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Viati
The performance of small prestressed concrete units
Ueber die Ausfiihrung kleiner Bauteile aus vorgespanntem Beton
Comportamento de pequenos elementos de betdo preesforcado

Comportement des petits éléments en béton précontraint

S. C. C. BATE

B. Sc., A.M.I.C. E., Department of Scientific
and Industrial Research, Building Research Station

Watford

Introduction

The design and manufacture of prestressed concrete units is now
widely practised and conforms to generally accepted procedures, which,
in most countries, are governed by specifications, codes of practice or
other authoritative recommendations. These specifications and recom-
mendations have been based on experience and research over a number
of years and the purpose of this paper is to extend this background of
information relating to the performance of small prestressed concrete
units with pretensioned steel.

The structural design of these units is usually required to ensure that
cracking of the concrete is avoided under normal working loads and that
collapse will not occur under abnormal loading. The first requirement is
met by limiting the stresses in the materials arising from the prestress
and from normal combinations of the prestress and the working loads
after making the necessary allowances for losses of prestress. Security
against collapse is obtained by adopting an adequate load factor for the
ratio of the total failing load to the total working load for the unit. The
results obtained in the investigation described in this paper have a direct
bearing on the calculation of cracking and failing moments, and provide

(') Crown Copyright Reserved.



954 VIal. sS. C. C. BATE

some information on variability in behaviour, which may influence the
choice of load factor and the technique used in manufacture.

The investigation was carried out in two distinct phases. In the first
instance, a number of routine tests were made on several different types
of floor joist, in which behaviour under static loading was examined and
data were obtained on variations in production. Some of this work
was summarised by Masterman [1] in a review of developments in
prestressed concrete sponsored by the Ministry of Works; some new
and more detailed information on these tests is now given. In the second
phase, several series of experments have been made on lines of enquiry
suggested in a reassessment of the previous work, and this information
is presented for the first time.

Behaviour of the units under load

Three types of prestressed concrete floor joist were tested; each
was 12 ft. 9 in. long with the sectional dimensions given in Fig. 1. Some
information on their design and manufacture is shown in Table 1. The

units were made by the

25— «long-line» system of
f—zo—| b—2z0 pretensioning, and release
of the wires was effected
. at between 4 and 6 days
T after casting. Most of
e the tests were carried out
+ when the units were be-
. To-" T tween 3 and 9 weeks old,
Tos 27" but a few joists were as

+ o i old as 18 weeks.
T 1B J__L ' The joists were tested
. e —z0"—l on a span of 12 ft. 41/,
2] b—z0%l in. with quarterpoint loa~
(@ . ) ding deflections were re-
WIRE OF 0-1 WIRE OF 0.} WIRE OF 02 9'°rde’d at mid-span and
. oram w.o1AM. N, oiAM. in some cases the strains
FiGc. 1 in the concrete were mea-

sured on gauge lengths
of 10in. or 30 in. at all
stages of loading to failure. Each unit exhibited the characteristic
behaviour of prestressed concrete under load. For normal working loads,
the relationship between deflection and applied load was linear; at higher
loading cracking commenced, and the deflection increased at a dispropor-
tionately greater rate with increasing load until failure occurred (as shown
in Fig. 2). A summary of the results for the total moment at the
appearance of the first cracks and at failure is given in Table 2 together
with the strengths of the materials at the time of test.
It was found that the total moment at the appearance of the firsé
cracks could be calculated with reasonable agreement with the experimental
results when the data in Table 3 were assumed.
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TABLE 1

955

Design and manufacturing details for the floor joists

P ) b
Type of joist PN TV [V L VR s . Y
Diam. of wire: in. 0.104 0.104 0.200
Initial stress in the wires: lb. per sq. in.... 182,000 182,000 154,000
Mix proportions by weight of rapid-hardening
Portland cement and combined sand and
gravel aggregate ... ... . 1to 41/, l1tod!,(®) 1to 4
Water/cement ratio ... ... ... ... ... .ol 0.42 to 0.45 (?) 0.37
0.54
Estimated maximum precompression in the
concrete: lb. per sq. in. ... .. 1760 1940 2050

(*) Of the 65 joists tested of this type, two were made of concrete with proportions of 1 to 3.5
and a water/cement ratio 0.42 and six were made with concrete with proportions of 1 to 4 and

water/cement ratios between 0.41 and 0.45.

TABLE 2
Type of joist 6” >2a§ A 5 '/,g’)x 2" 5 '/,f'c)x 2"
Design moment: lb. in. ... ... ... ... .. 21,000 16,000 16,000
Total moment for first cracks: 1b. in.
Mean ... ... ... ... . 37,600 27,500 26,700
Max. ... ... ... ... 39,600 30,700 30,500
MIN, ... cii cot it ih cer e e e e e 34,700 22,800 23,500
Coefficient of variation: per cent ... ... — 6.1 —
Total moment at failure: 1b. in.
Mean ... ... coo cev cir een e e e e een 63,000 47,800 44,600
Max. ... v vt iir e e e e e e s 67,600 57,600 49,300
Min. ... .. co vit e e e e e 57,300 35,200 39,300
Coefficient of variation: per cent ... ... — 9.1 —
Crushing strength of 6 in. concrete cubes at
the time of test: lb. per sq. in.
Mean ... ... oo it iii e e e e e e 7,570 7,630 8,300
Max., ... i ver tir tet e e e e e s 9,600 11,400 9,500
Min, ... oot vir iin e e e e e e e 6,050 5,410 8,000
Coefficient of variation: per cent ... ... — 16.3 —_
Tensile strength of steel: lb. per sq. in.
Mean ... ... . vev cir et e e e 319,000 326,000 231,000
Max. .. 325,000 327,000 233,000
Min. 314,000 318,000 229,000

Ultimate mode of failure of the joists

Fracture of
the wires or
crushing of
the concrete

Crushing or
shear of the
concrete

Crushing of
the concrete
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TABLE 3

Data assumed for the calculation of cracking

moment for the tests

Relaxation of the steel (over—stressed by 5 per
cent for 2 minutes).. .. e

Modulus of elasticity of the concrete at transfer:
1b. per sq. in. ce e e

Shrinkage of the concrete ... ... ... ... ... ... ...
Creep of the concrete: per lb. per sq. in. ... ...

Bendmg tensile strength of the concrete: 1b, per
sq. in. .

5 per cent of
initial stress

5>< 106
150 >< 10 6
0.2>< 106

800

These figures for the creep and shrinkage of the concrete are half
those recommended for pretensioning in the «First Report on Prestressed

5

JOIST YESVED AFTER
2 MONTHS . -l

, P el

=
?%fs’fﬂ ‘L”

S YEARS.

APPLIED LOAD:TONS

4 7 2 J 4 s 6
QEFLECTION AT MID - SPAN . IN

Fic. 2

was based on the following assumptions, gave
the experimental results. It was assumed that. —

Concrete», of the Ins-
titution of Structural
Engineers, [2] and
when the losses calcula-
ted from these figures
are combined with the
losses due to the elastic
contraction of the con-
crete and creep of the
steel, a total loss of
about 17 per cent is
obtained for the joists
of the type shown in
Fig. 1-b. If these joists
remain unloaded throu-
ghout their life, the loss
of prestress may be ex-
pected to increase from
17 per cent to between
25 and 30 per cent, and
this was confirmed by
tests described later in
the paper.

The calculation of the
failing moment, which
good agreement with

a) the distribution of compressive stress in the concrete was uniform
across the compression zone with a value of 0.6 times the cube

strength of the concrete;
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b) the wires below the neutral axis were stressed to their tensile
strength;

¢) the maximum compressive strain that could be sustained by the
concrete was 0.2 per cent (from this assumption the stress in
any wires above the neutral axis at failure could be calculated).

This method of calculation which is very similar to that originally
proposed by Abeles [3], gave results for the three types of joists in
Figs. 1-a, 1-b and 1-¢ that under-estimated the failing moments by 8
per cent, 3 per cent and 2 per cent respectively on average for each type.

The maximum compressive strains in the concrete recorded at failure
varied between 0.21 and 0.39 per cent, but much of this variation developed
during the final phases of the tests, as, at 95 per cent of the failing
moment, the maximum recorded strains were between 0.18 and 0.22
per cent. The assumption of a value of 0.2 per cent for estimating the
stress in any steel in the compression zone at failure would therefore
appear reasonable.

Variations in cracking and failing moments

The results of the tests on the joists of the type shown in Fig. 1-b
were sufficient in number to obtain useful information on the likely
variations in behaviour of small prestressed concrete units arising from
variations in their production. The sixty-five joists tested were drawn
from seven different batches each of sixteen joists. In each batch, the
joists were cast in timber moulds in groups of four for each concrete mix,
and concrete cubes were also cast at the same time as each of the joists
for test with the joists. Samples of the steel were also tested. Information
was, therefore, available on the cracking and failing moments and on the
strength of the materials for each joist tested. The results are to some.
extent heterogeneous as in a few instances the concrete mix proportions
were varied, a few joists were as old as eighteen weeks and from one
to sixteen joists were selected from each batch for test. For simplicity,
the results have been treated as being drawn from a normal population
and the effects of several of the variables in manufacture and test were
examined experimentally in further tests which are discussed later.

The coefficients of variation for cracking and failing moment and
for cube strength are given in Table 2; the variation in the strength
of the steel was very small and is ignored in the examination of these
results. Histograms for cracking and failing moment are shown in
Fig. 3 and for cube strength in Fig. 4. It may be observed that variation
of cracking moment is less than that for failing moment. The coefficient
of variation for cube strength of 16.3 per cent is higher than would
normally be erpected for good factory production, but this may be explai-
ned by the variations in the age and mix proportions of the concrete which
have already been mentioned.

The regression of cracking moment (M.) on cube strength (C,)
was derived and is given by the following equation, which shows a
highly significant correlation: —

M. =0.78 C, + 21,600 (lb.in. units) (1)

61
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The form of this expression is such that the whole of the influence of
cube strength on the cracking moment can be explained by its influence
on the bending tensile strength of the concrete.

SIGN WORKING MOMENT,

“_
CALCULATED MOMENT FOR NO BENDING
I umv.m: STRESS AT ] MONTH.
Y s
R I |
¢ |
3 204 I BENOING MOMENT FOR
s I l VISIOLE CRACKING.
3 | 0
b 7
& | 2
10 I A FoR
AP
s g
R B | . . and/ ) nm
[ 10.000 20.000 30000 40000 Saooo
BENOING MOMENT L 8. IN.
Fic. 3

BENDING MOMENT

FAILURE.

60000

It must then be assumed

that the bending tensile
strength is 0.084 C,,
which is equivalent to
the tensile stress resul-
ting from the applica-
tion of a bending mo-
ment of 0.78 C..
"Two apparently dis-
tinct types of failure
were experienced in the
tests on this particular
type of joist: about
two-thirds of the joists
failed in shear near one
of the load points and
the remainder by cru-
shing of the concrete
near mid-span. A series

of subsidiary tests were made on similar joists with central loading on
spans of 1 ft.,, 2 ft., 8 ft., 4 ft., 5 ft., and 7 ft. to determine the effects
of the shear conditions on ultimate strength. The results of these tests
are shown in Fig. 5, from which it may be seen that the shear conditions

did not affect the failing moment when
the span was 4 ft. or more, which is
equivalent to a span of 8 ft. for quar-
ter-point loading. It would, therefore,

appear that in the main tests shear failure

only developed at maximum load when
crushing of the concrete was imminent,
and its appearance in the tests may be
neglected in the analysis.

The regression of failing moment
(M,) on cube strength is given by the
following relationship, which also shows
a hignly significant correlation: —
M, =1.69 C, + 34,900 (Ib. in. units) (2)
from which it may be inferred that the
behaviour of the steel has a greater

-
)
T

FREQUENCY ., PER CENT.
N
L)
T

s
T

o

i

MEAN STRENGTH

1 H

4000

Ll

T T
6000 8000 20000 12000

CRUSHING STRENSTN OF CONCRETE AT AGE
OF TESTING $%°X 27 JOISTS : LB./SQ.IN

FiG. 4

influence on the failing moment than the cube strength of the concrete.

The effect of dimensional errors

The analysis of variance, from which expressions (1) and (2) were
derived, are summarised in Table 4, where it may be observed that the
residual variances are high with respect to the total variance. Measu-
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rements of the dimensions of twelve joists from one batch showed that
there were considerable dimensional errors arising from the repeated
use of timber moulds. Analysis indicated that the variance in cracking
moment and in failing moment for these twelve joists due to these
dimensional errors accounted for much of the total variance in each case
as shown in Table 4. It is of interest to note that, had the coefficient
of variation for cube strength been very much less than the experimental
value of 16.3 per cent, it is unlikely that the coefficients of variation for
cracking and failing moments could have been less than 5.1 and 8.0 per
cent respectively as compared with the experimental values of 6.1 and
9.1 per cent respectively. For the manufacturing conditions under which
these joists were produced, greater uniformity could have been obtained
by reducing the dimensional errors than by increasing the rigidity of the
control of concrete quality. For uniformity in the behaviour of small
prestressed concrete units such as these, the use of steel moulds would
seem to be essential.

TABLE 4

Effects of variations im cube strength and dimensional errors
on variations in cracking and failing moment

Effects of Effects of

Series for the examination of variations in dimensional
cube strength errors
Number of tests in series ... ... ... ... ... 65 12

Cracking moment
(3) Variance of cracking moment ... ... 2.8 2.8

Variance due to variations in the qua-
lity of the concrete as indicated by

the strength of concrete cubes ... ... 0.9
Variance due to dimensional errors ... 1.6
Residual variance... ... ... ... ... ... ... 1.9 1.2

Failing moment

Variance of failing moment... ... ... ... 19.0 14.1
Variance due to variations in the qua-

lity of the concrete as indicated by

the strength of concrete cubes ... ... 4.5
Variance due to dimensional errors ... 6.5
Residual variance... ... ... ... ... ... ... 14.5 7.6

Variations in the quality of materials

It was not known to what extent the strength of a concrete cube
represented the strength of the concrete in a joist and what variation
in strength occurred within the length of the joist. A series of concrete
specimens each 12 in. long with a section of 3 in. by 3 in. were made

(® The units in which variance is expressed in the above table are (Ib, in)? X 10%.
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in moulds which were of about the same size as those used for the joists.
These moulds were made for casting 16 beams of 12 ft. in length in
groups of four and were sub-divided to produce eleven specimens in each
beam mould, that is a total of 176 specimens. The moulds were mounted
on the prestressing bed and filled with concrete, which was consolidated
with two shutter-vibrators fixed to each group of four beam moulds in

50,000

/h-n *

40,000

/

50000

20,000

FAILING MOMENT. LB. IN.

10000

0 5
SPAN. FT.

Fi6. 5

/0

the same manner as for the joists.
At or about the age of 28 days, the
specimens were tested as beams to
obtain the modulus of rupture and
the broken halves were then tested
between 3 in. by 3 in. steel plates to
obtain the crushing strength. Con-
trol specimens each 16 in. long with
a section of 4 in. by 4 in. were cast
in steel moulds and tested in a simi-
lar manner. The results of these
tests are show graphically in Figs.
6-a and 6-b.

Analysis of the results indica-
ted that, apart from the differences
between mixes, the most significant
influence on modulus of rupture

and xcrus‘hing.streng‘bh was a ipositional effect which may have been related
to the poosition of specimen with respect to the vibrators; specimens at
the ends of each beam mould gave low strengths. The coefficients of

variation for modulus
of rupture and for cru-
shing strength calcula-
ted from the mean
variances for the spe-
cimens in each beam
mould were 9.6 and 5.1
per cent respectively,
which show that the va-
riation in the strength
of the concrete within
each joist may have
been considerable and
would account for part
of the residual varian-
ces for cracking and
failing moments.

The mean values
for the modulus of rup-
ture for the control
specimens and for those
cast on the prestressing
bed were 781 and 767
lb. per sq. in. respecti-

FREQUENCY ! PER CENT

FREQUENCY ! PER CENT

L4 .
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401 . 4
30 1 4
4 1 4
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@)
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vely. The corresponding values for crushing strength were 6270 and
7400 1b. per sq. in. respectively. These results suggest that the mean
crushing strength of the concrete in the joists may have been higher
than that of the concrete cubes; as a result, however, of the variation
within the joist, this advantage was not reflected in the results for failing
moment, except for one or two results that cannot be explained in any
other way.

The variation in the quality of the steel in the sixty-five joists tested
was too small to be significant in the examination of variations of
cracking and failing moments. To obtain some information on the
effects of variations in the strength of the steel, a series of eight joists
of the type illustrated in Fig. 1-b were made in ipairs in a steel mould
by the «individual mould» system of pretensioning. For consolidation of
the concrete the mould was clamped to a vibrating table. The strength
of the concrete and the steel was deliberately varied. Transfer was
effected after 5 days and the joists were tested when they were about
28 days old. The mean results for each pair of joists are given in Table 5
with the strengths of the materials. The average difference between the
individual results in each pair was 0.6 per cent and the maximum
difference was 1.2 per cent.

TABLE 5

Effect of variations in the materials
on failing moment

Tensile strength Failing m%r)ne&t of joists;
of steel ; Crushing strength T

Ib. per sq. in.

Experimental Calculated

286,000 7,300 44,100 43,400
312,000 8,530 47,500 47,700
273,000 6,430 40,100 40,400
326,000 6,660 43,200 43,100

The regression equation for failing moment on tensile streng th of
the steel and cube strength of the concrete was as follows: —

M, = 0.037 t, + 2.76 C, + 12,500 (lb. in. units) (3)

This relationship gave a less significant correlation than was obtained
for expressions (1) and (2), the correlation being significant at between
the 1 and 2 per cent levels. The failing moments calculated from the
regression equation are also shown in Table 5. The residual variance
for failing moment of these joists was 1.70 x 10¢ (lb. in. units), which
was a very considerable reduction when compared with the residual
variances for failing moment in Table 4. It confirms that the use of
steel moulds leads to greater uniformity, and also suggests that consoli-
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dation of the concrete on the vibration table in the «individual mould»
system is superior to the use of fixed shutter-vibrators on the «long-line»
system as used in the production of the prestressed concrete joists.

If the failing moment (or the cracking moment) is expressed in
terms of the strengths of the materials as in expression (3) in the form: —

M,=X.t,+Y.C,+7%Z (4>

then the variance of failing moment can be expressed in terms of the
variances of the strengths of the materials and a residual variance: —
G T\/I =X.25

24 Y2is T4g (5)
t. r

u

8 . . . ere P
where, ¢ r is the residual variance of failing moment resulting from

variations in production technique. This analysis of variance could be
used to simplify the quality control of the manufacture of prestressed
concrete units, which is often checked by loading tests on individual units,
by indicating the relative importance of the different causes of variation
in the strength of the product. If the regression equation at (3) is used
to relate the variance in failing moment with the variances in the strengths
of the materials, the following relationship is obtained: —

afwn — 0.00140 ¢ ‘“;u+ 7.62 o—2Cu+ 1.70 < 10° (6)

The analysis given here is little more than an example of the 'method
as the different strengths of the materials were obtained artificially and
not as a result of sampling from production. It could be shown, however,
from (6) that variations in the strength of the steel had a smaller effect
on the variation of ultimate strength than wvariations in the strength
of the concrete for this method of manufacture. Under well controlled
conditions, the coefficient of variation for the steel is unlikely to exceed
3 per cent and the coefficient of variation for the concrete should not
be greater than 10 per cent; expression (6) then leads to the finding
that the coefficient of variation for failing moment should not exceed
5 per cent. If greater uniformity were required it could most easily be
obtained in this case by improving the control of concrete quality. This
method of analysis might also be applied to variations in cracking moment;
it was not done in this instance as the data are insufficient to give
significant results.

The effects of the age of the concrete at transfer

In the manufacture of the joists in the earlier iphases of the inves-
tigation, transfer of the prestress to the concrete was effected at between
4 and 6 days after casting, but no information was available to show
the effects of earlier or later imposition of the prestress. Several series
of joists of the type shown in Fig. 1-b were made in pairs in a steel
mould by the «individual moulds system and release of the wires was
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effected at different ages. All the joists were tested in the same manner
as before, 28 days after casting. The results for one of these series of
tests are shown in Fig. 7, where each result for cracking and failing
moments represents the mean for two joists. The tensile strength of the
steel used in these tests was 286,000 1b. per sq. in.

The age of the concrete at transfer did not have important influence
on the observed cracking moment, but this moment was slightly lower
when transfer was

effected at one day #0.000 12 l [0 g
3 \ FAILING MOMENT S x
than When it was effec- — <1 ~Yevse STRENGTH AT TEST 4 :
ted at greater ages. sap00 D S o e - 8000 §
The strength of con- E T 1 E\
x 9
crete after one day was 3 ,,, S it B s Lt — 6000 £}
between 3,000and 3,500 § N m ran. ~ £
. : "
1b. per sq. In., which § 20000 L A CUBE STRENGTH AT RELEASE w000 E 3,
was little more than [ = ¢ X
. . X
1'/, times themaximum  § s 000 §
L4 s 00! L.
precompression in the o cacH 2OINT 5
REPRESENTS THE ™
concrete. Once the cube nean rox rwo ] 3
strength was more than 05— 3 3 7 o =
twice the maximum AGE OF CONCRETE AT RELEASE! DAYS
precompression, the age Fic. 7

of the concrete at trans-

fer did not appear to

affect the cracking moment, and although greater creep losses would

have been expected for the earlier ages they were not excessive.
Within :the limits for the age of the concrete at transfer which were

examined in these tests, an increase in age at transfer caused a small

but distinct increase in the failing moment that was independent of the

cube strength of the concrete at the age of test.. All the joists in this

series failed finally by crushing of the concrete.

The effects of the age of unit at test

The results of tests on a series of joists of the type shown in Fig 1-b,
which were carried out after different periods of storage up to 3 months,
were reported by Masterman [1]. Since then further tests have been
made on joists from this same series’ after periods of 1 year and 5 years
of storage in the laboratory. The joists were tested in pairs on a clear
span of 12 ft. and were supported at each end on brick piers. Uniform
loading of dead weights was applied to the joists through a flexible
timber platform. The results of the full series of tests are illustrated
in Fig. 8.

A single joist from one of the batches included in the series of
sixty-five tests was tested at the age of five years under quarter-point
loading on a span of 12 ft. 41/, in. The result of this test is shown in
Fig. 2 in comparison with that for a similar joist tested at the age of 2
months.

The results show that the age of the joists has little effect on the
failing moment. The cracking moment, however, appears to increase
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with age during the first few weeks after stressing, and later decreases
after further ageing. The results are insufficient to be conclusive but
suggest that the overall loss of prestress for this type of unit may be
as much as 30 per cent when they are stored in an unloaded condition for
a long period.

Conclusions

The following conclusions were drawn in relation to the performance
of small prestressed concrete units with pretensioned steel as a result
of the investigation: —

a)

b)

c)

d)

)

Cracking and failing moments for the joists could be calculated
with reasonable accuracy on the basis of simple assumptions;

Variations in

the behaviour 60,000 . 5o

of the unitsm ay o N - -.nmwcﬂaﬁ:pr ‘
—

be much greater 0000 4= —— "1 ~—_ | _ -

tthan those ari- e

sing from va- 44000 i

fria'tgi'ons in the —4—— Fm < radrinG Momenr| 30

qualities of the

materials, un-

less mpanrticular

care is taken to

ensure their di- . 000 1‘0[2.:‘703750

. N S

mensional accu- )

ra . 1 hi 24Y. TMONTH 3NONINS 1 YEAR sveans 9

racy; tln t?lll's o .-M,/oa :frmwv RELEASE AND TEST

connection, the

use of steel F16. 8

moulds is desi-

rable;

,/' P e — =

by leanrras lereecrroy
Ar FATLURE -20

39000 7=

——aaw

MOMENT. LB.IN

20,000

roraL

CENTRAL OEFLECTION AT PAILURE

Variations in the cube strength could be related to the consequent
variations in the cracking and failing moments;

Analysis of the variations in failing moment arising from varia-
tions in the strengths of the materials offered a method of facili-
tating the control of the quality of the product;

The age of the concrete at transfer had little effect on subsequent
behaviour when the cube strength of the concrete at this stage
was greater than twice the maximum precompression in the
concrete;

The age of the unit at the time of test had little influence on the
failing moment, but after 5 years the cracking moment was
considerably reduced.
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SUMMARY

The paper gives some details of a laboratory investigation of the
properties of small prestressed concrete beams, which was based on an
examination of their behaviour under static loading. Several different
types of unit were tested to failure in routine checks of production on a
pilot plant scale. In some of the tests, measurements of the strain in the
concrete were made to obtain further information on the process of the
development of failure.

One type of unit was tested in suffiecient numbers for a study to be
made of the sources of variation in behaviour. Significant correlations
were established between the strength of the concrete and the bending
moment at which cracks appeared and between the strength of the concrete
and the bending moment at failure; from these, the effect of variations
in the strength of the concrete on the variations in performance was
obtained. Experimental examinations of other causes of variations were
made to determine the effect on subsequent behaviour of such factors as: —

I wvariations in the dimensions of the units;

II variations in the quality of the concrete arising from casting
techniques;

IIT variations in the quality of the prestressing steel;
IV the age of the concrete at the time of transfer;
V the age of the unit at the time of test.
These sources of variation are discussed in relation to the factory

production of prestressed concrete members generally, and a method of
examining the different sources of variation in suggested.



966 VIal. sS. C. C. BATE

ZUSAMMENFASSUNG

Die Arbeit enthélt einige Ausfiihrungen zu einer Laboratoriumsunter-
suchung iiber die Eigenschaften kleiner Balken aus vorgespanntem Beton.
Die Untersuchung bezog sich auf das Verhalten bei ruhender Belastung.
Verschiedenartige Balkentypen wurden unter laufender Registrierung des
Vorgangs bis zum Bruch beansprucht. Bei einzelnen Untersuchungen

Es wurden auch folgende Einfliisse untersucht, um die Verschieden-
wurden Spannungsmessungen am Beton vorgenommen, um weitere Auf-
schliisse iliber die Bruchbildung zu erhalten.

Von einem Prototyp wurde eine grossere Anzahl untersucht, um die
Ursachen fiir das verschiedenartige Verhalten ermitteln zu konnen. Es
war moglich, bedeutsame Beziehungen zwischen der Betonfestigkeit und
den Biegungsmomenten bei der Rissebildung und beim Bruch festzustellen;
daraus liessen sich die Auswirkungen aus der Aenderung der Betonfestig-
keit auf das Verhalten der Bauteile iibertragen.

Es wurden auch folgende Einfliisse untersucht, um die Verschieden-
artigkeit des Verhaltens zu erfassen:

I. Aenderung der dussern Abmessungen.

II. Verdnderung der Betonqualitdt im Zusammenhang mit der Beton-
herstellung.

II1. Aenderung der Qualitit des Vorspannstahls.

IV. Beriicksichtigung des Betonalters beim Aufbringen der Vorspan-
nung.

V. Beriicksichtigung des Alters der Betonbalken zur Zeit der
Untersuchung.

Diese Ursachen des unterschiedlichen Verhaltens werden im Zusam-
menhang mit der fabrikmaissigen Herstellung vorgespannter Betonteile
besprochen; ferner schldgt der Verfasser ein Verfahren vor, mit welchem
die verschiedenen Ursachen der Festigkeitsunterschiede gepriift werden
konnen.

RESUMO

O autor di alguns pormenores acerca de um estudo experimental
das propriedades de pequenas vigas de betdo preesforcado, baseado no
exame do seu comportamento sob cargas estaticas. Ensaiaram-se a rotura
varios tipos diferentes de vigas por ocasido de verificacées de rotina
periédicas de producdo de uma fabrica experimental. Em alguns casos
mediram-se as deformacoes do betio de modo a obter pormenores mais
completos acerca do modo de rotura.

Um dos tipos de viga foi ensaiado bastantes vezes para se poder
elaborar um estudo sobre as causas das diferencas de comportamento
que se constataram. Estabeleceram-se relacoes interessantes entre a
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resisténcia do betdo e o valor do momento flector correspondente a
fissuracdo por um lado, e entre a resisténcia do betdo e o momento flector
correspondente & rotura por outro; destas relacoes deduziu-se o efeito
das variacoes de resisténcia do betdo sobre as irregularidades do com-
portamento. Efectuou-se um estudo experimental sobre as outras causas
de variacio, de modo a determinar o efeito dos factores seguintes sobre

o comportamento das vigas:

I Variacoes das dimensoes das vigas;
II Variagoes de qualidade do betdo provenientes das diferentes téc-
nicas de betonagem;
IIT Variacoes de qualidade do ago das armaduras;
IV 1Idade do betdo quando da tensdo dos cabos;
V Idade da viga quando do ensaio.

O autor discute estas causas de irregularidade em relacao as condicoes
de producdo em oficina de vigas em betdo preesforcado e sugere um
método de estudo para as varias causas.

RESUME

L’auteur donne quelques détails sur une recherche expérimentale
concernant les propriétés de petites poutres en béton précontraint, fondée
sur une étude de leur comportement sous des charges satiques. Plusieurs
types différents de poutres ont été soumis a des essais de rupture lors
de vérifications de routine périodiques de la production d’une usine-pilote.
Au cours de certains de ces essais on a mesuré les déformations du béton
de maniére a étudier de plus prés le processus de rupture.

L’un des types de poutre a fait 1’object d’un nombre d’essais
suffisamment grand pour permettre d’étudier les causes de différences
de comportement que l'on avait observées. L’on a établi des relations
intéressantes entre la résistance du béton et le moment fléchissant corres-
pondant & la fissuration d’une part, et entre la résistance du béton et
le moment fléchissant correspondant & la rupture d’autre part; ces
relations ont permis de determiner ’effet des variations de résistance
du béton sur lirrégularité du comportement. Les autres causes d’irré-
gularité ont également été étudiées de maniére & déterminer Peffet des
facteurs suivants sur le comportement des poutres:

I Variations des dimensions de la poutre;
IT Variations de la qualité du béton dues & des techniques de béton-
nage différentes;
IIT Variations de qualité des aciers de l’armature;
IV L’age du béton lors de la mise en précontrainte;
'V L’age de la poutre lors de I’essai.

L’auteur discute les causes de variation par rapport aux conditions
de’ production en atelier de poutres en béton précontraint et propose une
méthode d’examen de ces différents causes.
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