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THIN-WALLED ELEMENTS AND CAST-IN-SITU CONCRETE

1. Introduction

In many types of buildings the large spans of skeleton structures in
both directions are required from functional and/or architectural reasons.
Additionally, in some cases the relatively high storeys and big live loads
are required too. These three independent requirements cause some serious
structural problems in design and erection of buildings.

The structural system described below was designed mainly according to
the demands of modern department stores HIl. The elements of the structure
were tested in laboratories, introduoed in practice and modified during
the period of almost 15 years. Over ten large buildings were erected with

partial use of the system elements,

2. General Description of the System
The basic assumptions taken into account at the design wereas follows:
- the grid of columns from 9mx 9m to 9m x 12m,
- the height of storeys from4.5m to 6.0m,
- the live loads from 5.0 to7.5 kB per squaremetre, with possible
increment to 15 kIi/m2 for the grid.of 9m x 9m in jheawy loaded stores.
The fire protection requirements were 2 hours for columns and girders,
and 1 hour for secondary beams and slabs. In addition,lack ofbracing

walls  for 3-storey to 5-storey buildings has been also assumed.

1) Assoc. Professor, Silesian Technical University,

ul _.Pstrowskiego 5, 44-100 Gliwioe, Poland.

2) Doctor Eng.(Mrs), Silesian Technical University,as above.



- 10 -

Special considerations were devoted to technological problems of the
system. To avoid the heavy scaffoldings and shuttering precast members
were chosen. However, precast girders and columns of a full,” solid
section were too heavy to assembly, because the distance at least Iffi
had to be considered at a®sembling. Therefore, to connect the benefits of
precast and monolithic structures the composite system was designed.

The general idea was to combine the thin-walled prefabricated elements,
either reinforced concrete or prestressed concrete, with the cast-in-
-place supplementary concrete.

The prefabricated elements should be made from high-strength concrete
with precision to warrant the suitable and accurate assembling works.
These elements should be equipped in all the connecting details necessary
at assembly and finishing work. The surface of the prefabricates ought to
be smooth enough to avoid the plastering and any other finishing works
apart from painting.

The prefabricates to be filled*with fresh concrete must be provided .
with the reinforcement carrying all the assembly loads and the average
working loads. Since the loads Day change in particular parts of building
the load-capacity of members under especially heavy loads should be provi-
ded with additional reinforcement, but the shape of prefabricates remains
constant in their main groups to avoid many types of costly forms.

The supplementary part of sections should make possible placing addi-
tional reinforcement, and the east-in-situ conrete could be of a moderate
quality (e.g- Cl16) ; in practice ready-nixed concrete placed by pumps ox
conveyors should be used.

The main idea of the system described is presented in Pig.1l, where
the arrangement of precast members over the interior and exterior column
is presented. The final cross-sections of girders and columns are showed
in Pig.2; the share of cast-in-place concrete in these members is relati-

vely big.

3. System Elements
The most.numerous members in the structure are the T-beams which crea-
te the basic floor surface. The T-beams were designed as reinforced con-

crete or prestressed concrete elements (Pig.3 a,b,c,d).
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Pig.1. General conception of the structure - arrangement of prefabri-

cates jfal- interior connection, (b) - edge intermediate connection



Fig,2. Final cross-sections of the main members! [@ - girder, (©® - column

(exemplars dimensions for 9 3 9m column grid)

Additionally, for special purposes the T-beams were joined into TT-unite
(Fig-3 e). The width of 600ee was the uniform for single T-beans, and the
depth was 450mm for the span of 9m and 550mm for the span of 12m. Beams
were assumed as simply supported during assembly, and partially fixec in
the final stage of structure.

.At the edge of the floor where usually external walls are supported or
suspended the strong beam-tie members of asymmetrical cross-section were
proposed (Fig,3 f). In some cases,to lessen the height of girders, the
T-beams with inclined end-parts were used (Fig-3 g). For special applica-
tions, when the ventilation system should be integrated with structure,
the members with openings have been designed (Fig-3 h),

The U-shape girder members were designed as reinforced concrete or
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Fig-3. The elevations and cross-seotions of T-beams: @ - basic types of
beans, (@) - reinforced concrete section of 12m-beam, (© - prestressed

concrete section of 12m-beam, () - reinforced concrete section of 9ra-beam,
® - joint TT-members, (f) - edge beam-tie member, (@ - T-beam with inclined

end-parts, (hj- member with openings for ventilation system



- 14 -
prestressed concrete elements of relatively thin walls. They should be

prepared to the following functions in the structure:

- as a part of a final section of girder, containing the major part of
bottom reinforcement,

- as a support for the T-beams during assembly,

- as a shuttering while casting freBh concrete.

Fig.4. presents the constructional solutions which fulfil the require-

ments mentioned above: the reinforced concrete members are designed for

the grid of columns 9 s 9m and they should be additionally supported

with temporary struts between columns during assembly workB; the pres-

tressed concrete members (with optional kinds of strands) were designed

either for the grid 9 2 12m (with additional assembly supports) or for

the grid 9 x 9m (without assembly supports).

The hollow columns were assumed with two different sections according
to the method of forming (Fig.5) . When formed in the vertical position
the hole of approximately square section is possible to achieve, with
the internal surfaces slightly inclined. For the columns formed in hori-

zontal position the circular hole is more suitable as it may be shaped

£_ diaphragms
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Fig.4. The U-shape girder prefabricates:(a) - longitudinal section,
@) - section of reinforced concrete element, © , (d) - sections of

pre-tensioned elements
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by a tubular core. The main column reinforcement running continuously
throughout the girder joint should be located in particular position to
pass by the bottom and walls of the U-shape precast member and to allow
setting of the upper column. The additional reinforcement at the joint is

possible to place inside the hollow section (Fig.2 b),

4. The Range .of Experiments

Several problems had to be solved by experimental tests because the
simple theoretical analysis seemed to be unsatisfactory for such a scale
of elements and their specific shapes and connections.

For the particular members of the structure the following tests were

undertaken:

for T-beams

Jjn - full-scale tests of 12m-menbers up to failure (3 elements),
(D) - full-scale long-term testB of 12m-members (2 elements),
(iii) -site tests in building to clarify the transversal co-operation,

for U-shape girders
av) - half-scale model tests of U-shape elements fulfilled withconcrete,

subjected to hogging and sagging bending moments,

B-B 8-8

m

Fig. 5. The column precast members with two kinds of hollows: (@ - usually

for the vertical casting,(b)- for the horizontal casting
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() - full-scale tests of U-shape pre-tensioned member subjected to

symmetrical and asymmetrical loads,
for hollow columns
{to)- halfescale model tests of hollow precast members and of composite

elements with fulfilled core.

5. Tests of T-beams

The teste were undertaken for the most complicated elements of 12
metres spans solid beams with inclined end-parts and similar beams with
openings {steel frames around the openings were built-in). The elements
were made from ordinary concrete(approximately C20), with controlled
compression strength in the range from 21.3KPe to 23.9KiPa. Flexural bot-
tom reinforcement was from high-bond bars of 02Smm (see Pig.3 b) , and
stirrups from plain wires 06mm. The beams were formed with camber to
balance deflections due to self-weight.

airee elements were tested under instantaneous load: four equal forces
were used as an equivalent uniform load (Pig.6) . All the elements had
several initial micro-cracks from shrinkage of width less than 0.C5nm.
These cracks resulted in the shape of the load/deflection curves which

did not indicate an. explicit cracking-load level.

uo-
120-

100-

3

20

1/400-289 1/250-462 m “dspon deflection [mmj
Pig.6. Load/deflection relations in the prototype T-beams tested as simply

supported, subjected to Ffirst instantaneous load (apart from self-weight).
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"The crack patterns {-Fig.7) and the observations of T-beams behaviour up
to failure confirmed the general correctness of the design and detailing
of elements,

The similar two elements were subjected for almost one and half a year
to the long-term load of 5.4 kE/m, which corresponded to the service load
of 3.0 kE/m2 (characteristic loads taken into account in the design). The
total long-term deflection was about 44mm,i.e. 1/2&3 (Pig-8) . The ini-
tial micro-cracks became more visible, but their width did not exceed
0.1mm. In the completed structure the T-beams built-in are partially
fixed in girders so the deflection should be lessen significantly.

The beams without openings were also tested in site during the erec-
tion of building. The aim of this test was to check the behaviour of
beams with fixed ends and to control the effectiveness of transversal
connections between beams. The results of these tests may be described
as follows:

- deflection of single beams in structure under instantaneous imposed
load of about 6.0 KE/m was almost 35 per cent less than the deflection
of simply supported T-beams tested in laboratory,

- the end-parts of beams fixed in girders did not demonstrate any visible

Pig.-S. long-term deflection of uniformly loaded T-beams So 4 (without

openings) and Ho 5 (with openings).
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cracks in ribs or in plates,

- the same beam which was tested as a single member of a floor slab, when
joined by welded connections in diaphragms with adjacent beams, and

loaded as before, showed hardly 1/3 defleotion of the single member.

6. Tests of U-shape Girder Members

These tests were carried out in two phases for reinforced concrete
models. The initial tests of wide range were devoted to the problem of
co-operation of the thin precaBt shell with the cast-in-place concrete
core [3] -Many questions of the load-capacity, deflection and cracking
were clarified by experiments on the large number of half-scale specimens
of the uniform size b/h/L = 200/300/2400mm.

The precast U-shape members were from ordinary concrete of approximate
grade C20j the fine aggregate up to 10mm was used. The total number of1101
specimens were divided into 6 series, according to the particular shape of
precast elements (Pig.9 a), with three different reinforcement percentage
(Pig.9 b) .59 specimens were subjected to the instantaneous loading. The
second part of specimens (42) were tested under long-term uniformly dis-
tributed load, and after half a year they were loaded up to failure.

Some results are presented in Pig.9 d,e,f in the form of plots for the
force/deflection relation. Generally, taking into account the load-
capacity and the proper oo-operation between precast and cast-in-place
parts of the composite beams as well as the constructional properties of
prefabricated elements the type. (O) of U-shape units has been selected in
all the stuctural system.”

In the second phase of tests the composite members were more complica-
ted: they consisted from U-shape units and small precast elements, which
imitated precisely the ends of T-beams supported on the girder [2] . To
check the behaviour of the final composite member subjected to hogging
as well as sagging bending moments the models were tested in two posi-
tions {Pig.10 a). All the three types of models (A, B, C) had the same
main reinforcement from 8 high-bond bars of 016mm. The skin reinforcement
in precast U-shape elements was from plain wires 04.5mm. The precast parts
were from ordinary concrete (approx. grade C20) and cast-in-place concrete

was almost two grades weaker (approx. C12).
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Pig. 9. Outline of the first-phase

model tests of composite members
formed in U-shape precast shells: 10
@ five types of precast units

signed A to E and comparative

solid members S, fb)cross-sections with different reinforcement, (C) scheme

of loading. Results of tests - the curves of the force to midspan deflec-

tion relations: (d) for weak reinforcement, (€) for medium reinforcement,

() for strong reinforcement (percentages equivalent for ordinary steel)
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Pig.10.Composite members as models
of girder segments:[a)types A,B,C
of elements with their sections -
main reinforcement presented only,
(b)crack-patterns after failure,
(o)plots of deflection/load rela-
tions for 3 models imitating sup-
port part of continuous girders,
(d)plots of deflection/load rela-
tions for 6 models equivalent for
span parts of girders
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The failure forms (Fig. 10 b)were differentj for members (A it was mainly
shear failure, for members B it was either flexural ox shear failure,
and for members (C) it was shear failure with visible splitting of precasl
parts from the internal core, observed in the final phase of failure.

The reinforced concrete precast U-shape elements were designed with
regard to the temporary supports between columns. To avoid these supports
the pre-tensioned elements capable to carry all the assembly loads were
designed. The additional problem of the resistance to torsion arose, cau-
sed by one-side T-beams reactions while assembling. Since the thin-walled
members were of open sections the case had to be considered as warping
torpion [53-

The member with the cross-section presented in Fig.4 c was tested
in the full-scale laboratory test, without filling concrete, as a simply
supported beam restrained on supports against torsion (Fig.11). The test
was divided into three steps: in;the first one the asymmetrical load (in
relation to the longitudinal axis) was applied till the value of total
assembly loads, Qa= 140kH. In the second step the symmetrical load, Q ,
was applied up to the level of cracking (Qf), and finally, the member was

loaded till failure (QJ. As a value of load-capacity was considered the

deflection fmm

Fig. 11. The pre-tensioned U-shape member of 9m-span under asymmetrical

and symmetrical loads; the plot of load/deflection relation



load at which deflections increased continuously; this value corresponded
well with the expected theoretical value, while the cracking was slightly
earlier than calculated (about 15 per cent) . The final failure was caused
by the crashing of concrete in compression zones of thin walls. When the
deflection reached the value about L/100 the member was relieved and the
major part of deflection appeared to be still the elastic one.

The behaviour of the member subjected to tor-
sion was very similar to the behaviour known
for solid members; it was due to diaphragms
that all the section was involved into co-ope-
ration at combined bending and torsion(Pig,,12).
Generally, the results of the pre-tensioned
member test showed the regular behaviour and
only the small addition of the ordinary rein-

Fig.12. The behaviour of forcement against cracking should be introdu-

the midspan cross-sectioi

of U-shape member under ced in the side and bottom plates,
the load along one wall

7. Tests of Hollow Columns
The choice of column sections with square or circular openings(Pig.2b)

was preceded by the tests of two series of half-scale models. Prom techni-
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Pig.13. The test specimens for hollow columns: (@) - C-shape element for

the full height,(b) - short hollow element, (©) - sections of filled models
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cal reasons the hollow preoast members were formed from smaller compo-
nents joined by welding of special conneotors. In the first series the
C-shape elements were used for the total height of the model (Pig.13 a);
three empty columns end two filled with ooncrete were tested. The precast
parts were from the high-strength concrete (approx. grade C35) and the
concrete in core was of approximate grade C20. In the second series the
closed hollow members were used, but of height 1m only and they were
joined into the full-height model with the strong mortar filling gaps*
two empty and two Filled models were tested (precast parts from concrete
grade C30 and cores from concrete C20). The basic results of column testa

are as follows}

types average load-caj>aeity of column average
of column at axial oomjaression, [MWJ] ultimate
models strain,
theoretical tested [*1
columns
compound ps 2.24 1.57 0.69
from two
C-units  fllled 3.81 3.92 0.82
columns
compound p - 1.98 1.48 0.71
from short
hol low fillea 3.76 3.66 0.78
units

The good agreement of theoretical and test results for the load-capacity
was visible for the composite columns, while the test results for thin-

walled columns (compound from small units) were significantly lower than
computed values. It was probably due to the local concentration of stre-

sses near the ends of thin-walled members.

8._Conclusions

An introduction of the structural system into practice was a long
process, from the first use of T-beams in 1974 [6] to the full use of all
elements in the building of the large department store in 1988. The
reason of such a long procedure were of technical and/or technological
nature as well as psychological. The reservations made by designers or
contractors of particular buildings had to be clarified on the basis of
analytical or experimental investigations. These investigations, parti-
cularly from experimental area have been described in this report.

The first large J-S"keu"ey building with floor-slabs built from T-beams
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of 12m span has been in constant use for over 15 years and the periodical
observations confirmed the structural and functional effectiveness of the
solution in spite of the changes inside the building. Similar observations
on six other 3- to 5-storey buildings allowed for the positive result of
general assessment.
nowadays, the studies and design for the use of the system in trade or

industrial stores, with service loads of 15 are in progress.
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MULTI-STOREY STRUCTURAL SYSTEM CONSISTING OF PREFABRICATED
THIN-WALLED ELEMENTS AND CAST-IN-PLACE CONCRETE

Summary

The report deale with the idea, Testa and Tiret applioatione of cospc*
site skeletal structure for municipal buildings, e.g. department store»,
schools, libraries. The large spans (9 to 12 m) in both directions, the
big loads 5 to 15 kU per n j, the high storeys (4,5 to 6 m) and lack of
bracing walls for buildings of 3 to 5 storeys were the main assumptions
in this solution.

To avoid heavy scaffoldings and shuttering precast R.C. and/or P.O.
members have been assumed. However, prefabricated beams or. columns of
full sections were too heavy to assembly, particularly when buildings
were large in the plan. Therefore, the composite structure consisting of
the thin-walled prefabricated elements and cast-in-place concrete has
been designed. Three basic types of precast units were proposed and
tested in full scales
- R.C. or P.C. T-beams of 9 and 12 m span,

- pxe-tensioned U-shape members for 9 m girders,

- hollow R.C. column members for the full height of storey.

The particular members of the structure, after laboratory or site tests,
have been introduced step-by-step in practice and some modifications were
done due to specific requirements, especially for the integration of

structures and installations.

Keywords: composite construction (concrete to concrete) , cracking,
deflection, precast concrete, prestressed concrete, reinforced concrete,

skeletons, warping torsion.
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SYSTEM KONSTRUKCYJNY WIELOKONDYGNACYJNEGO SZKIELETU

zbozonego z cienkos$ciennych prefabrykatéw i betonu uzupetniaj/”ego

Streszczenie

Opracowanie przedstawia koncepcje, badania i pierwsze zastosowania
zespolonej konstrukcji szkieletowej dla budownictwa miejskiego, np. doméw
towarowych, szkét, bibliotek. GFownymi zatozeniami w tym rozwigzaniu byty
duze rozpietosci w obydwu kierunkach 9 do 12m, duze obcigzenia od 5 do
15kl/m , wysokie kondygnacje do 6m i brak Scian stezajacych dla obiektoéw
do 5 kondygnacji, Niektére wyniki badan w skali pédtechnicznej i pednej
przytoczono w pracy.

KOHCTPYKEWOHHAH CMCTEMA MHOrO9TAXHOr0O KAPKACA
CUCTOHEErO H3 TOHKOCTEHHtIX 3JUUEHTOB H 3AMOHOJIMHBAIIEr0 Kffrnm

Pesuiie
B cTSTBe npezcTeBliena Hzea, HenHiaHMH a nepBue npzMeHoekh cSopnoro
KBpKEca B rOpOfICKOU CTpOHTSJIBCTB6, KEK HBIIpHUSp B JHMBepuarajC, 1HKOIIEX,
CHO0JiHOTeKax. rjiBBHUKH ocHOBaM« btoto KapKaca 6buiH Oolitinae npozeiH 9-12m,
CcjiBOKe HarpyaKH ot 5 zo ISkH/n2, BacoKne aiaza zo 6u, oicyicTBHe zna$pani
sactkoctb zo 5 aiasca. HeKOTopue pe3yzBiaTu nozyiexHHRecKHX u TexHHaecKHX
HcnuTSHHtI npezcTaBzeHu b paCoie.



