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Research on Beams with Open Steel Box Reinforcement

Recherches sur les poutres de béton avec coffrage en tole
d’acier servant d'armature

Experimentelle Untersuchungen von Stahlverbundbalken mit
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SUMMARY

Results are reported of experimental and theoretical studies of the load bearing capacity and
deformability of five types of open steel box reinforced concrete beams. Some data from a
project for the construction of a two-storey office building, based on these results, are
given.

RESUME

Le rapport comporte des résultats de recherches expérimentales et théoriques sur la capacité
portante et la déformabilité de cing types de poutres armées par un coffrage en tole d’acier. Il
fournit les données d'un projet de construction d'un batiment administratif, dans lequel les
résultats de ces recherches ont été appliqués.

ZUSAMMENFASSUNG

Der Bericht enthalt Ergebnisse von experimentellen und theoretischen Untersuchungen uber
die Tragfahigkeit und Formanderungen von funf Typen von Stahlverbundbalken mit mitwir-
kender Stahlblechschalung. Einige Angaben zum Entwurf eines zweigescholigen Burohauses,
bei dem diese Ergebnisse genutzt wurden, werden dargestellt.
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An advantage of the open box steel reinforcement is the pos=-
sibility to use it alse as formwork and falsework(casing) of
the fresh concrete mix. After the hardening of the concrete it
"works" as reinforgement, giving thus the opportunity to re-
duse the bar reinforcement and to shorten the time-shedule for
execution of the construetion (participating permanent form -
work).

Five types of model elements(beamsy with open steel box rein-
forcement, used also as casing, have been investigated. Their
cross sectioms are shown on fig.I, all of them having a length
of 2000 mm. The open bex reinforcement has been made from two
cold-formed L shaped steel-sheet profiles with 2 mm thickness.
The profilesare connected in their bottom parts every I50 mm
by weldings of 50 mm length and their upper parts Dby plates
(4) or dowels (I).

The elements of type A have nc shear connectors. The eleme-
nts of type B and C have as shear connectors dowels(I), made
from L-shaped cold-formed steel profils 20.20.3 mm(fig.2).
They are fixed to the casing by point weldings. The elements
of type C have in their bottom part two N: I longitudinal
reinforcement bars, class S 400 /(3) in fig.I/.

300

In the elements type I the shear connectors (2) are fixed
to the side walls of the casing under an angle of 45°, their
cross section being identical with that of dowels {(I). The
elements of type E are as the elements of type B but they
have a concrete plate of 60 mm thickness.

The yield-point of the casing sheet is Ry = 302 MPa and
the modul of elasticity is Es,z,OS.IO5 M Pa. The bar rein-
forcement has an yield-point Ry - 428 MPa, a sbrength Ru = 593
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MPa and a modul of elasticity Es a 2.I0° MPa. The cube
stremgth of the concrete is 24,7 HPa, the cylinder strenggh -
22 ,5 MPa, the tensile strength - 2,96 /fPa and the modul of
elasticity - 2I700 /fPa.
The aims of the study were:
- to investigate the bearing (resisting) capacity and the
deformability of the different types of elements;
- to assess the methods of producing of the casing and of
the elements (beams).
The elements have been tested in bending, loaded with two
concentrated forces P, located in equal distances % from the
supports by a span L =-T900 mm. The deflections were measu -
red in the middle of thesspan and at the ends. The strains of
the steel casing and of the concrete were registered in the
middle of the spam with tensorezistor sensors. Their position
is shown in fig.2.
The theoretical model
for evoluation of the ul -

timate resisting capacity
of the elements and of the
resistance action effects
during the different sta -
ges of loading is based on

the following assumptions:
a).Plane cross sections
remain plane (Bernoulli);
b). Steel sheet and bar
reinforcement are subject

to the same changes of de-
formation as the adjacent
concrete;

e). The stress-strain
diagram of the sheet casing is according to the idealiZed dia-
gram of Prandtl;

d). The stress - strain disgram of the concrete in the com -
pession zene is as recommended by the Euro - Internationsl Co -
mmittee for Concrete (C.E.B., - F.I.P. Model Cede).

For the calculation of the deflections of the elements is
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used the formula E E
I - B3 T L@

_'{3"' h:

where E stands for the strains in the bottom and in the top
of the elements, and h - for the height of the elements.

Computer programmes have been composed for calculating the
bending moments and the deflections as functions of the gstrain
eof the mest compessed concrete part.

A comparison of the theoretically calculated and experimen -
taly registered deflections and strains is given in Table I.

Theoretical Experj mental R
PIKN] 39| 65| 91| 117 | 130 | 39| 65| 91| 117 | B0 | 182
B E34/%o0 | 0.46] 078] 114 | 141 | 158] 016] 070] 105 | 148 | 158 [ 589
€9 %o ] 014 028] 047] 00| 078] 018 02¢] 053] 070] 079 206
f |mm | 088] 1,58| 239 312| 349 043] 1.62i 2.40| 353 | 411 |14,26
PIKN] 39 65/ 91| 117 130] 39 65| 91| 117 | 130} 182
] €34/%. | 046| 078] 114 ] 141 158 017| 062] 109 ] 1.52] 1.73]1099
D E9 !%. | 014] 028 047| 070| 078]| 011 0.28] 044 064] 075 214
f (mm | 0,88{ 1,58/ 2,39] 312| 349 042| 1,34] 2.26] 325 380[14.32
P IKN| 42| 84 126, 168| 210] 42| 84| 126 168 210] 252
C E3gln. | 0.45] 050 062 090| 1,861 018 0,51} 090! 1,24 1.56] 571

€9 %0 | 0.32] 042} 057| 085! 1,50 0.37] 089 131] 1.69| 215| 706
f |mm | 114] 1.37] 1.77| 2,60] 500} 0,40| 1,50 262] 384! 5481657
P KN 42| 84] 126 168! 210 42] 84] 126 168, 210]| 273
E €34l%0 | 070 ] 0,80] 036 1,32] 250 0.11{ 047 088] 1,38 2.34| 348

€9 |%e ] 012 016] 023} 035] 065] 0,13] 0.35] 0,56 0,79) 1.19| 239
f mm|1,02]1,19] 1,48| 206| 389} 0,24] 094| 215] 3.7 | 6.02]1604
R - breaking load labte 1

The results from the tests with elements of type A are not
rresented as the differences between the theoretical and ex -
perimental data are too large, which is obviously due to lack
of bond between the casing and the concrete..

The elements of type A,B,D and E failed due to yielding of
the box reinforcement in the tensile zone whilst the elements
of type C failed by destruction of the concrete in the compres-
sion zgne.

The comparison of the strains at different peints of the cross
sections witnesses that the Bernmoulli assumption ig valid in
these cases. The deviation from it sests in only when the
strains are extreme.
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The diflection of the elements as a function of the lead P
are shown in fig. 3.
The deflections of the P [kN]
elements type A corres -
rond to a beam whit stif- : (;E%},,J
fness egqual to the stif - I -
ness of the casing,which o o
again gives evidence, that | | e Ed
the bond of the casing with |% ' P
the concrete without shear /%, 1
connectors is insufficiemt. |['® ‘f //{;ZfﬂC:W*"'+”‘"“’_‘

In the elastic stage the : ‘/ % A
elememts of type D (with = //;4 fl | A—

diiagonal shear conmectors) : ;? g /{,

are less deformable when %
compared with the elements
of type B for the relevant ©

4 500| 900 500
steps of leading (fig.3). / 1900

The theoretically calcu- 0’ b1 b “jfjgﬂr
lated deflectioms of the fig3
elements type D are nmearest

to the experimentally registered diflections.

The conclusions of the study are as follows:

the failure of the elements oceurs in the plastic range;

the shear commectors provide for a reliable bond of the ca -

sing with the concrete; the cross sections remein plain al -
most near to the failure; the theoretical model for calcula-

tion is a very good approximation to the real hehaviour of

the elements under loading; allewing for small plastic de -

formations of the casing in creases the bearing capacity
without remarkable reducing of the bond.

The results of the study were used for the project of a two
steries office -~ building. The comstruction is a sceleton one.
The beams and columns are provided with a box reinforcement of
4 mm thickness. The columns with a cross section 400/400 mm
are at a distance of 6 m . The slabs are with corrugated sheets
and 60 mm thick concrete. The connection of the sheets with the
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beams is realized by HILTI - bolts(HVE -I0S5). They are alse
bonding the concrete with the steel. Additiomal reinforcement
bars are placed only in the frame cormers of the sceleton and
over the supports ef the slabs. The horizontal seismic forces
of magnitude IX of the MSK scale are taken up by frames.
The amount of materials per w spread out floorage is as
follows:
- 0,I5 e of concrete
- 5 kg of reinforcing bars
-6,3 kg z’ozzapga,fea/sheets
- 34 kg. steel sheet
The time ~ shedule for execution of the construction is re-
duced: twice,.
The application of open box steel reinforcement is Technolo-
gically adventageous as it substantially reduces the amount of
formwork,.falsework and reinforcement work.
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