing industrial buildings that use prefabricated ceilings made of TT slabs, is a complex issue. In pro-
fessional practice, typical (catalog) TT floor solutions are used in production lines, warehouse buildings and
cement plants. The article presents a comparative analysis of a cross-section of the prefabricated ceiling
span, pre-tensioned pre-stressed, slab-rib type TT ceiling in an industrial building with a mullion and tran-
som structure. The prefabricated TT slabs are produced from reinforced concrete beams. The slabs width is
constant at 240 cm and the span is assumed to be 12.0 meters. The subject of structural analysis is the selec-
tion of an appropriate cross-section of the prefabricated element, the amount of pre-stressing reinforce-
ment required, the concrete class, and on this basis, check the load limits ULS and serviceability limit SLS
according to applicable Eurocodes. The analysis was conducted on the basis of the adopted computational
model and carried out detailed strength calculations.
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1. Introduction

The use of prefabricated elements in the design of industrial buildings is very popular due to
the speed of execution and similar durability compared to monolithic technology. It should be
added that formwork and temporary supports are often omitted, which reduces investment
outlays. Prefabricated elements are usually used in situations where the decisive factor is the
speed of construction (spans of industrial or bridge ceilings [1] are made within a few days).
The most commonly used solutions, in the main load-bearing elements, are pre-stressed con-
crete slabs prefabricated with ribs, marked in the literature and catalogs as 2T, TT or II slabs.
One prefabricated element consists of two main ribs longitudinally stressed with high tensile
strength tendons (main tendons in the element’s tension zone and usually one tendon in the
compression zone due to the assembly phase) and ordinary transverse reinforcement in the
form of stirrups. The ribs are connected by a thin reinforced concrete slab 3 to 8 cm thick
with reinforcement in the form of a welded steel mesh. The cross-sectional height of the TT
slabs (including concrete slab) is assumed in factories in the range of 44 to 106 cm. It gives the
possibility to reach elements spanning up to 30.0 meters with high usage loads. Standard cross-
sectional widths of the TT slabs range from 240 to 300 cm. The TT slabs are used in industrial
buildings, multi-level car parks and in commercial and service facilities. There are also varieties
of slabs with one pre-stressed rib (T type prefabricated slabs) in production.
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In Figure 1 there is an example of the use of prefabricated TT slabs, based on both sides by
pre-stressed girders, in an industrial building.
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Fig. 1. View of the industrial ceiling with TT type pre-stressed concrete slab [2]

2. Geometric data and compression parameters of a TT type floor slab

The analysis of the load capacity of an industrial floor span made of prefabricated TT con-
crete pre-tensioned slabs was carried out on a selected example of a ceiling in an industrial
building (Fig. 1). The cross-section of the TT type floor slab as in (Fig.2) was adopted for
analysis. The values of the geometrical parameters of the cross section are given in Table 1.

=
Fig. 2. Cross section of a TT type pre-tensioned concrete slab

Table 1

Values of geometrical values of the TT cross-section according to [3]
Cross section b bz bs di hy hz h3 h bey
of slab TT [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]
TT440 205 480 960 15 300 70 70 440 2390
TT650 205 460 960 25 500 80 70 650 2390
TT860 205 440 960 35 700 90 70 860 2390
TT1060 205 420 960 45 900 90 70 1060 2390

min. max. max. min. min. max.

LIMITATIONS: 205 745 960 0.05xh1 900 50 50 - 3000

Basic parameters of the prefabricated ceiling made from the TT slabs were adopted in static
and strength calculations in accordance with [3]:

- Effective span in the axes of support of the TT slab:

- Total length of the TT slab:
- Total width of the TT slab:

Ley=11.6m

Lpy=12.0m

ber=2.39m
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- Static scheme:
- Live load on the ceiling:

single span structure
7.50 kN/m?
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Fig. 3. Variants of cross sections of the TT floor slab: a) W-01 variant of the TT440 slab; b) W-02 variant
of the TT650 slab; c¢) W-03 variant of the TT860 slab; d) W-04 variant of the TT1060 slab

(a) Slab TT440

(b) Slab TT650

(c) Slab TT860

(d) Slab TT1060

Fig. 4. Calculation models for cross-sectional analysis of the TT floor slab: a) model for the TT440 slab;
b) model for the TT650 slab; ¢) model for the TT860 slab; d) model for the TT1060 slab

Static calculations were made on the 3D Frame + Shell model in the Autodesk Robot
Structural Analysis Professional 2018 software. The model uses beam elements - slabs with
cross-sections as in Figure 3 and shell elements - a reinforced concrete slab made from
reinforced concrete in a prefabricated ceiling of TT slabs. Diagrams of the calculation models
are presented in Figure 4.

In the analysis of the cross-sectional structure ceiling span constructed by the TT slabs,
results of static and strength calculations were made for variants W-01, W-02, W-03 and W-04.
In the designed industrial building with TT type pre-tensioned concrete ceiling, fixed parame-
ters were adopted: a slab span equal to 11.6 m in column axes, width of the TT slab equal to
2.4 m, width of the rib equal to 20.5 cm and rib spacing in light of the side walls - b3 on (Fig. 2)
and (Fig. 3) equal to 96.0 cm. A non-structural constant load equal to 4.83 kN/m? and a live
load equal to 7.50 kN/m? were adopted. Optionally, a characteristic load from a forklift truck
was adopted in accordance with [4-6]. In the calculation models, two classes of concrete
in the prefabricated slabs C45/55 and C50/60 were adopted in accordance with [6] and two
classes of pre-stressing tendons Y1770S7 and Y1860S7. The exposure class was XC4 where
Cmindur = 30 mm. The poured concrete was made of C30/37 class concrete reinforced with
welded steel mesh.

3. Analysis of the load capacity of a road viaduct

Several optimization criteria were assumed in order to carry out a detailed cross-sectional
analysis of the TT prefabricated floor slabs, which were used for the 16 calculation models.
Figure 3 presents four variants of the TT slab cross-sections W-01; W-02; W-03; W-04. In each
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variant, four models were adopted, in which the variables were concrete and pre-stressed
steel class according to the formula:

W-01; W-02; W-03; W-04
M-01 (C45/55 and Y1770S7); M-02 (C45/55 and Y1860S7);
M-03 (C50,/60 and Y1770S7); M-02 (C50/60 and Y1860S7);

Criteria for cross-section optimization:

KR-1: due to the safety condition for the ultimate fracture state of the bending TT slab
according to [6] and [7]

Myyi1 < Mg (1)

KR-2: checking the condition for exceeding the allowable edge stresses for concrete in
a transient design situation according to [6] and [7]

8cc < 0gop = 0.7 X form (2)

KR-3: due to the pre-stressing force condition for the scratch resistance category 1b (fully
pre-stressed) for the tension zone (safety condition in the cracking limit state for the lower
edge of the cross section) according to [6] and [7]

Per1 < Py (3)

KR-4: due to the pre-stressing force condition for the scratch resistance category 1b (fully
pre-stressed) for the compressed zone (safety condition in the limit of cracking condition
for the upper edge of the cross section) according to [6] and [7]

Pera < Ppp (4)

KR-5: due to the load capacity of the concrete slab due to the reinforcement of the TT section
in three places: at the base of the slab support; in the slab reinforcement cross-section and in
the span section according to [6] and [7]

Mgy = max{Mgq1; Msaz; Msqz} < Mgq (5)

KR-6: due to the pre-stressing force condition for the scratch resistance category 1b (fully
pre-stressed) after immediate losses according to [6] and [7]

Pi1 S Py (6)

KR-7: due to the pre-stressing force condition for the 1b scratch resistance category (fully
pre-stressed) after immediate and rheological losses according to [6] and [7]

KR-7.1: P,y < P, and KR-7.2: Py = P,y (7)
KR-8: due to reverse deflection (dead load and pre-stressed) according to [6] and [7]
Ay < Aim1 (8)
KR-9: due to maximum deflection according to [6] and [7]
a < agim (9)
KR-10: due to momentary deflection according to [6] and [7]

Ari < Aimic (10)
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the optimal cross-section of the TT type floor slab is marked in Table 2 under item 13.

Table 2
Summary of results of the TT slab cross-sectional optimization criteria

The calculation results for the 16 models are presented in Table 2. After a detailed analysis,

N Calculation KR-1 | KR-2 | KR-3 | KR-4 | KR-5 | KR-6 | KR-7.1| KR-7.2| KR-8 | KR-9 | KR-10
0 model code <10 <10 |=<10|<10(|=<10|<10]| =10 >21.0 <10| <10 | <10
1 TT440C45Y1770 0.49 | 1.02 | 1.32 | 1.93 | 0.64 | 0.95 | 0.42 0.32 0.36 | 13.78| 0.36
2 TT440C45Y1860 0.50 | 1.09 | 1.25 | 1.96 | 0.64 | 0.95 | 0.42 0.34 0.38 | 13.79| 0.36
3 TT440C50Y1770 0.44 | 093 | 1.30 | 1.74 | 0.60 | 0.95 | 0.45 0.35 0.35 | 11.40| 0.35
4 TT440C50Y1860 0.45 | 1.00 | 1.24 | 1.79 | 0.60 | 0.95 | 0.45 0.37 0.37 | 11.38| 0.35
5 TT650C45Y1770 0.27 | 0.75 | 0.74 | 0.96 | 0.46 | 0.97 | 0.52 0.72 0.15 | 3.81 | 0.10
6 TT650C45Y1860 0.27 | 0.80 | 0.71 | 1.04 | 0.46 | 0.97 | 0.52 0.75 0.16 | 3.82 0.10
7 TT650C50Y1770 0.24 | 0.68 | 0.72 | 0.73 | 0.43 | 0.97 | 0.56 0.79 0.15 | 3.06 | 0.09
8 TT650C50Y1860 0.24 | 0.73 | 0.69 | 0.82 | 0.43 | 0.97 | 0.56 0.83 0.15 | 3.05 0.09
9 TT860C45Y1770 0.18 | 0.58 | 0.45 | 0.26 | 0.34 | 0.98 | 0.60 1.35 0.08 | 1.53 0.04
10 | TT860C45Y1860 0.18 | 0.61 | 0.43 | 0.37 | 0.34 | 0.98 | 0.60 1.41 0.09 | 1.54 | 0.04
11 | TT860C50Y1770 0.16 | 0.53 | 0.42 | 0.02 | 0.32 | 0.98 | 0.63 1.52 0.08 | 1.20 | 0.04
12 | TT860C50Y1860 0.17 | 0.56 | 0.41 | 0.11 | 0.32 | 0.98 | 0.63 1.59 0.08 | 1.19 | 0.04
13 | TT1060C45Y1770 | 0.15 | 0.47 | 0.26 | 0.27 | 0.31 | 0.99 | 0.65 2.53 0.05 | 0.86 | 0.02
14 | TT1060C45Y1860 0.15 | 0.50 | 0.25 | 0.13 | 0.31 | 0.99 | 0.65 2.62 0.05 | 0.86 | 0.02
15 | TT1060C50Y1770 | 0.14 | 0.43 | 0.23 | 0.58 | 0.29 | 0.99 | 0.68 3.08 0.05 | 0.66 | 0.02
16 | TT1060C50Y1860 0.14 | 0.46 | 0.22 | 0.43 | 0.29 | 0.99 | 0.68 3.19 0.05 | 0.66 | 0.02
3,50 ; : :
325 i i i
CRITERIA FOR THE TT1060 SLAB
3,00
275
2,50
225
2,00
175
1,50
125
100 +--—- o -
075 //\\- A\
050 /! /)\
025 JWM g & ™y
0.00 r r - .
KR-1=1,0 KR-2=1,0 KR-3=z10 KR-4=1,0 KR-5=1,0 KR-6<1,0 KR-7.1=1,0 [ KR-7.2z 1,0 KR-8<1,0 KR9=10 KR-10=1,0
—&— TT1060C45Y1770 0,15 047 0,26 0,27 0,31 0,99 0,65 2,53 0,05 0,86 0,02
—48--TT1060C45Y1860 0,15 0,50 0,25 0,13 0,31 0,99 0,65 2,62 0,05 0,86 0,02
--#--TT1060C50Y1770 0,14 043 0.23 0.58 029 0,99 0,68 3,08 0.05 0.66 0.02
—8 . TT1060C50Y1860 0,14 0.46 0,22 043 0,29 0,99 0,68 3.19 0.05 0.66 0.02
vl 100 1.00 100 1.00 100 1,00 1,00 100 1,00 100 100

Fig. 5. Final analysis of the TT1060 slab cross-section optimization

Analyzing all calculation results from the 16 criteria, it should be stated that only cross-

sections of the slab with a total height of 1060 mm - items 13, 14, 15 and 16 in (Table 2) - meet
all the criteria. The conditions that determined the selection of the optimal cross-section
were criteria KR-7.2 and KR-9 related to the pre-stressing force condition for the 1b scratch
resistance category (fully pre-stressed) after immediate and rheological losses and due to
the maximum deflections of the TT type floor slab.

of the TT concrete pre-stressed ceiling slab with a total height of 1060 mm.

Figure 5 presents a graphical method of analyzing the final optimization of the cross-section
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4. Conclusions

The Ultimate Limit State (ULS) and Service Limit States (SLS) were checked computationally
for the cross-section of the TT pre-stressed concrete slab. 16 TT slabs models were tested based
on 10 criteria. Based on the analysis, the optimal cross-section of the TT pre-stressed concrete
slab was chosen, i.e. the TT1060 slab with 8 pre-stressed tendons of Y1770S7 steel (in each rib
in the tension zone there are 2x4 pre-stressed tendons) and one pre-stressed tendon in the
compression zone. The presented TT1060 slab met all optimization criteria and the detailed
static and strength calculations according to [7] and [8] confirmed the selection of the above-
mentioned floor slab in the industrial building.
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Analiza stanéw granicznych ULS i SLS przekroju poprzecznego
prefabrykowanego stropu, wykonanego z plyt strunobetonowych
typuTT

STRESZCZENIE:

Projektowanie obiektéw przemystowych, w ktérych zastosowano prefabrykowane stropy ptytowe typu TT,
jest zagadnieniem ztoZonym. W praktyce zawodowej mozna stosowaé typowe (katalogowe) rozwigzania
stropéw TT w halach produkcyjnych, budynkach magazynowych lub cementowniach. Przedstawiono anali-
ze pordwnawcza przekroju poprzecznego przesta stropu prefabrykowanego, strunobetonowego, ptytowo-
-zebrowego typu TT w hali przemystowej o konstrukcji stupowo-ryglowej. Plyty stropowe typu TT
prefabrykowane oparte sa na zelbetowych belkach. Szeroko$¢ plyt jest stata i wynosi 240 cm, a rozpietos¢
przyjeto 12,0 metréw. Przedmiotem analizy konstrukcji jest dobranie odpowiedniego przekroju poprzecz-
nego prefabrykatu, ilosci zbrojenia sprezajacego, klasy betonu oraz na tej podstawie sprawdzenie stanéw
granicznych nos$nosci ULS i stanéw granicznych uzytkowalnos$ci SLS wedtug obowiazujacych Eurokodoéw.
Analize przeprowadzono na podstawie przyjetego modelu obliczeniowego oraz dokonanych szczegétowych
obliczen wytrzymatos$ciowych.

SLOWA KLUCZOWE:
stropy prefabrykowane typu TT; ptyty prefabrykowane typu TT; elementy strunobetonowe





