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IIb5

Essais sur des cadres en beton precontraint
realises pour des bätiments ä etages

Versuche an vorgespannten Betonrahmen
von mehrstöckigen Gebäuden

Tests on precast prestressed concrete frames
in multi-storey buildings

by the late K. W. MAUTNER
D. Sc, M. I. Struct. E.. M. S. C. E. (France)

The Substitution of precast reinforced concrete elemenls for structural
steel work for multi-storey buildings meel with practical and economic
difficullies.

The difficulty lies in connecting Ihe elemenls on Ihe site by means
of prolruding reinforcement encased in situ, this conneclion requiring
much labour and time.

Attempls have been made lo mould complete reinforced concrete
frames with two or three legs and to transporl them lo Ihe site, lifl them
in position and connect them with the frames below by means of pinjoinls
or the like.

Transporl difficullies, however, are considerable here.

The underlying idea of the prestressed preeasl concrele frames is as
follows :

Applying Ihe Freyssinet melhod of non-bonded but anehored cäbles,
the laller to be grouted in after complelion, frames are construcled from
prismatic beams and by elemenls. These elements have no prolruding parts
except short sleel plates for connecling Ihe frame of one storey to Ihe storey
above by simple welding, which plales are connected lo Ihe elemenls by
shorl welded mild steel bars. The precast elemenls are of simple shape
and conlain only enough M. S. for handling purposes.

On the sile Ihe frames are assembled by lensionin-r and anchoring
the cäbles, producing a pre-compression sufficient lo ensure al each Joint
a tensile slress nearly nil.

Should a load higher lhan the desitrn load occur Ihe bull Joint would
open and close again after disappearance of Ihe load.
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Fig. 1. Two separ-
ated frames,
prestressed but not yet
assembled.

The syslem was planned by the author for a London County Council
10 storey block of flats. Frames were at 14 feet eis., the slabs, spanning
14 feel. and 7 feet respectively.

Extensive füll scale tests were carried out at the initiative of Messrs.
Structural & Mechanical Development Engineers, Ltd., Slough, Bucks.,
by the Buiding Research Institute under Ihe guidance of Dr F. G. Thomas.

The strain measuremenls were made by a number of telescopic mirror
gauges and checked by means of the acoustic strain gauge developed by
the Building Research Institute.

The frames were loaded by hydraulic jacks placed in Ihe centre of a

beam, spans for the live load and a horizontally acting jack representing
wind load on the two uppermost storey of a 10 storey frame.

As it was only possible to carry out the lest in the flat position on a

two storey frame, the action of the dead weight of the columns was

'gHP*rjf
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¦ Fig. 2. Two frames
assembled and
under loading test
with mirror deflec-
tometers and aecou-
stic strain gauges.
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Fig. 3. Detail of the
measuring apparat-
uses with accoustic
strain gauges.
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neglected and therefore the results were on Ihe unfavourable side with
regard to the tensile stress in the columns.

The tests for wind load were carried out with the design wind load
of 25 lb/sq. ft on one side only, by inserting a jack on the uppermost
corner, the force being of 6.5 tons, increased gradually up to 13.6 Ions.

The vertical design load for the beam tesl was estimated lo correspond
lo a single load of 5.6 tons applied at mid span of the longer beam. This
was gradually increased up to 10.9 tons.

The resulls of these tests can be summarized as follows : No cracks
oecurred in any of the members at the design load but the Joint between
Ihe cenlre columns and the top beam opened at one end by 0.004".

At a load of 9.2 tons Ihe opening of the Joint between the cenlre
column and the top beam became 0.01" and slight cracks oecurred at
each of the welded joints with maximum width from 0.004" to 0.011".

Fig. 4. Opening of
one butt Joint
under excess load.
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Fig. 5. Crack under excess load at
welded Joint.

After the beam test, when lateral
loading of the frame was con-
tinued a crack in Ihe upper
column to which the load was
applied was observed at aboul
11/2 times Ihe design load. With
increasing loading openings ap-
peared al all beam column junc-
lions, and at twice the design
load cracks or opening of the
joints varying between 0.001"
and 0.008'" appeared in the
column on which Ihe wind load of
13.6 ton i.e., double the design
wind load was applied. On re-
moval of the load all cracks in
the concrete disappeared. The
conclusions drawn by the Building

Research Institute were :

1. The strength and sliffness
of the frame al Ihe lime of the

test were adequate for the load for w;hich it was designed;
2. Cracks are unlikely to occur in the member of the frame work

unless the frame work is seriously overloaded. Cracks developed during a

period of overload
will disappear on its
removal.

The lest showed
furlher lhal bending
momenls oblained
by analysis agree
with bending
moments calculated
from measured
strains except lhat
Ihe welded steel
joinls showed greater

slrains lhan the
adjacent prestressed
concrete sections.

Fig. 6. Schematic
drawing of two frames
for testing :

Q. - Non-bonded cäbles,-
b. — Anehored cäbles.
For details A and B

see figures 11 and 12.
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This resulted in a shifting of the points of contraflexure towards the
welded Joint thereby »lightly increasinp the bending moment on the top.

When comparing this system with the usual syslem of sleel framework

assembled by cleats and bolts or rivets it should be borne in mind
that Ihe steel frame work usually is not designed with the assumption of
complelely stiff nods but as a semi-rigid syslem taking in aecount the
yield of the conneclions. The assumptions therefore for which the
prestressed concrele frames had been tested are more rigorous than that of
the usual steel skeleton. Although the wind load applied was one sided
and of great magnitude the openings and cracks generally closed after
the removal of the load even when double the design load had been applied,
except very fine cracks in the cover of the welded steel plates.
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Fig. 9. Horizontal
butt Joint.

Fig. 7. Diagram of wind load
moments.

N, : Normal force for designed
load.

^ä^c-»-

-| Fig. 8. Moments by S. I.
loads.

N, : Normal force for exaggerated
load, with opening of the Joint.

Fig. 10. Vertical
butt Joint.
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Fig. 11 (left). Detail « A » of figure 6

plan and side alevation).

Fig. 12 (right). Detail « B » of figure 6
(plan and side elevation).
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For practical applications it is preferable to apply the multiple frame
system for the wind load only and to have the super imposed load
supported by slabs spanning parallel to the wind frames. In this case the
prestressing of beams and columns can be centrically applied as this is
suitable for wind loads alternately on each side applied on one and Ihe
other side.

Resume

En vue de la construction d'un bätiment ä dix etages en elemenls
prefabriques en beton precontraint, des essais ont ete pousses sur deux
etages en grandeur nature.

Les elements (poutres et colonnes) ont ete betonnes separement puis
assembles en cadres ä trois traverses d'apres le procede de Freyssinet,
c'est-ä-dire par des cäbles ä ancrage special.

Les essais ont montre la parfaite concordance avec les resultats des
calculs pour les charges prevues; pour des surcharges importantes, il se

produit des fissures se refermant apres dechargement.
Le Systeme utilise constitue un developpement du procede bien connu

de Freyssinet pour le montage de cadres ä deux dimensions en elemenls
prefabriques.

Zusammenfassung

Zur Abklärung der Aufstellung der Rahmen eines mehrstöckigen
Gebäudes aus vorgespannten Fertigbetonelementen wurden Versuche an
zwei Stockwerken des geplanten zehnstöckigen Gebäudes in natürlicher
Grösse ausgeführt, und zwar für Wind- und Nutzlast.

Die Elemente, Balken und Säulen, welche einzeln betoniert wurden,
wurden zusammengesetzt zu dreislieligen Rahmen nach dem Verfahren
von Freyssinet, d. h. mittels unverwundener, speziell verankerter Kabel.

Die Versuche ergaben, dass das Verhalten der Rahmen mit der
analytischen Berechnung übereinstimmt für die dem Entwurf zugrunde gelegte
Last und dass bei einer grossen Ueberlaslung Oeffnungen und Risse
entstanden, welche sich aber wieder schlössen nach dem Entfernen der Last.

Das angewandte System ist eine Weiterentwicklung des bekannten
Verfahrens von Freyssinet für die Montage von zweidimensionalen
Tragwerken aus Fertigteilen.

Summary

For the purpose of erecting the frame work for multi-storey buildings
by precast pre-stressed concrete elements, tests on a füll scale have been
carried out on 2 stories of a designed 10 storey building, for windloads
and super imposed load.

The elements, beams and columns which had been precast, had been
assembled to three leg frames by the Freyssinet method of non bonded
especially anehored cäbles.

The tests have shown that the behaviour of the frames corresponded
with the analytical computation for design load and lhat al serious over-
loading openings and cracks oecurred, which however closed after removal
of the load.

The System is an amplification of the known Freyssinet process of
erecting structures by precast elements for two dimensions.
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