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DISCUSSION PREPAREE / VORBEREITETE DISKUSSION / PREPARED DISCUSSION

Experimental Observations of Prestressed Structures with Reference
to Long-Term Deformations

Observations expérimentales des déformations de longue durée sur des
structures de béton précontraint

Beobachtungen an Spannbetonkonstruktionen in bezug auf Langzeit-
verformungen

LUCIANO LUCIANI
ing.
Polytechnic Institute
Turin, ltaly

I. FOREWORD

In calculating prestressed concrete structures in Italy
consideration is generally given to constant creep and shrinkage
values, which the standards indicate as a minimum. In any case,
these values are not related to the intrinsiec characteristics of
the concrete and structure nor to the environmental conditions
under which the structure will be operating. When the slow
deformations of the concrete considerably surpass the predicted
standard values, the damage to the structure's serviceability might
be of importance.

Here below are described two prestressed concrete structures
whose abnormal deflections produced by the permanent and service
loadings has made it necessary to undertake some experimental
tests. This study has revealed the predominant importance of the
slow deformation phenomena of the concrete in determining directly
and indirectly (through large losses of prestress) the abnormal
deflections under consideration.

It should be observed that this type of investigation, begun
some time after the completion of the structure, usually encounters
two kinds of difficulties, namely:

a) indirect measurements (deflections and rotations, pre-
existent stresses, cracking effects) or direct but overall ones
(strains due to different causes) must be performed, and they
greatly reduce the accuracy of the results obtaineds;

b) it is generally not allowed to rigorously separate the
phenomena investigated (e.g., the viscous phenomena from those of
shrinkage) nor to determine a "weight" to be assigned to the various
influencing parameters (nature of the material, curing age at
prestressing time, envirommental curing conditions, constructional
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defects, etc.).

In view of these objective difficulties, independent
experimental procedures have been developed in order to obtain,if
not accurate values of the shrinkage and creep coefficients, at
least possible value ranges.

2. BRADANO_VIADUCT (I)

The viaduct is a post tensioned concrete structure. The cross-
section is of the box type, with three webs containing the cables,
and the cantilevered girders are articulated at mid-span (fig. I).

The viaduct was built in I959 and four years later particularly
large deflections (8-1I0 cm) of the span center lines were observed.
This made it necessary to undertake an especially accurate check
program:

a) leveling measurements. This were made from time to time in
1959-I964 and went on systematically in I964-I968, permitting to
follow the lowering with time of the span center lines with respect
to the fixed sections. It should be noted that, because of the post-
tensioning and permanent loadings, a rise of the crown sections had
to occur at first, due to creep. This indeed happened the initial
period of the structure's life, thereby confirming the correct
degree of initial prestress. But thereafter, because of the slow
tension losses, the bending moments of the permanent loadings
prevailed and the crowns of the spans began to sink (fig. 2).
Besides the considerable size of the deflections, unusual is also
the speed of the sinking, which is not yet completed at IO years
after the completion of the structure (fig. 3).

b) Static and dynamic loading tests. These permitted to
establish the perfectly elastic behavior of the structure under the
working loads and the natural vibration frequency, which proved to
be very close to the calculated one. Indications were thus obtained
regarding the EyVvalue, shown to be about 350,000 Kgcﬁz, at 9 years.

Direct tests on five specimens extracted thereafter have
yielded Ep values rancing from 290,000 to 350,000 Kgcrﬁ2 (against
the predicted value of 400,000 Kgcmz). Ultimate load tests on the
same date furnished €ﬁ;sﬂuu Kgcx’ﬁ2 against the predicted 375 Kgcm2
at 28 days. :

c) Evaluation of the residual prestress ( sép), in a direct
way by testing the cable wires, and indirectly by tests on the
stress release in the concrete. The former tests, made by cutting
a steel wire, measuring its shortening and correlating it to
Young's modulus as determined in laboratory, yielded the following
average results (8 tests):

- at 4 years after completion of the structure G; =82,5 Kgecm

e L 5 " " " " " 1" s'aP=72 Kgcrﬁz

2

against the design cap of 90 Kgcrﬁ2

The indirect tests consisted in setting up U4 rosette-like
strain gage bases read by a removable deformeter (fig. 4) at the
intrados and extrados of the various fixed sections and then
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cutting into by core boring. The strains thus released have
permitted to pass by means of Young's modulus Ey and Peisson's ratio

measured on the extracted specimens to the pre-existent stress
values. Therefore, assuming a linear distribution of the stress, the
"experimental" stress diagrams were obtained, comparable with those
calculated for different values of the residual prestress (fig. u4).
It proved to be 6; =60+70 Kgmxﬁ2 at 9 years of the structure's 1life.
The total prestress loss has thus been 38-L48 Kgmﬁz, against the I8
Kgmm? predicted for an infinite period of time.

d) Shrinkage tests. These tests were conducted in a room with
constant temperature (20°C) and humidity (55%) on specimens prepared
of the same aggregates and at the same proportions adopted for the
prototype concrete.

Therefore, using the C.E.B. expression (2) for the shrinkage
evaluation:

£r=£<;.Kb.Kd.Kd.Kt

the value K, has been derived, and its application to the actual
structure yielded: _5
dr = 25+#30 . IO

The results of the tests clearly show the substantial agreement
between the high deflections values and the reduced residual
prestress.

A comparison of the prestress tension losses, performed to
bear out quantitatively these facts, leads to the following consi-
derations:

a) assuming as valid the design value of steel relaxation
(equal to 7% of the initial prestress) and taking into account the
initial Young's modulus Ep (obtained from the experimental one) the
creep factor, when supposing &, = 50.18%(°),is

P> 3,8

b) assuming as correct the design value of shrinkage and steel
relaxation (&€ = 25.I0"), the creep factor is:

&> 1,8

These undoubtedly unusual values of the slow concrete deforma-
tions are believed to be caused by a particularly unfavorable
concomitance of intrinsic and ecological factors, such as:

intrinsic factors: excess of fine material in the aggregates
and, therefore, a high percentage of cement paste; high value of
W/C; mineralogical and surface nature of the calcareous aggregates,
quarried in a zone of predominantly tufaceous rock (°°).

ecological factors: particularly high annual mean temperature;
frequent insolation throughout the year; on an average, low relative

(°) Due to exceptional climatic conditions.

(°°) Not many studies exist on the influence of the aggregates on
the phenomena under examination (known are those of Davis, U.S.A.,
and Kordina,Germany). However, it is believed that in some cases
this influence may not be negligible.
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humidity and low rainfalljhigh windiness.

3. PRESTRESSED CONCRETE FLOOR BEAM WITH POST-TENSIONED CABLES (I)

The beams, designed for an office floor, have a T like cross-
. section and a I4.3 m span (fig. 5).

The deflections, measured during the acceptance tests 3 months
after the tensioning, were found to be about twice the calculated
ones. This excessive deformability was clearly caused by a too
early cracking.

Assuming as cracking moment the expression

Mzwce' PER AR I (I)
f br
where
Wl = lower section modulus
E?El = stress at the intrados edge
crbr = tensile strength of the concrete

it was necessary, to explain the phenomenon, to assume a high loss
of prestress, even when supposing that parasitic microcracks (due
to the prevented shrinkage) had already at the beginning exhausted
the tensile strength of the material.

Having ascertained that these losses were in no way to be
attributed to steel relaxation, tests were carried out to find the
actual state of stress in the cables and, hence, the slow losses
that occured.

The following was, therefore, determined experimentally:

a) actual cracking moment, obtained by a distributed load
test;

b) state of stress in two sections of the concrete near the
supports (fig. 6) determined by means of the strains "released" by
core boring and Young's modulus E measured on the extracted
specimen (fig. 7).

The largest possible cable prestress was derived from the
experimental cracking moment, putting into equation (I) G}r =0
(pre-existent microcracking) whereas the lowest possible prestress
value was deduced from the stress measured in the tested sections
(in fact, a part of the prestress loss had to be attributed to the
permanent deformations produced by the previous loading test).

The residual prestress, determined by the above outlined
criteria, was 0,88-0,80 the design one for an infinite period of
time. This accounts for the excessive deformability of the beam and,
hence, its reduced serviceability.

A comparison between these prestress losses and those obtained
analytlcally (considering the experimental Ej value of 230,000
Kgcm2 against the predicted one of 391,000 Kgcm ) yields, with

€, = 25. 18° 1like the design one, a maximum 4&— 5.1. Instead,
assuming hypothetically &, = 50,1I0°, we get ¢éw= 3.1 against the
predicted 2.5. In this case it is believed that the phenomenon
should essentially be attributed to the intrinsic properties of the
material which had a particularly high strength ( &%, = 420 Kgcﬁz,
as an average of ten specimens at 2I0 days), associated with a low
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4. CONCLUSIONS

T I) The experimental analysis of
) A the phonomena under examination is
Cut_point particularly difficult when the study

- - is undertaken after the start of the
: l construction, which is very frequently

Boftom view A-A the case in the structures behaving
abnormally only after a certain period
of time. In these cases it might be

Measuring possible to indicate value ranges
bases believed to comprise the creep and
- Fig. 6 - shrinkage deformations, whereas it is

Test for evalueting practically impossible to determine

the pre-exdéstent quantitatively, but only to suppose the

concrete stress. "weight" to be attributed to the

various influencing factors.

2) Not infrequently the slow
deformation values are higher than the predicted standard ones,
causing severe consequences to the deformability of prestressed

concrete structures. It is, therefore, believed that in designing

prestressed concrete structure it is necessary to check the slow

deformability characteristics

E 133 -47 -45 &1 of the material, possibly by

conveniently extrapolated

short-term tests or by

+133 +128 evaluating parameters which

empirically may be
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! correlated to those
—2V460 1 664 characteristics. Moreover,
(kg emi®) ' X
particular care should be
+343 +330 taken in evaluating the
Fig. 7 - Polar diagrams of the influence of the ‘
strains and stresses environmental factors, like
released by core boring. humidity, temperature

insolation, windiness, etc.
Finally it is suggested
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that, inversely to the profundity of the quantitative analysis of
the phenomena examined, it is advisable in the design stage to use

adequate factors of safety.
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SUMMARY

The paper emphasizes the particular sensitivity of prestressed concrete structures
as regards greater-than-average rheological phenomena of concrete.

In this connection, the investigation carried out on two structures is described,
indicating its limits and results. The usefulness of an advance careful evaluation by
the designers of the slow deformation phenomena of concrete is thus brought out.

RESUME

On met en relief la sensibilité particuliére des structures en béton précontraint
au point de vue des phénomenes rhéologiques du béton de grandeur supérieure 3 la
moyenne.

On décrit A ce propos les recherches développées sur deux structures dont on
présente les limites et les résultats, justifiant ainsi 1'utilité pour l'ingénieur d'une
étude soignée des phénomeénes de déformations lentes.

ZUSAMMENFASSUNG

" Es wird die besondere Empfindlichkeit der Spannbetontragwerke gegeniiber unge-
wohnlichen rheologischen Erscheinungen des Betons hervorgehoben.

Zu diesemn Zwecke werden die an zwei Bauten vorgenommenen Untersuchungen
beschrieben, wobei Schwierigkeiten und Ergebnisse angegeben werden und somit die
Niitzlichkeit gezeigt wird, wihrend des Entwurfes eingehende Voruntersuchungen iiber
die langsamen Betonverformungen anzustellen.
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Measurements of Shrinkage and Creep Strains on Post tensioned Waffle Slab
Mesures du retrait et fluage dans une dalle en caissons précontraintes

Messungen der Schwind- und Kriechdehnungen einer nachgespannten Rippendecke

A.K. MILSTON
Consulting Engineer
Sydney, Australia

Introduction

In 1966 a post tensioned waffle slab was constructed for the
Council of the City of Sydney. During construction and since the
slab has been in service as a parking station, a detailed investi-
gation has been carried out into the behaviour of the structure,
and in particular a large series of measurements were made of

shrinkage and creep strains.

Description of Structure

The maximum overall dimensions of the suspended concrete deck
were 259'-0" x 191'-6" and as it was essential that large vehicles
have easy access underneath, it was decided to locate the columns
on a grid 58'=0" x 57'-4" with one span 62'-0" and with cantile-
vers 10'-0", 12'-0" and 13'-0".

The maximum live load used in the elastic analysis of the
suspended slab was taken as 60 lbs. per square foot, which was
equivalent to the whole area of the slab being completely covered
with the heaviest vehicles which were likely to use it. However,
under the most likely parking layout for this slab the uniformly
distributed live load will be about 25 lbs. per sgquare foot and it
was decided that a loading of 30 lbs. per square foot would be ta-
ken as the live load when making calculations for load balancing.
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For the ultimate analysis of the slab, the maximum possible load
was taken to be a live load of 100 lbs. per square foot which was
equivalent to 2000 people in each bay.

The suspended slab consists of a waffle slab of total depth
15" which includes a top flange 3" deep. The ribs of the waffle
slab are 6" wide and 12" deep at 2'-6" centres in both directions.
Over the inverted cone-type precast concrete capital there is a
bottom flange to the waffle slab which is also 3" thick. A plan of
the slab is shown in Fig.l.

259'-0"
12|0“ 62I0|l 57I4Il 57I4ll 57|4l| 12l0ll
=)
North l -
s Y
T 7 Brasvill Hranni i, . —
\ 197 A 7% s o 57 @L L
= . R . . [o°]
2 N T i VI Vs A SO Y| SRS Wl
o~ L L1 Ao S [l ol =
B : ! ! ' o
o
. n
- ] 72 SN I kY 7] L
2 L N S oy °©
- ) ~
—~ L A ™
i - AT fay fab
s t N i A +
% ! ! =
= 4 ! o
o ' P
= o~
o~ —~
—

FIG.1l PLAN OF DECK AND COLUMN GRID LAYOUT

The slab is post tensioned with four %" diameter stress re-
lieved strands in each rib and thus the tendons are equally spaced
<in both directions. The four %" diameter strands pass through oval
shaped galvanised steel ducts 2%" x 3/4"‘which were filled with
grout after the post tensioning. The amount of prestress in each
tendon is identical, but the distance of the centre of the tendon
from the neutral axis of the concrete section was varied from rib
to rib and throughout the length of the tendon in order that the
average prestressing force in the tendon would approximately balance
the dead load of the slab plus a live load of 30 lbs. per square
foot on the slab. In general, the strands were stressed from both
ends and were continuous throughout the full length and breadth of
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the slab.

Welded wire fabric was used to reinforce the upper flange of
the waffle slab and the lower flange where it occurs over the co-
lumns, and in addition, over each column in the top of the slab
"there are %" diameter cold worked deformed bars at 3" centres in
both directions. The only other reinforcement in the slab is steel
reinforcement stirrups in the ribs in areas surrounding the column
supports.

The column Capitals consist of precast cones which are sepa-
rated from the slab by teflon and neoprene bearing pads. These
cones are 16'-0" in diameter with a total depth of 4'-0" and the
cones together with the waffle slab are shown in Fig. 2. The columns
consist of 24" diameter reinforced concrete poured in precast con-
crete pipes 1-5/8" thick, and the columns are supported on pile

caps which rest on groups of piles to bedrock.

16'0" Diameter
| =L

a AP ww
' ] 5 TT“_ﬁB Precast Cover
O 7 S B RPN I 7 I 7|

6"x8" pad
made up of 5/8" 3
neoprene, 3/8" steel,N
2 layers of 1/32"
'Teflon' and 1/4" et
steel.

15 n

Neoprene

1-5/8" ' t 1-5/8"
FIG.2 SECTION THROUGH WAFFLE SLAB AND COLUMN CAPITAT,

Under dead load and a live load of 30 lbs. per square foot,
the average concrete compression stress was 765 lbs. per sqguare
inch except over the column heads where it was 530 lbs. per square
inch, in both cases after the assumed losses have taken place. The
elastic stresses under dead load with live load of 60 lbs. per
square foot comply with the provisions of the relevant Code, and
there is a load factor of two against flexural failure under dead
load plus a live load of 100 1lbs. per square foot. The principal
tensile stresses were checked under the combined action of prestress,
flexure and shear. With a load factor of 1.8 and a live load of
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60 lbs. per square foot, the maximum tensile stress at the critical
section for shear was 188 lbs. per square inch, acting at an angle
of 62 degrees to the neutral axis.

As no control joints were provided in the slab, construction
joints were made so as to divide the slab into 5 pours, each of
approximately 200 cu.yds. and a sixth pour was made of the access
bridge to the main slab. The same aggregate, brand of cement, wa-
ter cement ratio and mix proportion were used for each of the six
pours, but as shown later, it is believed that different batches
of cement which were ground to a varying degree of fineness resul-
ted in a variation of concrete strength and shrinkage between
different pours. The concrete was specified to have a compressive
strength of 4000 1lbs. p.s.i. in 28-day cylinders and it was speci-
fied that there should be a minimum increase in cylinder strength
after one year of 25%. The total shrinkage was specified as not
more than 500 x 10°° in laboratory shrinkage tests on standard
(A.S.T.M.) prisms. Curing consisted of an initial sprayed curing
compound followed by a continuously water sprayed hessian covering.
The curing continued until stressing commenced 25 days after pla-

cing of concrete.

Testing

The following tests were carried out -
(1) Laboratory tests on cylinders at 7 days, 14 days, 28 days,
100 days and 1 year.

(2) Laboratory shrinkage tests on 3"x3"x1l1l" prisms.

(3) Field shrinkage tests on 3"x3"x1ll" prisms.placed at top of
the slab.

{4) - Field measurements of strain in the prestressed slab, using

vibrating wire strain gauges.

(5) Measurement of actual contraction of the slab at its edges
from brass plugs embedded in the slab.

(6) Measurement of deflection of the slab from about 50 brass plugs
embedded in surface of the slab and measured by optical methods.

(7) Measurement of bending moments over column heads by strain gau-
ges attached to reinforcement in slab.
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(8) Measurement of strain, using a vibrating strain gauge in an
unstressed concrete waffle slab 5 ft. long x 3 ft. wide, which
has been placed on the main slab.

(9) Measurement of temperature within the body of the slab.

-

(10) Laboratory tests on the elastic modulus of concrete at various

ages.
Results of Compressive and Shrinkage Tests
Table 1. Compressive strengths in 12"x6" cylinders in p.s.i.
POUR A g e a t Tes t
NO. 7 Days 14 Days 28 Days 100 Days 12 Months
1 2886 3796 3755 4280 4140
2 3548 3836 4383 4166 5026
3 3482 4028 4572 5010 5770
4 3344 3902 4343 4910 5400
5 3240 3946 4128 4470 5470
6 3402 4044 4419 4804 5290

Table 1 shows the average compressive strengths from cylinders
at various ages. In the case of the cylinders taken at 28 days there
were 24 cylinders taken in each of the six pours. For pour No.l the
average was 3,755 p.s.i. with a standard deviation of 435 p.s.i. for
the 24 cylinders. For the average of the other five pours the mean
ﬁas 4,368 p.s.i. for 120 cylinders. It can be shown that the diffe-
rence of 613 p.s.i. between these two means is highly significant.
Similarly, the average for pour No.3 at 28 days was 4,572 p.s.i.
with a standard deviation of 241 p.s.i. for 24 cylinders. The diffe-
rence between this mean and the mean for the other five pours, 4,204
p.s.i., is also statistically highly significant. In both cases the
significance level is less than 0.2%., For this reason separate cur-
ves for development of compressive stfength were plotted for pours
1, 3 and the rémainder of the pours and these are shown in Fig.3.

Table 2 gives the results of 36 laboratory shrinkage specimens.
These were cured for 18 hours in a humidity room at a relative humi-
dity of 90% or above, and then immersed for 27 days in limewater.
The specimens were then stored in a drying room in accordance with
an A,S.T.M. Standardisation Procedure Cl57. From Table 2 can be seen
that the shrinkage of the sig specimens taken from pour No.l appears
to be rather less than the shrinkage of the specimens taken from the
other five pours. Using the Wilcoxon's Sum of Ranks Test, it was shown

Bg. 3 Schiussbericht
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Table 2 Laboratory Shrinkage Specimens Strain x 107

SPEC-

IMEN POUR 28 32 35 42 56 84 91{104|117|140|252|476
NO. NO. | Pays |Days|Days | Days|Days | Days | Days|Days|Days|Days |Doys |Days
97 1 17 | 187 | 257 | 313 | 440 | 524 4391452482462
99 1l -184 | -40 36 91 | 241 | 336 335{328(373{315

101 1 -107 96 | 164 | 187 | 290 | 425 4203924241325

103 1 -101 68 | 133 | 234 | 329 | 484 436(425|485}445

105 1 -67 79 | 167 | 240 | 363 | 488 4651449508469

107 1 -100Q 70 | 162 | 244 | 392 | 492 4701450}495/471

109 2 -108 | 103 | 123 [ 248 | 327 | 384 467 4401451472

111 | 2 =71 | 142 | 162 | 271 | 387 | 463 517 522(559|525

113 2 -82 | 174 | 187 | 295 | 413 | 485 528 5371618|567

115 2 -88 | 128 { 147 | 261 | 366 | 449 509 515|547 499

117 2 =115 97 | 126 | 237 | 326 | 422 457 4581517486

119 2 =73 1132 | 144 1221 | 346 | 421 444 43914931438

121 3 -68 | 135 | 173 {275 | 382 | 439 481 472|5241504

123 3 -133 54 | 106 | 221 | 354 | 409 470 45114981479

125 3 -80 | 104 | 148 (227 | 327 | 377 432 4241441411

127 3 -90 | 112 | 177 | 262 | 382 | 438 506 499|560|537

129 3 =104 | 109 | 149 | 284 | 366 | 416 487 47415271508

131 3 -89 | 116 | 171 | 271 | 388 | 439 501 49215441521

133 4 =96 | 130 | 169 | 241 | 376 | 428 481 4821509]549

135 - 4 =141 | 111 ) 150 | 232 | 370 | 420 480 5001546540

137 4 =107 | 112 | 147 | 226 | 353 | 403 452 4721507]495

139 4 -86 ; 138 | 182 | 254 | 386 | 430 481 495|551538

141 4 -122 90 | 140 | 201 | 333 | 371 398 4231451408

143 4 -79 |1 140 | 192 | 262 | 418 | 455 479 4851538]512

145 5 -91 | 142 | 184 | 273 | 370 | 412 429 4511454447

147 5 -85 | 111 | 159 | 250 | 377 | 446 479 4791489469

149 5 -83 | 139 | 179 | 295 | 419 | 503 539 5561581{587

151 5 ~60 | 158 | 200 | 300 | 414 | 489 528 518|556 |560

153 5 -104 | 118 | 149 | 271 | 415 | 483 498 4881551|529

155 5 -149 69 | 102 | 208 | 321 { 391 425 426]14501436

157 6 -136 27 [ 107 [ 220 ) 344 | 409 | 424 4841563512

159 6 =67 | 121 | 192 | 315 | 438 | 492 | 517 584648589

161 6 -75 92 | 162 | 279 | 429 | 475 | 500 559(6281570

163 6 -106 47 | 115 | 232 | 353 | 408 | 433 476(57214%1

165 6 -214 | =17 63 | 190 | 325 | 364 | 386 429505475

167 6 -135 48 | 114 | 233 | 378 | 428 | 443 4741535]464

that the difference was highly significant. Therefore the results

of the laboratory shrinkage for pour No.l are shown separate from

pours 2 to 6 in Fig.d4.

It can be seen from a comparison of figures 3 and 4 that the

concrete with the lower compressive strength had lower shrinkage.

The average compressive strength of pour 1 at 12 months was 16%

less than the other pours while at the same age the shrinkage from

pour 1 specimens was about 14% less than the others.

Table 3 shows the results of the 36 sets of field shrinkage

prisms. These were cured for 18 hours in a humidity room and then

taken onto the site and given the same curing and treatment as the
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It is noticable that the strain for the field shrin-

kage specimens at 42 days was about one half the strain of the la-

boratory shrinkage specimens but at 252 days the field shrinkage is

less than one third of the
riation in field shrinkage
parking deck. Further, the

and seasonal variations in

Table 3 Field Shrinkage Specimens

Strain x 10

temperature and humidity.

field shrinkage was affected by daily

laboratory shrinkage. Also there is va-
with the position of the specimen on the

SPEC-
IMEN POUR
NO. | 28 35 42 56 70 841105(140}1751252|336|420|504
NO. Days |Days |Dayvs |Days |Days |Dave |Days|Days|Days |Davys|Days|Dayse |Days
98 1 42 | 195 | -34 63 | 140 | 194(188(110}1051138{2471130]136
100 1 8% | 190 -6 82 68 | 115(101| 60| 63| 81|179| 55| 48
102 1 89 | 148 -9 61 | 118 | 151|141 93| 89]102}{213]|108{103
104 1 74 | 153 | ~23 42 | 125 |1 1741190|158}11351145|230(127| 86
106 1 6 | 126 | —-80 -5 41 9g|125| 93| €8|102]195]| 57| 65
108 1 921 170 | -34 69 | 126 | 189|1971139114111451229]131; 94
110 2 140 | -18 88 | 219 71 ] 166|285 30{200]105{120|262|188
112 2 101 | =52 40 | 188 27 | 120(224]-10{130| 66| 88|206}149
114 2 111 ] -40 71| 199 40 | 146|262 61199 89|107(246|202
1le 2 169 | =16 | 109 | 237 86 | 158|274 8(1811106{103|218 (179
118 2 179 12 | 126 | 240 931 200|325} 63]261|177]183|3221291
120 2 99 | -48 731182 | 102 | 141]223 411841114}1114(2231192
122 3 110 { =15 | 124 | 201 79 1 1521265 2012071165|163}265}179
124 3 164 30| 172 | 206 87 | 236|262 | 29|178}153|152|287}(174
126 3 85 | -32 98 | 153 43 |1 108|226 -7|1170]124| 97229114
128 3 64 | =21 | 131 | 195 69 | 179284 38|(219|162)146}287}180
130 3 72 -8 1] 134 | 193 70 1 1711255 21|184]163{139({285}148
132 3 60 | =10 | 130 | 187 31 ] 117}12511-301116] 79} 66{219{101
134 4 1191 97 1115 | 198 | 146(238|116|186|178;216]|151|309
136 4 27 92| 108 | 124 | 176 | 124[207|119;17911711177[112|301
138 4 21 90 | 108 | 119 | 186 | 141j231|121|1821139}156]100|281
140 4 38 | 121 | 140 { 173 | 221 | 164[203|158(220[205{213}|141|324
142 4 =30 75 87 | 117 | 175 | 125|201 95.161 113)115] 65230
144 4 ~10 71 85 | 119 | 199 | 1371209]1061186|169{190(136]301
146 5 -22 | 148 | 258 | 115 | 205 § 140;100127}224}156}172{135 296
148 5 -28 | 121 | 225 91 | 184 | 124 84"l974158 141152121256
150 5 -24 1131 | 228 { 116 | 187 | 135 1153128 14811271148 981265
152 5 -3 |150 | 214 | 116 | 202 } 141+110(122])190|178|188|154|305
154 5 71161 | 247 | 149 | 223 | '176|/136}141|186|150]170]|119 (260
156 5 -14 |1 108 | 183 76 | 152 68| 32(118}150/120]120] 50219
158 6 93 | 190 | 156 62 | 165 | 383| 89|156| 63|184(202j182| 73
160 6 161} 214 | 230 | 101 | 229 | 3911133|159}] 9112791148227 (130
l62 6 101 | 183 | 168 69 | 174 | 372|118|119] 68)189(189|168}| 70
164 6 101 | 175 | 181 54 | 164 | 334| 80119} 62}202|182|181{ 95
166 6 91 202 | 179 67 | 135 | 369 79| 79 611291113{100| -6
168 6 131 ] 218 | 176 8l 1189 | 380]2111]133} 81[201[191(177}108

Negative strains denote expansion of the specimens.
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FIG.4 LABORATORY SHRINKAGE

Results from Vibrating Strain Gauges

The vibrating strain gauges were set into blocks of concrete

approximately 3"x3"x5" on the day before the slab was poured and
the block was then supported within the legs of large bar chairs

which also supported the tendon ducts. Of the 44 gauges used, all
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except 3 gave results which could be compared with the strains mea-
sured from the shortening of the slab. Naturally, there was consi-
derable unexplained variation between one gauge and another and it
was apparent that to obtain reasonable results, a considerable num-
ber of gauges must be used.

In general, the concrete showed an initial expansion which
occurred for at least one week after the pouring of the concrete.
The expansion varied between 50 x 10® and 170 x 10°® and at the
time of stressing the concrete was still in an expanded condition.
The post tensioning caused an average contraction of 140 x 10 and
a further contraction due to creep and shrinkage of 190 x 10" occu-
rred in the 3 months after prestressing. In the following 21 months
an additional contraction of 150 x 10¢ took place, On a gauged line
of 259 ft. the total measured contraction 2 years after the initial
post tensioning of the concrete was 1l%" which corresponds to a strain
of 480 x 10°® ., Fig. 5 shows the average strain using results both
from vibrating strain gauges and measurements from brass plugs em-
bedded in the slab.
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FIG.5 MEASURED STRAINS ALONG GRID LINE B

The gauge in the block which was not stressed, showed an ex-
pansion strain of 40 x 10® 21 days after pouring of the concrete.
Contraction due to shrinkage then occurred so that 23 months later
the measured strain was 170 x 10® . The result obtained by the vi-

brating wire strain gauge on the unstressed block was in agreement

with the results on the field shrinkage prisms.
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SUMMARY

Results are presented of laboratory and field measurements of strains due to
prestressing, creep and shrinkage in a post tensioned waffle slab. Prior to prestressing
the concrete showed an initial expansion of about 100 x 107°. In the unstressed
specimens the expansion turped to shrinkage after about 21 days with a contraction
after 23 months of 170 x 107°, Measurements of the stressed slab showed a total
shrinkage plus creep contraction of 340 x 106, Measurements of shrinkage in the
laboratory gave results more than twice those in the field.

RESUME

On présente des résultats de mesures effectuées en laboratoire et au chantier des
dilatations provoquées par la précontrainte, le fluage et le retrait d'une dalle en
caissons. Avant la précontrainte, le béton indiquait un allongement d'environ 100 x 1076,
Pour le spécimen non-précontraint, 1*allongement est devenu une contraction apreés
environ 21 jours avec une contraction apras 23 mois de 170 x 10*0, Les mesures de la
dalle précontrainte ont indiqué un retrait plus fluage total de 340 x 10-6. I,es mesures
du retrait en laboratoire ont donné des résultats deux fois plus grand que celles sur
1'ouvrage en place.

ZUSAMMENFASSUNG

Es werden die Ergebnisse von Dehnungsmessungen in Labor und Feld mitgeteilt,
die sich aus Vorspannung, Kriechen und Schwinden in einer nachgespannten Rippendecke
ergaben. Vor der Nachspannung wies der Beton eine Quellung von ungefihr 100 x 10~
auf, In den unbelasteten Probestiicken verwandelte sich das Quellen nach etwa 21 Tagen
in Schwinden mit einem Schwund von rund 170 x 106 nach 23 Monaten. Messungen an
der belasteten Decke zeigten einen totalen Schwund samt Kriechen von 340 x 109,
Schwindmessungen im Labor ergaben doppelt so hohe Werte wie jene im Feld.



Ergebnis von Dehnungs- und Temperaturmessungen in der Stauwand
des Krafthauses eines Pumpspeicherwerks

Strain and Temperature Measurements on the Dam Wall of a Powerhouse
of a Pump Storage Station

Résultats des mesures de dilatation et de température dans te mur de
retenue d'une usine hydro-électrique par pompage

HANS-GERD MEYER
Dr. Ing.
Deutschland

1. Allgemeines

Das Krafthaus am unteren Becken des Pumpspeicherwerkes ist
im Querschnitt als geschlossener Stahlbetonrahmen ausgebildet.
Eine vertikale Seite des Rahmens ist die etwa 116 m lange, etwa
20 m hohe und etwa 2,50 m dicke Stahlbetonstauwand. (s. Bild 1)

T
e - N
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' -
12,8, 1502
57
4 ]
Querschnilt durch das Krafthaus Ausschoit A
. 2
Mﬂmw 2 i Lo

Bild 1:

In Lingsrichtung war das Krafthasus in 4 Blocks - entsprechend
den 4 Genmeratoren bzw. Pumpensitzen - durch Dehnungsfugen unter-
teilt. Alle Baumafnahmen erfolgten blockweise.
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Un auf der Unterwasserseite der Stauwand zur Sicherung ge-
gen Risse auf alle Félle einen Druckspannungszustand zu erreichen,
wurde die Stauwand in HShe der Krafthausdecke - nach Fertigstel-
lung des Krafthauses bevor das Unterbecken mit Wasser gefiillt wur-
de -~ in Richtung Unterwasser vorgepreBt. Das Vorpressen erfolgte
mit 6lhydraulichen Pressen, die in einem dafiir vorgesehenen Pres-
senspalt zwischen Stauwand und der auf einer Auskragung der Stau-
wand aufliegenden Kraftheausdecke angesetzt wurden.

Zur Kontrolle der beim Vorpressen in der Bewehrung der Stau-
wand auftretenden Spannungen, aber such, um einen Gesamtiiberblick
iber die Spannungen der Stauwand zu erhalten, sollten die Dehnun-
gen in der Hauptbewehrung der Stauwand gemessen werden. Die Messun-
gen wurden vom Institut fiir Materialpriifung und Forschung des Bau-
wesens der Technischen Universitidt Hannover vom Verfasser durch-
gefiihrt.

2. Durchfiihrung der Messungen

Fir die Dehnungsmessungen wurde vom Priifinstitut ein auf Deh
nungsmeBstreifenbasis arbeitender temperaturkompensierter Dehnungs-
geber entwickelt, der spannschloBartig in die Bewehrung (¢ 22 mm,
St IIT a) eingeschraubt werden konnte. Die Temperaturmessung er-
folgte mit gesondert hergestellten elektrischen Widerstandsther-
mometern. Die MeBinstrumente wurden widhrend der normalen Betonier-
arbeiten an der Stauwand mit einbetoniert. Die MeBstellen wurden
sowohl auf der Unterwasserseite, als auch auf der Oberwasserseite
Jjeweils in 2 verschiedenen HOhenlagen angeordnet. Insgesamt waren
- verteilt auf die 4 Blocks des Krafthauses - 56 MeBstellen vor-
handen. Eine Ubersicht {iber die Lage der MeBstellen geben Bild 1
und Bild 2.

Dannungstuge Denvungetge Owungetoge Dutruargsiuge Datnungaigs
f 55 N - - - ; - S
;5 e e ne o rh i y, "Ih— y, S | Fa n ¥, 4 '\—t‘\.:a:

] 1
] | 1
1
Biock I¥ | Block o1 ] ook Il Btock 1 |

® Hihe NN+S15m
o Hohe NN-R220m

Bilg 2: Obersichtsskizze zur Lage der Mefwertgeber im Grundrif)

Alle MeBstellen wurden in unregelm#éBigen Abstidnden, je nach
Baufortschritt, einzeln durchgemeéssen. Als Null-Messung wurde die
Messung unmittelbar vor dem Betonieren genommen. Die Messungen
wurden dann {iber einen Zeitraum von etwa 3 Jahren weitergefiihrt.
Die MeBgerdte sind z. Zt. noch voll einsatzféhig, so daB jeder-
zeit weitere Messungen vorgenommen werden kdnnten, die zweifel-
los interessant waren.

3. Auswertung der Messungen

3.1. Dehrungsverlauf
. Wie nicht anders zu erwarten, ergaben die Einzelmessungen
auch an den an und fiir sich korrespondierenden MeBstellen teil-



41

HANS-GERD MEYER

——

X
SO e [yuniBy] puvassanbpawur 0 Bunuundsiys  [aBy Janesenbiei ut 40 Sunwundsiors

3 ERBRER

| ) H 06 1
i
S A\ - N \\/ *_. gl
T o~ TR
DWSSEoH 0 T ) = < 07~
D ~_ | \u // i e l‘tu»\ ey V 5]
ST L . .5 - I~ — s f ) M 0
// s i\“.\\...“r —T = v // 1 .
= pr e = '~ —
wioz K99 UL »u? .11 w.u...-ﬂi.aem ” ”wye - WEE ” 2184 ﬂﬁ-ﬂl N Nauewin.
ﬁ.s R — [Py e— o] os5-
-8t ox- 005 -
_ 05y
| ooz
_ m / o0y
NN'D WOZ'ZseeH B /.// g F \ { = =~ é«.a ”H
woesssomun) oog | /u_w// "l | } VT 4 // P i E.m osz-
vabunuuodspols N \M /// .//\\\\\uﬂ| . y o~ tooe-
Eagactcﬂﬁh . | — -, R Lﬂ - // . - i 08 = | oo
R JrOLIN PP " \ S
*J/ﬁ/l =L Km@ M\\ ™. R ? > \,.A\/ J_? ) M...
/LF/ — ||\||\|‘\|\NWN.U z /7 g\\ & _.
q€ PN8g ~ (\lﬂ\\\\ \ 0 0
w f o
F i o
L - -y
el M~ R R AN A
[y i oy |- &
NN T UISSEE +=H 1q .jf%&\/ﬂl// l\.\hn\\n\\nm'\. '.JHN\LVL,IIJ\\ .V/ dr - w.
| — — :
d u .5“.:&:3 ‘
o e

NN'DWOr'76+sH (o

(931052055 BAIQQ) [ 4301

wbunuupdspols
pun uabunuyIpIYOIS
RP [nDIRA NYNNRT

be PLE

—> [y0100] yrpssnbge wi *D Bunvupdsiyorg  — {JySH] MiNDSANOGIR i 9

SR EB3REBIRERE B




42 | — DEHNUNGS- UND TEMPERATURMESSUNGEN IN DER STAUWAND EINES KRAFTHAUSES

weise erhebliche Unterschiede, die eine Auswertung der MeBergeb-
nisse im einzelnen kaum zulieBen. (s. Bild 3 a und 3 b)

Um die hsuptsédchlichen Tendenzen des Spannungszustandes aber
trotzdem erkennen zu konnen, wurden die Dehnungen und Tempera-
turen der auf gleicher Hohe liegenden MeBgeber, getrennt nach
Ober- und Unterwasserseite, jeweils fiir einen Bauwerksblock ge-
mittelt. Ein solcher gemittelter Verlauf der Dehnungen und Tem-
peraturen wurde in Abh8ngigkeit von der Zeit fiir einen Bauwerks-
bleock in Bild 4 dargestellt. Es sollte versucht werden, aus die-
sem Dehnungsverlauf den EinfluB bestimmter Bau- oder Belastungs-
zustdnde auf den Gesambdehnungsverlauf zu eleminieren. Diese Aus-
wertung wurde erschwert, weil die einfluBnehmenden Faktoren wie
Eigengewicht, Vorpressen, Schwinden, Kriechen und Temperaturin-
derungen und auch der Wasserdruck gr&ﬂtente%ls gleickhzeitig auf-
traten. Die datans herrihrenden Debnfingen sind somit iberlagert.
Die quantitative Abschiétzung des Einflusses der einzelnen Bean-
spruchungsarten wurde aber durch zeitlich begrenzte Messungen bei
definierten Beanspruchungszustédnden, so z.B. bei leerem Becken
und gréfSeren Temperaturunterschieden oder bei konstanter Tempera-
tur und Betriebsschwankungen des Wasserspiegels trotzdem ermog-
licht.

Die Beanspruchung der Stauwand wurde als Dehnung der Beweh-
rung gemessen. Da nach den MeBergebnissen die Stauwand in unge-
rissenem Zustand (Zustand I) verblieb, kann die Stahldehnung auch
gleich der Betondehnung gesetzt werden. Fir iiberschlagliche Span-
mangsermittlungen wurde der E-Modul des Stauwandbetons an geson- .
dert hergestellten Probektrpern im Mittel zu E, = 2,1 x 10’kp/cm
ermittelt, der E-Modul des Betonstahls kann zu E = 2,1 x 10°kp/cm
angenommen werden. R
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Der geringe fiir diesen Beitrag zur Verfiigung stehende Plat:z
reicht nicht aus, um auf alle interessanten Einzelheiten der MeB~
ergebnisse einzugehen. Im Rahmen des Themas dieses Symposiums soll
daher hier nur der GroBenanteil der Beanspruchung der Steuwand in-
folge Temperaturanderung den anderen mafgebenden Beanspruchungen
wie Eigengewicht, Vorpressen, Wasserdruckbelastung insgesamt und
Einflufl der Spiegelschwankungen wdhrend des Betriebes gegeniiber
gestellt werden. Vorweg sei noch gesagt, daB der EinfluB des
Schwindens und Kriechens nicht exakt eleminiert werden konnte.

3.2. Dehnungen infolge Eigengewicht und Vorpressen der Stau-
wand.

Als erster definierter Belastungszustand kann der Zustand der
Stauwand vor dem Vorpressen angesehen werden. Obwohl der Zustand
bei den einzelnen Blocks zu verschiedenen Zeitpunkten und verschie-
denen AuBentemperaturen (aber Innentemperatur = AuBentemperatur)
auftrat, so sind doch die Dehnungen zu diesem Belastungszeitpunkt
erstaunlich gleich. (s. Tabelle 1) Der Belastungszustand sei hier
kurz"Eigengewicht" genannt, obwohl Schwindeinfliisse usw. auch da-
rin enthalten sein kénnen.

Tebelle 1: Zusammenstellung der Dehnungen vor und nach dem

Vorpresssn
Belastungszustand | Stahl-Dehnungen (10-¢)
NN + 93.50 m RN + 2,20 n
Uberwasser | Unterwasgss]Oberwagss} Unterwass.
Vor dem Vorpressen
Block I - 115 o) - 119 0
" II - 108 -7 - 138 + 6
n ITI - 77 + 8 - 107 + 16
" Iv - 85 +15 - 145 + 37
T. Mittel -_02 + O - 127 1+ 15
Nach dem Vorpres-
sen
im Mittel - 50 -30 - 77 - 41

Vor dem Vorpressen waren demnach auf der Unterwasserseite ge-
ringe Zugspannungen in der Bewehrung, wdhrend auf der Oberwasser-
seite Druckspannungen herrschten. Die beim Vorpressen der Wand ge-
messenen mittleren Dehnungen sind in Abhdngigkeit von der Vorpref-

T
g T ]
§.... | e W33
- 7
E Oberwasserseite
20
! et
- = ] o ﬁ
Bild 5: - TR e
8
—40 .
N
-8

Dehnungen in Abhdngigkeit von der Yorprell-
kraft { bezogen auf den Beginn des Vorpressens)
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~kraft in Bild 5 aufgetragen. Die Dehnungen wurden dabei auf
den Zeitpunkt vor dem Vorpressen (VorpreBkraft = o) bezogen. Der
nichtlineare Zusammenhang zwischen Dehnung und VorpreBkraft muSB
auf Reibungsverluste der VorpreBkraft zuriickgefiihrt werden. Die
Vorpressung ergab auf der Unterwasserseite eine Stsuchung (Druck-
spannung), auf der Oberwasserseite eine Dehnung. Damit wurde - wie
geplant -~ auf der Unterwasserseite die Zugspannung aus Eigenge-
wicht usw. iiberdriickt (s. Tabelle 1)

Durch das Vorpressen der Wand wird ein Biegespannungszu-
stand erzeugt mit Dehnungen von etwa + 40 x 10°° an der MeBstelle
NN + 93,55 m bzw. etwa + 60 x 10 ‘an der MeBstelle NN + 92,20 m;
d.h. der Gesamtdehnungsunterschied allein in Folge des Vorpres-
sens ist4€ = 76 x 10°“bei MeBstelle 93,55 m und 138 x 10*bei
MeBstelle 92,20 m. Das Vorpressen ergsb demnach Dehnungsunter-
schiede in gleicher GroBe wie die sonstigen Dehnungen sus"Eigen-
gewicht usw."”

3.3. Dehnungen infolge von Temperaturunterschieden.

Bei Betrachtung der Mittelwertkurven fiir die Dehnungen fallen
erhebliche Verdnderungen der Dehnungen auf, obwohl sich in bestimm-
ten Zeitrdumen die #duBlere Belastung nicht geadndert hat und ein Ein-
fluB von Schwinden und Kriechen wegen der Kiirze der Zeitintervalle
(z.B. 15. und 16.7.1964) nicht in Betracht kommt. Bei der weiteren
Auswertung konnten diese Dehnungsénderungen auf Temperastureinwir-
kung zuriickgefiihrt werden.

[
% AE (1079
A |
y “0 —
\
“ Mefistelleniage:
LT 40 SA55m i NN
% $———t 9220m G.NN
o
=
S 20
LY
\
ANAN

—i Oé 6 of o8 +0
Atetyt [T

N

Dehnungsdifferenz zwischen Ober-und
Unterwasserseite in Abhdngigkeit von
der Temperaturdifferenz

( Parameter: Fillhéhe des Unterbeckens)

Bild 6:
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Die absoluten Temperaturen zeigen dabei keinen signifikanten
EinfluB auf die Dehnungsdnderung, wohl aber der Betrag des Tempe-
raturunterschiedes 4 ¢t = t, -~ t,zwischen Ober- und Unterwasser-
seite. In Bild 6 sind die Dehnungsdifferenzen zwischen Ober- und
Unterwasserseite (4¢ =€, - €, ) fir verschiedene MeBzeitpunkte
zwischen 1964 und 1966 in Abhangigkeit vom Temperaturunterschied
aufgetragen worden. Als Parameter geht in die Darstellung die
Fillhohe des Unterbeckens ein, da die Messungen sowohl bei leerem
als auch bei unterschiedlich gefiilltem Unterbecken durchgefiihrt
wurden. Die Verbindung der Punkte mit gleichem Parameter (Fiillh&he)
ergibt fiilr jede MeBhohe eine Schar von Geraden mit gleicher Stei-
gung; die Geraden fiir die zweil MeBhohen unterscheéfden sich ledig-
lich durch einen konstanten additiven Wert, der den Ausgangszu-
stand der Wand ohne'Temperaturbeanspruchung'dsarstellt.

Bemerkenswert ist die GroBenordnung der Dehnungsunterschiede.
Zwischen einer Messung im Sommer, bei der die Temperatur unter Vor-
aussetzung eines gefiillten Beckens an Ober- und Unterwasserseite
etwa gleich ist (4t = 0) und einer Messung im Winter (4t = 10°)
kann ein Dehnungsunterschied von A £ = 80 x 10°%auftreten. Dieser
Dehnungsunterschied ist genauso grof wie der durch das Vorpressen
der Wand erreichte.

Die mittlere Steigung der Geraden in Bild 6 betrédgt etwa
o« = 10 x 107%/grd C Temperaturunterschied, sie ist von gleicher
GroBe wie die Warmeausdehnungszahl von Beton (.= 10 x 10 ~¢ /grd)
der aus Temperaturunterschieden zu erwartende Beton- bzw. Stahl-
spannungsunterschied der Stesuwand kann demnach auf Grund der MeB-
ergebnisse genligend genau nach dem Ansatz 46 =«.x E x 4t Vorausbe-
rechnet werden. (Es sei hier ausdriicklich hervorgehoben, daB es
sich hier um spannungserzeugende Dehnungsunterschiede handelt, da
die spannungslose Temperaturverformung durch die Konstruktion der
MeBgeber eleminiert wurden).

3.4. Debnung infolge der Stauhthe des Unterbeckens.

Als eine wichtige EinfluBgroBe auf die Beanspruchung der
Stauwand mufl die Stauhthe des Wassers im Unterbecken angesehen wer-
den. Der EinfluBl der gesamten Stauhthe, d.h. von der Fillung des
Vorbodens des Beckens an, 148t sich aus den MeBwerten Bild 4 nicht
direkt auswerten, da in ihnen gleichzeitig der Parameter "Tempe-
raturunterschied" (vgl. Abschn. 3.3) enthalten ist. Aus Bild 6
kann jedoch der EinfluB der Stauhche ermittelt werden, wenn die
Geradenscharen auf dem Wert at = O extrapoliert werden. Die auf der
Ordinate fiir A¢f = O abgelesenen Werte stellen die von der Tempera-
turdifferenz unabhéngigen Dehnungsunterschiede (einschl. etwaiger
Schwind- und Kriechdehnungen) dar; sie sind in Bild 7 dargestellt.
Alsagggugigeitpunkt wurde der Zeitpunkit der Flillung des Vorbodens
gew "

) Infolge eines ungensuen Protokolls konnte die genaue Fiill-
hohe des Vorbodens nicht ermittelt werden, sie diirfte aber zwischen
NN + 85 m (Vorboden leer) und NN + 90 m gelegen haben.
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Bild 7:

Bild 8:
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Der maximale Dehnungsunterschied von 60 bzw. 80 x 10 ¢in-
folge der Fillung des Staubeckens ist nach dieser Auswertung
gleich oder kleiner als der ¢.a. Dehnungsunterschied infolge
Temperaturunterschied von 10 °C.

Die in Bild 7 dargestellten Dehnungsunterschiede treten
nur bei dem erstmaligen und einmaligen Fillen des Unterbeckens
von NN + 85 m auf etwa NN + 104 m auf. Die téglichen Stauhdhen-
schwankungen infolge des Betriebs des Pumpspeicherwerks betragen
dagegen nur maximel etwa 6 m. Der EinfluB dieser Stauhdhenénde-
rung (Betriebsschwankung) wurde bei einer durchlaufenden Messung
iiber 24iStunden festgestellt, deren Ergebnis in Bild 8 darge-
stellt ist.

Da der Temperaturunterschied wédhrend der Messung konstant
blieb, kénnen die Messungen direkt der Wasserspiegelschwankung
zugeordnet werden. Bei einer vorhandenen Spiegelschwankung von
4,6 m ergaben sich maximale Anderungen des Dehnungsunterschiedes
zwischen Ober- und Unterwasser von 4€ = 18 x 10-¢ bzw. 9 x 10°¢,
Je nach MeBhShe. Bei maximal geplanter Spiegelschwankung von
6,3 m sind dann Dehnungsunterschiede von 4¢ = 25 x 10-¢ bzw. 12
x 10 - ¢ zu erwarten. Gegeniliber den infolge des Temperaturunter-
schiedes entstandenen Dehnungsunterschieden sind die infolge des
Betriebs des Pumpspeicherwerks entstehenden Dehnungsunterschiede
demnach um mehr als 2/3 kleiner.

ZUSAMMENFASSUNG

Im vorstehenden wurde versucht, aus an einer Stauwand iber einen ldngeren
Zeitraum durchgefiihrten Dehnungsmessungen die auf den Dehnungszustand einfluss-
nehmenden einzelnen Beanspruchungszustinde ihrer Grosse nach zu ermitteln. In
Bezug auf die Themenstellung dieses Symposiums ergab sich, dass der Temperatur-
unterschied zwischen Ober- und Unterwasserseite der Stauwand gleiche oder grossere
Dehnungsunterschiede (Spannungsunterschiede) hervorrief als die Beanspruchungszu-
stinde Eigengewicht, Vorpressen der Stauwand und Wasserdruck.

SUMMARY

Strain and temperature measurements were carried ent over a considerable period
of time on a dam wall. The results were used to determine the relative importance of
the various factors affecting the state of strain.

Temperature differences between the upstream and downstream sides of the wall
were found to produce differences in strain and stress which were as great as, and
sometimes greater than those produced by hydrostatic pressure and the thrust forces.



48 | — DEHNUNGS- UND TEMPERATURMESSUNGEN IN DER STAUWAND EINES KRAFTHAUSES

RESUME

Dans ce qui précéde, on a cherché 1'ordre de grandedr de chaque cas de
sollicitation, influant sur 1'état de dilatation, A partir de mesures de dilatation faites
sur un mur de retenue pendant une assez longue période.

En ce qui concerne le théme de ce symposium, on a trouvé que la différence de
température entre les c6tés amont et aval du mur suscitait des différences de
dilatation (de contraintes) égales ou supérieures a celles dues au poids propre, i la
précontrainte du mur et 4 la pression de 1'eau.



Measurements of Creep, Shrinkage and Temperature Changes in Prestressed
Concrete Bridges

Mesures du fluage, du retrait et de la température dans des ponts en béton
précontraint

Kriech-, Schwind- und Temperaturmessungen an Spannbetonbriicken

TIBOR JAVOR
Doc.ing.
Czechoslovakia

(Observations made over a period of several years at the Research Insti-
tute of Civil Engineering in Bratislava /Czechoslovakia/ by akustical reso-
nance string strain gauges,and geodetical methods,in 10 prestressed concre-
te bridges.The strain gauges were concreted directly into the structures.The

following types of highway and railway bridges were measured:

- bridges with simple and continuous precast girders,

with monolytical (cast in place) concreted framework structures,

monolytical concreted cantilever bridges,

cantilever bridges or precast elements and

footbridge of prestressed lightweight concrete girders.

The process of changs of deformations stabilized in the bridges con-
structed with good guality of concrete ( Youngs Modulus E= 350 000 !:(p/c:r.'u2 )
after three years.The total strain (creep and shrinkage) measured after 10

6

years was - 200 x 107~ in a monolytical concreted framework prestressed
concrete structure (Highway bridge "K" - KoteSovd, span 63.40 m , Fig.No.l).
The naximum deflection after 10 years was 5.57 cm at the center of the span.
4.87 cm of the above was found after the first three months the bridge was
in use.After 3 years the deformations oscilated only due to temperature chan-

ges.The strains at the centre of the span are shown in Fig.No.2.

Bg. 4 Schiussbericht
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Fig.No.l.:The monolytical concreted framework prestressed concrete

highway bridge " K " - KoteSova.

In the second framework structure (Highway bridge " B " -Byt&a with
the same span of 63.40 m ) but of worse guality of concrete ( Youngs Mo-
dulus E = 250 000 kp/em® ) the maximum deflection was 11.77 cm after
three years and is not stabilized. 8.5 cm of the 11.77 cm was found after
the first 6 months of traffic on the bridge.The influence of temperature
change between summer and winter on the deflection oscilations was E 1 cm.
However it is possible that these large deformations were partially cau=
sed by foundation movements and therefore reccmandations were made to con-
nect the bottom of the foundations with prestressed concrete bars in this

type of structure.

The cantilever bridges with prestressed precast concrete elements
had already larger deformations during prestressing in comparison with the
monolytical concreted cantilever bridges.However one has to note,that the
desired prestress in the highway bridge " s " ( Sirn{k, span 60.00 m,
Fig.No.3.) was = 147.3 kp/cm2 (the measured prestress - 130.7 kp/cm2 )
and in the monolytical bridge " N " ( Nové Mesto, span 70.00 m ) was
- 83.0 kp/cm2 (the measured -84.9 kp/cm2 ) , which is smaller as in the
bridge with precast elements " S " . From the measured results of the mono-

lytical bridge " N " constructed with the inferior quality of concrete it

51



52 I — CREEP, SHRINKAGE AND TEMPERATURES IN PRESTRESSED CONCRETE BRIDGES

was observed that maximum deflection at the center of the span was 31.18 cm,
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Fig.No.3.:The cross section of the cantilever highway bridge with pre-

stressed precast concrete elements.

but the increase of the deflection in the last 3.5 years was only 6.95cm.
In comparison,the monolytical concreted bridge "KO" (Kolérovo,span 61.61 m,
Fig.No.4.) made with the better quality of concrete,the maximum deflection
in 4 years was only 4.5 cm ,

and the strains,measured u -
sing akustical strain gauges,
was 25 to 30 & smaller as in
bridge " N ".In the bridge

" KO " the advantage of the

metal yoint was observed com-

paring it with the reinforced
concrete joint in the center
of the span in bridge " N n ,
The measured stresses during
prestressing and after the

first year after prestressing

Fig.No.4.:The monolytical concreted canti- A8 [SHORE 10, SN

lever prestressed bridge "KO",
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Fig.No.5.: The stresses in the cross section at the fixed end of the
monolytical concreted cantilever prestressed concrete high-
way bridge " N " during prestressing and during the first

year after prestressing.

An other interesting observation was that in the cantilever highway bri-
dge " S " with precast elements,the strains after three years were 100 %
higher ( Fig.No.6.) as in the cantilever monolytical concreted bridge " KO *,
The deformations in bridge " S " also stabilized in 3 years,since the guality
of the concrete is not bed.The deflection increas was 45 mm in 1966, 13 mm in
1967 and 8 mm in 1968. In the cantilever bridge " S " the maximum strain was
- 850 x 10-6 after 3 years, in the cantilever railway bridge " M " ( Margeca-
ny,same span,Fig.No.7.) the maximum strain was - 800 x 1070 after 2.5 years
( 50 & of the later is shrinkage ).
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Fig.No.6.: The strains & x lO-b in the cross section at the fixed end
(first precast element) of the cantilever highway bridge " S "

with prestressed concrete precast elements during the first 2 years.

Fig.No.7.:The cantilever prestressed concrete railway bridge " M " with

precast elements.
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The process of deformation change in prestressed concrete bridges with
simple and continuous girders had also stabilized after 3 years.In the rail-
way bridge "KR" (Kramire, span 24.00 m ) the maximun strain was -180 x 10_6
after 4 years. In the footbridge " V " ( Velim,span 11.20 m ) after 3 years
the deformation oscillation due to the deformation changes were s 50 x 107
In the highway bridge " NZ " ( Nové Zimky , span 22.00 + 22.00 + 22.00 m ),
Fig.No.8., with continucus girders after 10 years the deformation oscilation

due to the deformation changes were + ;4 10-6.

Fig.No.8.:The highway bridge " NZ " with continuous precast prestressed

concrete girders during construction.

According to our measurements we may conclude that betwecen our results
and the designe values from the chechoslovakian code No.732 004 , p.108 (the

code formulas based on the classical Dischinger theory of creep and shrin-
kage) the difference is small in the cantilever concrete bridges even where

the deformations are relatively large.The creep coefficient for the highway
bridge " S " is 2.07 from the code (from the measurements 1.78) and for
railway bridge " M " is 2.06 (from measurements 2.07 ).The safety factor
for the other bridges is rmuch larger.
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SUMMARY

The paper gives an analysis of the measurements of creep, shrinkage and
-temperature changes in various 10 prestressed concrete highway and railway bridges.
Observations were made over a period of 3 to 10 years at the Research Institute of
Civil Engineering in Bratislava by acoustical resonance string gauges and geodetical
methods. It is concluded that between the results of the observations and the design
values by the classical Dishinger theory of creep and shrinkage the difference is small
in the cantilever prestressed concrete bridges and the safety factor for the other
bridges is much larger.

RESUME

Cet article décrit les mesures de 1'influence du fluage, du retrait et de la
température sur 10 ponts~routes ou ponts-rails. Ces observations ont été exécutées
au moyen d'extensométres acoustiques et par des méthodes géodésiques pendant des
durdes de 3 4 10 ans par 1'Institut de Recherches du Génie Civil a Bratislava, On
peut en déduire que la différence, entre les résultats des mesures et la théorie de
Dischinger pour le fluage et le retrait, est petite dans le cas des ponts en béton
précontraint construits en encorbellement et que le facteur de sécurité des autres
ponts est encore plus élevé,

ZUSAMMENFASSUNG

In diesem Aufsatz werden Kriech-, Schwind- und Temperaturmessungen an
10 verschiedenen Strassen- und Eisenbahnbriicken aus Spannbeton gegeben. Die
Beobachtungen wurden wahrend einer Dauer von 3 bis 10 Jahren am Forschungs-
institut fiir Ingenieurbauten in Bratislava (Pressburg) mittels Saitendehnungsmesser
und geoditischer Methoden durchgefiihrt. Es zeigte sich, dass die Differenz aus
Messergebnissen und den klassischen Dischinger-Werten der Kriech- und Schwird-
theorie fiir Freivorbaubriicken sehr gering und dass der Sicherheitswert der anderen
Briicken noch grosser ist.
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Mesures de dilatation et de poussée en clé sur un grand ouvrage en béton arme
(Pont de la RN 7 sur le canal de fuite de Donzére-Mondragon)

Dilatations- und Scheiteldruckmessungen an einem groen Stahlbeton-Bauwerk
(Briicke der RN 7 {iber den Kanal von Donzére-Mondragon)

Dilatation and Force at the Top Joint on a Big Prestressed Concrete Structure
(Bridge of the RN 7 over the Channel of Donzére-Mondragon)

PIERRE SAVEY RENE DELEGLISE
Ingénieur des Ponts et Chaussées Chef du Centre d'Exploitation du Bas-Rhone
Directeur Adjoint de |'Equipement a la Compagnie Nationale du Rhdne

3 la Compagnie Nationale du Rhone

France

I - INTRCDUCTION

1-1 - Description de 1l'ouvrage

Le pont par lequel la route nationale 7 franchit le canal
de fuite de 1'aménagement de Donzére-iiondragon a été construit
en 1951. C'est un grand pont en béton armé de 260,50 m. de portée
comportant trois travées de 80,25m, 100m et 80,25m. Il a été
réalisé pour le compte de la Compagnie Nationale du Rh8ne. Le
projet a été congu par Li. le Président CAQUOT.

Ce pont est formé de deux poutres tubulaires paralleles de
hauteur variable, supportant la dalle de chaussée. Les appuis
de chaque poutre sont constitués par des rouleaux en béton fret-
tés, formant au droit des piles, béquilles virtuelles. L'ouvrage
présente un biais important (45°). Les deux poutres sont cepen-
dant droites, le biais est réalisé par un décalage longitudinal
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Fig., 2 - Vue en plan et coupe schémééﬁque du Pont.

des appuis de 6,38 m. La liaison entre les poutres est réduite
au minimum par des entretoises de faible hauteur, a l'exception
des entretoises sur appuis qui sont trés rigides. Chaque poutre
fonctionne sensiblement comme un pont droit.

Elles sont toutes deux coupées, en clé, par une articula-
tion en béton fretté mise en charge au décintrement de fagon &
rester toujours en compression.

~

Les fondations de 1'ouvrage sont des caissons foncés a
1'air comprimé dans l'argile pliocéne en place.

1-2- Campagne de mesures effectuées sur 1l'ouvrage

En 1955, aprés une période de froid intense, l'examen des
articulations centrales permit de constater qu'a chacune des
deux articulations l'un des plots était décollé de l'entretoise
d'about de 2 & 3 mm. On concluait alors & un déclavage résultant
de la disparition au moins momentanée de 1la poussée de clavage
initiale.

Les études faites a la suite de ces premiéres constatations
aboutirent a un projet de reclavage provisoire destiné d'une
part, & rendre au pont ses conditions de fonctionnement normal
en introduisant en clé une poussée épale a4 la poussée initiale
et _d'autre part, & permettre 1'exécution d'une série de mesures
& la suite desquelles un projet de reclavage définitif pourrait
8tre établi.

Aprés mise en place des articulations provisoires formées
de deux vérins, la Compagnie Nationale du Rh8ne a procédé & des
mesures périodiques portant sur la poussée, la température et
les déplacements.

Ces observations faites sur un peu plus de deux années,
(de Novembre 1964 a Septembre 1966) c'est-a-dire sur deux
cycles de saisons, ont comporté des enregistrements continus
(enregistrements des températures,
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variations de 1l'ouverture des joints de culée) et des mesures
ponctuelles (mesures de poussée par exemple, dont la fréquence
était en moyenne d'une par semaine). Elles ont fourni une masse
assez importante d'informations sur le comportement de cet
ouvrage.,

De telles mesures, sur de telles durées, sont assez inhabi-
tuelles. C'est pourquoi il nous a paru intéressant de les rela-
ter ici.

2 = DILATATION DU PONT

Les observations relatives
a4 la dilatation du pont ont
comporté des mesures de tempéra-
ture et d'allongement.

2-1- L'esure des températures

Des enregistrements continus
de la température ont été
effectués en trois points :

Le premier point de lecture
donnait la température dite '
"extérieure" (te). L'enregistreur
correspondant étant placé a
l'intérieur d'un caniveau de
trottoir du pont, au droit du
joint de culée rive droite, donc
a l'abri du soleil mais bien
ventilé puisque le caniveau est
coupé & cet endroit par le Jjoint
de culée.

Fige% -~ Appareils d'enregis-
trement des dilata-
tions

Les deux autres donnaient la température dite "intérieure"
(ti) des poutres a l'aide de deux enregistreurs disposés 1l'un
dans la poutre amont, l'autre dans la poutre aval au droit de 1l=z
nile rive droite, donc assez loin de la culée (80m). A noter que
la seule ouverture établissant une communication entre l'inté-
rieur des poutres et l'extérieur est une trappe de C,50 m de
c8té environ, située & proximité immédiate de la culée. On peut,
semble-t-il, admettre que cette ouverture ne joue qu'un r8le
négligeable dans la transmission de la chaleur entre 1'extérieur
et l'intérieur des poutres.

2=Z=~ Liesure des allongements

Les allongements du pont ont été enregistrés de fagon conti-
nue a l'aide de gquatre appareils disposés au droit des joints deo
culee rive droite et rive gauche, et des poutres amont et aval.
L'appareillage comportait un cylindre vertical portant les
feuilles d'enregistrement hebdomadaire, 1'équipage mobile
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gortant la plume était solidaire
'un fil d'acier reliant un des
deux parements A& un contrepoids ;
1'appareil enrcgistreur c¢tait
solidaire du parement opposé. Afin
d'augmenter la sensibilité de
1l'ensemble, le fil d'acier ¢était
moufflé, ce qui nous a permis
d'amplifier les mouvements dans le
rapport de 1 a 5. Le pont étant
biais, 1l'ensemble était disposé de
maniére a mesurer les déplacements
réels parallélement 4 1l'axe de
1'ouvrage.

=
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Afin de contrfler le fonc-
tionnement des enregistreurs, des
mesures étaient effectuées au
moins une fois par semaine & l'aide
d'un pied a coulisses entre des
repéres fixes.

on

“*i?"ﬂlﬂ: ;4
irﬁ‘rrcdn’

= - Emeaes
Hex
= e
Fec

“:'“"
B

i 51 o i 3334
AT 11 1
NOVEMBRE 1585 ] DEEUMM 1985 I IANVIER 1966

=

Fig.4 - Variation des tempé- 2-5- Résultats des mesures de
ratures sur une longue temperature
duree

Nous donnons ci-contre &
titre d'exemple, un extrait de
graphique semestriel des températures. Ce graphlque comporte
pour chaque Jour quatre temperatures ; les températures a 1'in-
térieur de l'anneau amont et de l'anneau aval et les maxima et
minima extérieurs. On remarque que les températures intérieures
du pont sont voisines l'une de 1l'autre et généralement assez
bien centrées sur l'intervalle
minimum-maximun, avec toutefois,
en cas de variation importante
des extrémes, un léger retard
de quelques jours sur ceux-ci.
D'une maniére generale, - (i §
semble que la temperature a
l'intérieur des caissons soit
de 1l'ordre de la moyenne des
extrémes extérieurs.

2-4- Résultats des mesures
d'allongement

Les variations des ouver-
tures des joints de culée ont
é¢té converties en variation de
longueurs en faisant le total
des variations de la rive
gauche et de la rive droite, et
cela pour chacun des anneaux
amont et aval considérés sépa-
Fig.5 - Comparaison des dilata- rément. Compte tenu de la pré-

tions rive droite et cision des mesures, nous
rive gauche. pouvons dire que les deux
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poutres amont et aval donnent lieu. aux

m&mes dilatations. Par contre, en compa=

rant les variations d'ouverture des
joints de culée rive droite et rive

gauche, on constate que le joint de
culée rive gauche joue moins que ,celui

A

de rive droite. A une variation de

longueur du pont de 10 mm correspond une
variation de longueur de 4,6 mm en rive
gauche et 5,4 mm en rive droite.

La symétrie du pont qui est géomé-

triquement rigoureuse, n'est donc pas
absolument conservée dans la dilatation.
I1 y a entre chaque rive, un écart de
l'ordre de 10 % de la dilatation globale
Ce résultat peut 8tre intéressant a
connaftre pour l'étude technologique des
joints de chaussées.

2=5- Corrélation allongements-tempéra-

ture, coefficient de dilatation

Un graphique de corrélation allon-

L gement-température a été établi & partir
LD ;&%gg des données suivantes :

-de dilutation 9.6, 10°%)

Pour les temperatures, nous avons

fig.6 - Corrélation porte en abcisse la température moyenne
Allongements extérieure en faisant la moyenne arith-
température métique des maxima et minima de chaque

journée d'aprés les enregistrements du
thermométre placé dans le caniveau (voir paragraphe 2-1).

Pour les allongements, nous avons considéré la moyenne

arithmétique des minima et maxima de chaque journée.
Cn obtient ainsi un nuage de points donnant l'allongement du
pont en fonction de la température. La droite des moindres car=-
rés montre que la longueur augmente d'environ 2,5 mm par degré
pour une longueur totale du pont de 26C,50 m cette variation
donne un coefficient de dilatation de 9,6 x %O 6, un peu faible
en comparaison de la valeur admise couramment. I1 faut noter a
ce sujet que la dilatation du pont n'est pas entiérement llbre,
elle est frelnfapar les bielles de culée qui sont inclinées & 2

ourl, ce qui entrafne une flexion des travées de rive et réduit

e coeff1c1ent de dllatatlon apparent du pont. Cependant cette
réduction est faible et n'intervient pas sur les deux premiers
chiffres significatifs du coefficient de dilatation.

On peut noter sur ce graphigue une assez forte dispersion.
La temperature du pont ne peut se déduire de la longueur qu'a
+ 5° prés.

Cette dlsper31on traduit la complexité de la distribution
les températures & 1l'intérieur du pont sous 1l'influence des va-
riations plus ou moins rapides et plus ou moins grandes de la
Lempérature extérieure.
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Z-b= Teuperature reelle du pont

C'est pourcum.nous avons
cherché si l'on pouvait, a chaque
instant, attribuer une température
moyenne au pont et comment cette
A0 0 I o température pouvait se déduire de
L e e} oaneng la température de 1l'air extérieur
ST BRI et e weenens e 200 ¢ @5 Antérieur. Les voiles de béton

qui constituent le pont sont, sur

ig.7 - Enregistrement et une face, exposés a la temperature

' calcul continu des intérieure (t1) et sur l'autre
températures du 4 au face, exposés dans les partles a
11 Juillet 1966 l'ombre, & une température voisine

de celle qui regne dans le caniveau
(te). Dans les parties au soleil,
la température extérieure peut 8&tre
beaucoup plus élevée mais il a paru
difficile d'en tenir compte. La
solution la plus simple est d'admet
T e tre que le pont présente une tempé-
manc | wewceeol 1 oot | viwoseol | sai [ bwhers rature propre t qul est une fonction

—— Températures extérieures te

ST A S b e ear  1indaire des températures de l'air

R 7 deduites de lo formule 17 078i+0.3 to

ambiant.
fig.8 - Enregistrement et La loi qui semble le mieux
calcul continu des convenir est :

températures du 22
au 29 Aot 1966

t = (C,70 te + 0,3C ti) _ Zh

oo oo oo
ee 3o se

I1 y a en effet un déphasage

‘N> assez net de trois heures entre 1la
e i e e températura du pont et la tempéras-
LWNoi|  MARDI MERCREDI Jeuor VENDRED] ’| SAMED! DIMANCHE ture de 1 ' air .
N Températures exiérioures Lo
S RS o s s 06 109 La validité de cette loi
apparaft sur les figures 7, 8 et C,
Fig.9 ~ Lnregistrement et dont deux ont été établies en
calcul continu des saison chaude et une en saison
températures du 1C froide.

1 ier 1966 :
au 1Y Jemvier Nous avons reportée sur ces

graphiques :

- les températures de l'air te¢ et ti (résultant d'un enregistre-
ment contlnu) 3

- la temperature propre du pont t, déduite des précédentes selon
la loi ci-dessus ;

- la température propre du pont (t') déduite de sa longueur a
1'aide d'un coefficient de dilatation supposé de ¢,6 x 10-06,

Cn voit sur ces graphiques gue les deux températures t et t!
sont v0131nes, donc que la loi 1nd1quee ci-dessus est assez bien
vérifiée., I1 subsiste cependant des ecarts qui peuvent atteindre
au maximum 2,5°. D'une maniére pluo précise le coefficient de

corrélation entre t' et t est de 1l'ordre de 0,99% avec un écart
type de 1.,15°
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Si 1'on se posait le probléme des variations de longueur
#+'un pont projeté, on ne connaftrait pas la température inté-
rieure des poutres ti mais seulement la température de 1'air a
l'ombre te a l'emplacement ol l'on veut édifier le pont. Le plus
simple est alors de remplacer ti par la moyenne des températures
extrémes extérieures observées dans la journée précédente. La
température propre du pont s'écrit alors :

t = C,70 tg +C,15 (tep + tem)
-=5h

I
-
.

ee ee @0 oo

Cette loi n'est évidemment
valable que pour un pont formé de
poutres tubulaires analogues au
pont de Donzeére. Dans le cas d'un
pont dalle il faudrait vraisem-
blablement réduire trés fortement
le coefficient qui est devant te.

5 - POUSSHE EN CLE

5-1- Articulation de clé provisoi-
re

Au moment ou le pont a été
construit, une poussée a été in-
troduite dans l'articulation de
clé., Pour cela, des vérins ont
été installés entre les entretoi-
ses de clé et la poussée exercée

fig.1C - Vérin de reclavage
provisoire en place,

Robinet permettant | fe vérin aval a é t é de 180 tonnes par poutre 4
d’alimenter soit 7 ’ ' ; ’
= — on a alors bétonné les articula-
p—l tions centrales qui ont été mises
AAL == i en charge par suppression des  _

2tpompe yérins. La poussée en clé devait
ensuite s'élever & 214 tonnes par
S demi-pont par %'effey de charge
ive droite  COTT'espondant a 1'exécution des
rev8tements des trottoirs et des
garde=corps.

Demi. pont
rive gauche

Les opérations de reclavage
qul ont été rendues nécessaires
par la fissuration des rotules
ont permis de faire d'assez nom-
breuses mesures de la poussée
réelles qui régnait dans 1'arti-
culation.

Pour cela, les rotules ayant
eté démolies ont été remplacées
par quatre vérins horizontaux a

Mg.11 - Schéma des articula-
tions provisoires.

Bg. 5 Schlussbericht
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raison de deux vérins par anneaux. Ces vérins étaient appliqués
sur les entretoises d'about des deux demi-travées centrales de
maniére que leurs axes se situent dans le m8me plan que celui
des rotules. Les pistons prenaient appui sur des crapaudines
permettant la rotation des deux demi-ponts dans les m&mes condi-
tions que les rotules primitives.

Les pistons pouvaient &tre bloqués par des écrous permet-
tant de conserver la poussée sans qu'il soit nécessaire de
maintenir en permanence la pression d‘'huile dans les vérins. Le
circuit d'huile était congu de telle sorte que la pression était
la mé&me dans chacun des verins relatifs i un m&me anneau. Par
contre, on pouvait pour chacun des couples zmont et aval, bran-
cher les vérins en paralléle sur une mgme pompe ou séparement
sur deux pompes différentes.

3-2- Mesure des ouvertures du joint de clé

L'ouverture du joint de clé était mesurée & l'aide de deux
comparateurs sensibles au 1/100 de mm (1), situés 1l'un & 1'amont,
l'autre 4 l'aval dans le plan des axes des vérins. Cette ouver-
ture était, bien entendu, constante en dehors de toute action
sur les vérins. Ces deux comparateurs avaient essentiellement
pour but de nous renseigner sur les variations d'ouverture du
Joint de clé lors des mesures de poussée qui se traduisaient par
des variations d'ouverture pouvant dépasser 1 mm.

3-%= Inégalité des poussées sur les deux anneaux

Nous avons vu qu'il existait deux possibilités pour action-
ner les vérins :

- soit opérer avec deux pompes. Une pompe pour les deux vérins ,
amont et une autre pompe pour les deux vérins aval. Dans cette
hypothese, on est maftre & la fois des poussées et des écar-
tements. La logique conduit & manoeuvrer les vérins de telle
sorte que l'on enregistre les mémes &cartements & 1l'amont et &
l'aval, ce qui a donné le plus souvent des valeurs de la pous=-
sée différentes pour 1'anneau amont et pour l'anneau aval,
1'écart type par rapport & la poussée moyenne étant de l'ordre
de 14,5 %

- soit opérer avec une seule pompe pour les quatre vérins bran-~
chés en paralléle (méthode que nous avons le plus souvent
employée)., Dans cette derniére hypothése, ils exercent tous le
m8me effort mais le joint de clé ne s'ocuvre pas parallélement
a4 lui-m@me, il se produit une légére angulation, assez faible
d*ailleurs ; l'écart entre les comparateurs amont et aval est
de guelques dixiémes de mm. Quelquefois cet écart est nul,

(1) Cette sensibilité peut paraftre démesurée pour un ouvrage
d'une pareille dimension. £n fait, 1l'expérience a montré
qu'une précision du dixiéme de‘mm était absolument
necessaire.
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quelquefois il est dans un sens,

67

quelquefois dans l'autre sens.

I1 est vraisemblable que cette inégalité résulte de l'ensoleil-

lement qui échauffe différemment
du pont.,.

3-4- Détermination de la poussée

la face amont et la face aval

La détermination de la poug

tonnes

A

“Mesure Tente <ﬂulet sur 2 h.
13 des paliers pourslq stabilisafion 1 5 m

17T i AMDN! ol b
i AVAL |
= Noriatidns consimnhves @ uh u:hqn
sur les vérins

m Variations dées ¢ ko s&ubdlmlmn on
5 de foute aclian swr lns vérins

05 Tmillimétre 15
7ig,12 = Variation de l'écar- )
tement du joint de cle
en fonction de la

__ poussée

tonnes

| 12t/mm

0 frdrhe bt bt = ot
o el o |

e be

_ P1:222 tonnes.
p2itan
. P 177

| ‘ mont
UL Compinaten wha
05 Tmillimélre
des

Fig.13 - hesur% lente _
variations € poussée
% ouver-

15

en clé aveg
ture du join

raiblissait. La perte de poussée
100 tonnes. Cette perte de press
une certaine raldeur du pont qui
ment sur toute sa longueur sous

ipar mm environ).

sée est assez délicate. £n effet,
les valeurs que l'on mesure sur
les mancmetres donnent bien une
poussée mais celle-c1 ne corres
pond pas forcément & celle qui
existait dans le pont avant que
l'on agisse sur les vérins. Four
préciser cette définition de la
poussée, nous avons établi lors
de chaque mesure des graphiques
donnant les variations d'ouver-
ture du joint de clé en fonction
de la poussée. Plus de 60 mesu=-
res de ce type ont été effec-
tuées.

Les résultats d'une mesure
courante sont représentés sur la
flgure 12. La mise en pre051on
des vérins était opérée par
paliers, en ne s'arr&tant sur
chaque palier que le temps
nécessaire pour lire les appa-
reils.

La poussée croissait d'abord
tres vite, puis de moins en
moins, c¢'était la phase de trans-
fert de la poussée entre écrou
et pression d'huile. Ensuite, la
poussée croissait linéairement
avec une pente beaucoup plus
faible et trés peu variable
suivant les essais (12 tonnes

Il y avait dansg
cette phase transfert complet de
la poussée sur la pression
d'huile et la réaction du pont
exprimait uniquement le résultat
des déformations provoquées danc
les poutres par 1l'ouverture du
joint de clé.

i 1'on cessait d'envoyer
de 1l'huile dans le circuit,
1'écartement ne variait plus. Cn
constatait alors que la poussés

ainsi obtenue pouvait atteindre
ion ne peut s'expliquer que par
ne se déforme pas instantané-
l'action des vérins.
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Si 1'on diminuait ensuite le volume d'huile, la poussée
déecroissait d'abord lentement & raison de 10 a 20 tonnes par mm
selon une loi sensiblement linéaire mais dont la pente variait
beaucoup plus d'un essai & 1l'autre que lors de la phase de
montée en pression. Enfin, si le volume d'huile continuait de
décrottre, la pression tombait brusquement & partir d'un certair
moment. Il y avait alors transfert entre pression d'huile et
écrou,

Au total, il se produisait donc une sorte de phénomeéne
d'hystérésis, les efforts appliqués ne se traduisant pas immé-
diatement par des mouvements de 1l'ensemble des poutres.

Dés lors, on peut se demander quelle était la poussée réel-
le dans le pont avant cette expérience. On peut par exemple
extrapoler la montée de poussée linéaire jusqu'a l'axe des
poussées, c'est-d-dire jusqu'au point d'ouverture nulle du joint
on obtient ainsi une poussée Pl. On peut de m&me extrapoler la
descente de poussée linéaire, on obtient ainsi P; inférieur a »
On peut aussi prendre la moyenne, soit Pp.

Pour mieux examiner ce phénoméne, nous avons procédé & une
autre expérience dont les résultats sont donnés figure 13.

La mise en pression a été faite par paliers successifs en
laissant entre chaque lecture un temps de stabilisation ; 1'opé=
ration a duré environ deux heures. Les appareils étaient lus
immédiatement aprés les manoeuvres sur les vérins et immédiate-
ment avant la manoeuvre suivante, soit au début et & la fin de
chacun des paliers de stabilisation.

On constate que durant ces paliers, la poussée diminue dans
la phase écartement du Jjoint, elle augmente dans la phase resser
rement. S5i 1l'on considére les courbes enveloppes correspondant
les unes au début des paliers, les autres a la fin, on constate
une réduction du phénoméne d'hystérésis. I1 est probable qu'en
faisant 1l'opération encore plus lentement ces phénoménes dispa-
raftraient complétement, mais la prévision ainsi obtenue serait
jllusoire car la température extérieure varie et cette variation
trouble la mesure si celle=ci est trop longue.

L'analyse de ces graphiques nous a conduit a retenir la
Gl .1 valeur moyenne Pp comme étant la plus
0 /ISP représentative de la poussée qui existait
# en clé avant la manoeuvre des vérins.

AT

%lohn’e&s

£

L;}F7§{j %=-5- Relation poussée=température

Le pont étant hyperstatique, la pous-
EELEEny sée en clé varie avec la température. Nous
e i | avons cherché & dégager la corrélation
8 R | expérimentale entre ces deux éléments en
78— prenant en compte, pour la poussée la
AEEEaRE | valeur de Pp et pour les températures la

; 7 valeur t' définie au paragraphe 2-6 ci-des-
11 dcmpdrajures, SuS et déduite de la dilatation du pont a

0° 10° 20° 1'instant de la mesure de poussée. £n adop-
. ) tant ces paramétres, on pouvait espérer
Fig.14 -tRelgtlgn réduire la dispersion des points traduisant
poussee-temperature 4. r.jation pousséc-texpiraturs. La droite

w0
SPoussée en
|
-
|
‘
T
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des moindres carrés a l'équation suivante :

P(tonnes) = 7,25 %+ 125

Cn voit que P peut s'annuler pour des températures voisines
de - 17°. On trouve la l'explication des désordres qui ont &té &
l'origine des opérations entreprises sur ce pont.

Cette corrélation est donnée dans la figure 14, Cn remarque
qu'il subsiste une dispersion assez forte. Pour une température
donnée la poussée est égale a la valeur résultant de 1'équation
ci-dessus a + 40 t prés.

On peut aussi chercher & déterminer la relation poussée-
température par le calcul. Il faut faire alors un calcul complet
du pont tenant compte du biais car celui-ci introduit une raideur
sensible dans l'ouvrage & cause de l'importance des entretoises
sur appué. Le calcul fait (1) avec un module d'élasticité de
3,6 x 1C° t/m2 donne une variation de poussée de 8,6 t par degré
alors que la variation mesurée est de 7,535 t par degré. le pont
est donc un peu moins raide que ne le laisse supposer le calcul.
On pourrait schématiser cela par une diminution du module. Il
faudrait pour obtenir une variation de poussée de 7,53 t par
degré,supposer un module de 3,1 x 10 t/m2. Cette valeur est
voisine de celle que 1l'on admet pour des charges brusquement
appliquées. On aurait pu penser que les effets thermiques étaient
des phénoménes lents. EZn fait il n'en est rien ainsi que le mon-
trent d'ailleurs, les indications du paragraphe 2-6 ci-dessus.

4 - CONCLUSIONS -
On peut résumer ainsi les enseignements de ces mesures :

4-1- Il n'est pas trés aisé de définir la température et la pous~
sée en clé d'un grand ouvrage en béton comme le pont de la RN 7
sur le canal de fuite de DONZERE. La température moyenne ne peut
8tre définie & partir de la longueur du pont qu'a 2 ou %° pres.
La poussée ne peut &tre connue a partir de la température qu'a

40 t prés. Dans 1l'étude des APticulations et des joints de chaus-
sée, 11 convient de tenir compte de ces fluctuations autour des
positions théoriques. in particulier, si la poussée d'origine est
faible, de l'ordre de 50 t, il faut savoir que des fluctuations
aléatoires sont capables d'en changer le signe. Pour un ouvrage
de ce type, des poussées begucoup plus fortes devraient &tre
mises en oeuvre si l'on ne veut pas que les écarts relatifs
soient trés grands. :

(1) Ce calcul a &4té fait par le Service Central d'Etudes
Techniques a 1l'aide d'un programme de calcul d'un ensemble
de barres non articulées (programme PROPAC).
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4=2« On peut rendre compte assez fidélement des phbnomenes de
dilatation en définissant la température intrinseque du pont par
l'expression

t = 0,70 te_ 5+ 0,15 (teM + tem_

ou ta_,,h est la température extérieure a l'ombre trois heures
avant l'instant considéré.

teM et t_ les températures extr@males observées dans les
dern:;.are; vingt-quatre heures.

deb~ J1 existe dans l'ouvrage une raideur certaine qui se mani-
feste par un temps de propagation des efforts entre la clé et
les culées, de l'ordre de la dizaine de minutes. Il est malheu-
reusement difficile de saveir dans quelle mesure cette "raidcur"
résulte des dimensions de 1'ouvrage ou du biais qui g8ne le
mouvement normal des articulations.

4-4- Dans cet ouvrage hyperstatique ou la poussee en clé dépend
directement de la température, le module d'élasticité gqui inter-
vient pour le calcul de la poussée est celui que l'on prend pour
des efforts appliqués rapidement, & savoir entre 5,1 x 1C° t/mZ.

“e=bH~ JI1 faut signaler enfin que ces études ont permis de définir
le niveau convenable de la poussee et de proceder au reclavuge
deflnltlf du pont. Operatlon, qul, exécutée.en trois phases du
iS5.4.67 au 29.5.67, a nécessite 20 heures d'interruption de la
circulation réparties sur %3 jours. Depuis, le fonctionnement de
1'ouvrage est parfaitement normal.

RESUME

Le rapport relate les résultats de mesures de températures, allongements et
poussés en clef, effectuées en 1965 et 1966 sur un pont en béton armé de 260 m de
portée. Ces mesures ont permis:

- de définir une relation entre la température propre du pont et les températures

de 1'air ambiant,

- d'analyser d'une maniére précise le comportement du pont aux effets

thermiques,

- de chiffrer les écarts de poussée en clef réelle par rapport au calcul

théorique.

ZUSAMMENFASSUNG

Dieser Bericht zeigt die Ergebnisse der Temperatur-, der Dehnungs- und
Scheiteldruckmessungen der Jahre 1965 und 1966 an einer Stahlbetonbriicke von 260 m
Spannweite. Die Messungen eriauben:

- e¢ine Beziehung zwischen Eigentemperatur der Briicke und Lufttemperatur auf-

zustellen.

- genau das Verhalten der Briicke infolge von Temperatureinfliissen zu berechnen.

- die Berechnung der Abweichung des Scheiteldruckes in bezug auf die theore-

tische Rechnung.
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SUMMARY

This report presents the results of measurements carried out in 1965 and 1966
of temperature, deformation and compression at the crown of a reinforced concrete
bridge of 260 m span. The measurements were used to obtain the following:

- a relation between bridgée temperature and ambient temperature,

- a precise analysis of bridge behaviour due to temperature effects,

- variations in compression in the crown of the bridge from the theoretical
values.



Leere Seite
Blank page
Page vide



l.

Temperaturspannungen in Spannbetonbriicken
Thermal Stresses in Prestressed Concrete Bridges

Contraintes thermiques dans des ponts en béton précontraint

H. BOSSHART
Bipl.-Ing.
Briickenbau SBB
Bern, Schweiz

Vorbemerkungen

Die Temperatureinfliisse auf Tragwerke des Briickenbaues sind ausserordentlich
manigfaltiger Natur. Die jahreszeitlichen grossen Temperaturschwankungen be-
einflussen eine Briicke gleichmissig lber den Querschnitt und erzeugen Bean-

spruchungen nur soweit die freie Lingendnderung behindert ist. Von grdsserer
Bedeutung sind die relativen momentanen Temperaturunterschiede innerhalb ei-

‘nes Briickenquerschnittes. Solche Temperaturdifferenzen treten in einer Spann-

betonbriicke zunidchst beim Abbinde~ und Erhirtungsprozess des Betons auf, wo-
bei auch nach dem teilweisen Abbau durch Kriechvorginge Eigenspannungen im
Tragwerk zuriickbleiben, I 1 I. Dann beginnen die tdglichen, durch die Wit-
terung bedingten Temperatureinfliisse, welche zu nichtlinearen Temperatur-
differenzen innerhalb des Tragwerkes fiihren. Ihre taglich wechselnde Wirk-
samkeit gefidhrdet besonders das nech junge Bauwerk durch bedeutende zusitz-
liche Beanspruchungen sowohl in Quer- wie in lidngsrichtung, je nach den
Auflagerbedingungen und der Querschnittsgestaltung.

Beim Entwurf von Spannbetonbriicken ist es iiblich, in einem zweiten Be-
rechnungsgang fir die Zusatzlasten solche Temperaturwirkungen zu beriick-
sichtigen. Dabei werden je nach den klimatischen Verhdltnissen vereinfach-
te Annahmen getroffen, etwa, dass bel einem Kastenquerschnitt in der ober-
sten, gegeniiber der untersten Faser der Fahrbahnplatte eine Temperatur-
differenz von + 10° C auftreten kann. Diese Annahmen konnen aber je nach
der Ausbildung der Brickenoberfliche ganz erheblich von der Realitdt ab-
weichen, wie an einem Beispiel gezeigt' werden soll.

. Messungen an der Schanzenstrassenbriicke in Bern

Diese 1959-60 gebaute Briicke weist einen dunklen Asphaltbetonbelag von 6 cm
Stirke auf, der direkt auf dem Beton liegt. Sie weist ein nach Sliden ge-
richtetes Gefidlle von 5,5 % auf (Bild 1). Gemessen wurde in 4 representa-
tiven Punkten eines Querschnittes mittels elektrischer Widerstandstempera-
turgeber (Bild 2a). Die tdglichen Schwankungen unter dem Einfluss der Son-
nenstrahlung und der ndchtlichen Wirmeabstrahlung in den 4 Messpunkten wur-
de kontinuierlich iiber mehrere Monate aufgezeichnet, ebenso die Lufttempe-
ratur (Bilder 3 und 4). Trotz der geringen Anzahl Messpunkte ergibt sich
ein instruktiver Aufschluss iiber die im tdglichen Rhythmus besonders bei
klarem Wetter auftretenden Temperaturunterschiede innerhalb der Fahrbahn-
platte und gegenilber dem Steg des Kastenquerschnittes. Es wird ein Zeit-
punkt ausgeprigter momentaner Temperaturdifferenzen herausgegriffen.
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Bild 2 a. Anordnung der Temperaturmessgeber 411, 412, 408, 413
b Angenommene Temperaturdifferenz filr stat. Berechnung
¢ Gemessene Temperaturverteilung am 22, Juni 1960 (Bild 3)
d Gemessene Temperaturdifferenz am 13. April 1960 (Bild 4)

b.) c.) d.)

etwa am 22. Juni 1960. Aufgrund der relativ kurzen Beobachtungsdauer diirfte es
sich noch nicht um einen absoluten Extremfall handeln. Es stellt sich aber da-
bel heraus, dass bel Sonneneinstrahlung erhebliche grossere Werte erreicht wer-
den, als der urspriinglichen statischen Berechnung zu Grunde gelegt wurden.
Linear extrapoliert erstreckt sich das Temperaturgefille von ca. 0,59 C/cm bis
in den Steg unterhalb des Ansatzes der Vouten und erreicht iiber den ganzen
Querschntitt insgesamt 22° C (Bild 2c), widhrend der grdsste Unterschied der
Lufttemperatur an jenem Tage 140 C betrug. Die infolge Abkilhlung gemessenen
Temperaturunterschiede, z.B. am 13. April 1960 erreichen nicht so. grqsse ab-

solute Werte und liegen wohl etwa im Rahmen der ursprungllchen Annahme von
1P 4.
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Da sie aber in der Regel allseitig an der ganzen Querschnittsoberfliche auf-
treten, nicht nur vornehmlich in der Fahrbahnplatte, sind sie besonders fir
die Beanspruchungen in Querrichtung zur Briickenachse bedeutsam I 2 I.
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3. Normalspannungen infolge Erwdrmung der Briickenplatte

Die folgende Betrachtung beschridnkt sich auf die Eigenspannungen, welche
durch das Temperaturgefdlle gemidss Bild 2c in der Briickenlidngsrichtung her-
vorgerufen werden. Diese Eigenspannungen wurden rechnerisch ermittelt, wo-
bel folgende vereinfachende Annahmen getroffen wurden:

- Elastizitdtsmodul fiir kurzzeitige Belastung Ey = 400'000 kg/cm2

- Vernachlissigung der schlaffen Armierung

- Analoger Temperaturverlauf iiber die ganze Briickenlinge und Briickenbreite
- Vernachlidssigung der Unsymmetrie infolge Trottoirkonsolen

Die Temperaturdifferenzen erzeugen durch ihren nichtlinearen Verlauf iiber
die ganze QuerschnittshShe Zwingungen innerhalb eines Querschnittes, die
sogenannten Eigenspannungen 1. Art, welche nach der von P. Lardy aufge-
stellten Theorie der Eigenspannungen ermittelt werden I 3 I. Ferner erge-
ben sich aus der Zdusseren statischen Unbestimmtheit des Systems positive
Biegemomente lber die ganze Linge des durchlaufenden Balkens (Bild 5a), wel-
che die Eigenspannungen 2. Art ergeben.

Der Verlauf der resultierenden Eigenspannungen (1. + 2. Art) ist in Bild 5b)
fir 3 Fasern iber die ganze Brlickenlinge dargestellt.

(-1584 mt) 1
M. 2345 6,7
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- ’,
+888mt (+1215mt) +68Bmt
Zug{ngIc:m2
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Bild 5 a) Zwingungsmomente am durchlaufenden Balken
b) Resultierende Eigenspannungen fiir 3 Fasern

’ (:) Oberste Faser der Fahrbahnplatte
(:) Faser im Steg in der Ndhe des Voutenansatzes

(3) Unterste Faser des Querschnitts

Fir zwei charakteristische Querschnitte, einen Feldquerschnitt und einen
Stitzenquerschnitt sind in Bild 5 die Eigenspannungen 1. und 2. Art ge-
trennt dargestellt (5a und b). Weiter sind in dieser Figur die totalen Ei-
genspannungen aus Temperatur (¢) den Normalspannungen aus den Hauptlasten
(Eigengewicht, Vorspannung T =oo) und maximaler resp. minimaler Nutzlast
gegeniibergestellt,
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Bild 6 a) Eigenspannungen 1. Art
b) Eigenspannungen 2. Art
¢) Resultierende Temperaturspannungen 1. und 2. Art
d) Zusammenstellung mit den Spannungen aus Hauptlasten

Im Feldquerschnitt 4 (BC) treten infolge der gemessenen Temperaturdifferenzen
Zugspannungen von rund 42 kg/cm? auf, gegeniiber 41 kg/cm? aus maximaler Nutz-
last. In der obersten Faser erreichen die Temperaturspannungen fast den drei-
fachen Wert des Nutzlasteinflusses, ndmlich 55 kg/cm2.

Im Querschnitt B iiber der Stlitze ist der untersuchte Temperatureinfluss von
der gleichen absocluten Grossenordnung  wirkt jedoch dem Einfluss der Nutzlast
und des Eigengewichtes entgegen, und zwar soweit, dass in der untersten Faser
Zugspannungen entstehen kdnnen.

Im Steg des Kastenquerschnittes rufen die beobachteten Temperaturunterschiede
Zugspannungen in der Griéssenordnung von 20 - 25 kg/cm2 hervor, wodurch in der
Stitzenndhe die schrigen Hauptzugspannungen unginstig beeinflusst werden.

Im betrachteten Bauwerk tritt aus den unerwartet hohen Temperaturbeanspruchungen
keine Gefiahrdung ein, weil aus konstruktiven Grinden die Dimensionen reichlich
gewdhlt wurden und daher die zuldssigen Spannungen nicht voll ausgeniitzt werden
konnten. Ferner tritt die rechnerische Nutzlast sehr selten auf und kaum gleich-
zeitig mit den extremalen Temperaturdifferenzen. Es wurden keine Risse beobach-
tet.

Bei Tragwerken mit voller Materiglausnitzung und besonders wenn im Sinne neuerer
Empfehlungen auf volle Vorspannung verzichtet wird, dirfte es ratsam sein, vor-
sichtige Annahmen hinsichtlich der Temperatureinfliisse zu treffen und diese so
welt moglich auf Messwerte zu begrinden. Es mag daher von Interesse sein, zur
Erginzung: der vorstehenden Ausfithrungen die Resultate dhnlicher Temperatur-
messungen an einer Eisenbahnbricke bekanntzugeben.
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4, Temperaturmessungen an der Verbindungsbriicke bei Brugg

Der Querschnitt der untersuchten Spannbetonbriicke ist auf Bild 7a darge-
stellt. Die vor dem Aufbringen des Schotterbettes gemessenen Temperaturver-
hditnisse zeigen, dass die festgestellten Differenzen im Beton etwas ge-
ringer sind als bei der Schanzenbricke, obwohl die klimatischen Verhalt-
nisse weitgehend die gleichen waren. Dies diirfte darauf zurlickzufiihren sein,
dass die helle Betonoberflache weniger Warmestrahlung absorbierte als der
Schwarzbelag der Schanzenbriicke. Der Temperaturverlauf iber mehrere Tage
ist im Bild 8 aufgetragen.

Verbindungsbriicke in Brugg Temperaturverteilung

a.)
b.)
c)
Bild 7 Verteilung der Temperatur im Betonquerschnitt
Verbindungsbriicke in Brugg ohne Schotterbett
Q
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Bild 8 Beton- und Lufttemperaturen im August 1966. Briicke ohne Schotterbett

Lufttemperaturen
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Die Verteilung der Temperaturen lber den Briickenquerschnitt ist aus dem Bild 7b
ersichtlich. Die Lufttemperatur an diesem sonnigen Tage stieg von 11° C am
frilhen Morgen bis auf 28° C am friilhen Nachmittag. Es wurde also ein Temperatur-
unterschied von 17° C erreicht. Die grosste Temperaturdifferenz zwischen der
obersten und untersten Messtelle im Beton betrug am Nachmittag maximal 8° C.

Nach Aufbringen des Schotterbetts auf der Bricke wurden die gleichen Messungen
an einem sonnigen Tage mit vergleichbaren Verhdltnissen durchgefiihrt. Den Ver-
lauf tber mehrere Tage zeigt Bild 9. Obwohl die Temperaturdnderungen der Luft
im gleichen Rahmen liegen wie bei der ersten Messung ndmlichat = 17,59 C
betridgt die Temperaturdifferenz im Beton bei der mit Schotter bedeckten Briicke
nur noch 4,5° C. Bs ist bemerkenswert, dass in diesem Falle die hochste Beton-
temperatur im untern Teil des Querschnitts auftritt. Die Wiarmeisolation, die
durch das Schotterbett erreicht wird, bewirkt also, dass die Temperaturen an
der untern Fliache der Briicke stirker dndernals direkt unter dem Schotter an
der obern Fldche der Betonplatte (Bild 7c).

Verbindungsbriicke in Brugg mit Schotterbett
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Bild 9 Beton~ und Lufttemperaturen im Juni 1967. Bricke mit Schotterbett

Wie aus diesen Untersuchungen hervorgeht, schiitzt das Schotterbett die Bricken-
Uberbauten wirksam gegen die klimatisch bedingte Wirmeeinstrahlung und vermin-
dert damit wesentlich die zusidtzlichen Beanspruchungen, welche durch die Tem-
peraturdifferenzen in der Briickenplatte verursacht werden.
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ZUSAMMENFASSUNG

- Im vorliegenden Diskussionsbeitrag wird iiber einige Temperaturmessungen in
Querschnitten von Spannbetonbriicken berichtet, Fiir eine Strassenbriicke mit Schwarz-
belag werden die taglichen Temperaturschwankungen dargestellt, woraus die grosste
momentane Temperaturdifferenz zwischen der obersten Faser der Briickenplatte
und dem Steg des Hohlquerschnittes entnommen wird. Fiir diesen Zustand werden die
Resultate der Eigenspannungsberechnung in einzelnen Querschnitten des durch-
laufenden Trigers dargestellt und gezeigt, dass dieselben'den Einfluss der Nutzlast
Ubertreffen konnen.

SUMMARY

This paper, which is intended as a contribution to the discussion, informs the
reader about some results of temperature investigations that have been made in cross
sections of prestressed concrete bridges. The daily fluctuations in temperature as they
occur in a highway bridge with bituminous ceating are plotted, from which the biggest
difference in temperature between the top fibre of bridge plate and the web of the
hollow section is taken. The calculations of the corresponding residual stresses in
characteristic cross sections of the continuous girder appears, that their values pre-
ponderate the effect of the live load.

RESUME

L'auteur relate quelques mesures de température effectuées dans des sections de
ponts en béton précontraint. Il considére un pont routier 4 revétement bitumineux od,
4 partir des variations journaliéres de température, il détermine la plus grande
différence momentanée entre la fibre supérieure du tablier et 1'Ame de la poutre caisson
continue. Un calecul des contraintes propres correspondantes fait ressortir que
celles-ci dépassent largement les valeurs attendues et, dans différentes sections,
prédominent sur 1'influence de la charge utile.
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Der EinfluR des Kriechens, des Schwindens und der Temperatur auf StraRenbricken in
Grofibritannien

W.1.J. PRICE R.G. TYLER
Road Research Laboratory
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1. Introduction

The scarcity of information on the effects of creep, shrinkage and
temperature on the behaviour of actual bridges encouraged the Road
Research Laboratory, with the co-operation of many enlightened designers,
to undertake measurements on certain bridges built in the United Kingdom
since 1962. In this way results of direct value to the practising
designer were obtained quickly and formed the basis for the development
of laboratory and theoretical methods for the estimation of movements.
The main conclusions hitherto are summarised in this paper.

2. Early age movements

For the type of mix used in the United Kingdom, an expansion
normally occurs during the setting of the conerete up to the time of the
peak temperature of hydration, which is usually from 12 to 24 hours after
casting. This is followed by a thermal contraction in the hardened
concrete together with shrinkage dué to moisture loss. '

The characteristic temperature and movement curves are illustrated
in Fig. 1, which shows the results obtained from a selection of different
types of acoustic strain gauge in an insulated concrete block in the
laboratoryl. A flint-gravel aggregate was used with a water : cement
ratio of 0.k,

The shrinkage movements following the peak hydration temperature
are shown to be small but it is worth noting that the thermal contraction
of the concrete for the drop in temperature of 20°C following setting,
for a coefficient of expansion of 13 x 107%, was approximately 260 x 1076,
which is much greater than the shrinkage during the same period. It
follows, therefore, that quite small temperature changes in concrete on
the full-scale will produce comparatively large thermal strains between
one part and another, which could give rise to cracking a few days after
casting.

The full-scale condition is illustrated by the results from a large
reinforced cantilever?, having a cross section 2.55 m deep by 2.75 m wide
at the root, constructed on the ML Motorway at Chiswick London. Because
of the size of the cross section, the temperature at the centre rose more

Bg. 6 Schlussbericht
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rapidly than at the outside as indicated by the temperature curves

(Fig. 2). The strain gauge at the centre of the cross section, No. 11,
indicated a different stress pattern from the remainder which were around
the perimeter. During the first day the centre of the section tended to
expand more rapidly than the outside and gauge No. 11 indicated compression
as the centre was restrained by the remainder of the conecrete. During
cooling, on the other hand, tension is induced at the centre and compres-—
sion at the outside, as indicated by the remainder of the gauges. It is
likely that there was a residual tensile strain at the centre of the cross
section.

In contrast to the large thermal strains soon after casting, the
shrinkage strain due to moisture loss, was only about 30 x 10”% after
1 year from the time of cooling down following casting?.

3. Shrinkage arising from moisture lcss

On the full-scale structure, there is difficulty in separating out
shrinkaege from creep, while small specimens cast with a structure indicate
more shrinkage than the structure itself because of the size effect3’“.
On the Mancunian Way, a continuous prestressed concrete structures, a
precast segment, which was reinforced in the same way as the structure,
was instrumented with 23 acoustic strain gauges buried in the concrete
and left on an exposure site at the Laboratory to indicate shrinkage®.
The unit is shown in Fig. 3, together with the smaller specimen slabs and
columns used for more general studies of shrinkage and creep effects. A
limestone aggregate was used for the concrete with a water : cement ratio
of 0.38.

Curve 1 {(Fig. L) shows the mean movement of the unit which is
actually a small expansion over a pericd of 5 years from the time of
casting. Small specimens on the other hand, shrank up to 300 x 1078 on
outside exposure. It can be concluded, therefore, that the size effect
was large. However, for other aggregates on other structures, shrinkage
has been indicated in similar experiments. The readings for an unrein-
forced slab cast with the Western Avenue Extension, a new overhead road
in London, and having the same thickness as the root of the cantilever of
the structure, indicate a small shrinkage of about 20 x 10”° after one
year (Fig. 5). This is continuing. A sea-dredged gravel was used in the
concrete mix with a water : cement ratio of 0.38. The shrinkages of
small specimens, 508 x 102 x 102 mm, waterproofed in various ways (Fig.3),
are also given in Fig. 5. It 1s seen that the size effect is large as
the pesk shrinkage in an unwaterproofed specimen (curve 5) was 100 x 1076
in 1 year. The seagonal effect is shown, i.e. the tendency of the concrete
to expand in the winter following shrinkage in the summer. This effect is
also cbserved in full-scale structures. (Curves (2) and (3) in Fig. L;
curves (1) and {(2) in Fig. 7).

The results of a similar investigation for the new London Bridge’
are shown in Fig. 6. Readings from a slab 1.5 x 1.5 x 0.3 m cast with a
unit of the structure and reinforced in the same way (curve 1) are
compared with readings obtained in the unit itself (curves 2, 3 and 4)
and also with small specimens (curves 5, 6 and 7). For this concrete
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there is a greater tendency to shrink, the peak reading in the unwater-—
proofed specimen Being 240 x 107% in the first year following casting.
The mix included a greater fraction of sand than for the mixes for the
Mancunian Way and Western Avenue, which is likely to account for the
greater shrinkage8.

While it is a little early to predict the final conclusions for the
magnitude of shrinkage of full-scale bridge structures in the United
Kingdom constructed to British Codes of Practice, it is likely that this
will be in the range 50to 200 x 107% at 10,000 days with the possible
exception of limestone concrete, which maey indicate no shrinkage under
most exposure conditions. The small shrinkage values observed on the
full-scale as compared with other countries may be attributed to the mild
and humid British climate.

L {reep movements

A preliminary analysis of the records of total strain cbserved at
a section of one of the main cantilevers of the Medway Bridge has indicated
that the creep factor, following the method of DIN L227, is likely to be
approximately 2.0 at 10,000 days when the shrinkage is 100 x 1076,
Following the completion of the bridge the total strain for the top and
bottom slabs (curves 1 and 2 Fig. 7) show that the sum of the creep and
shrinkage is proportional to the logarithm of time, although it must be
remembered that the prestressing force is decreasing because of relaxation
in the prestressing bars. As the shrinkage of small specimens, _
710 x 152 x 152 mm, housed within the box girders of the bridge (curve 3),
is nearly equal to the sum of the elastic strain, shrinkage and creep for
the loaded bottom slab, it is confirmed that the size effect between small
specimens and the full-scale structure is large.

For the Mancunian Way (Fig. 4), a preliminary analysis shows that
¢ = 1.0 approximately at 10,000 days and again total strain appears to be
proportional to the logarithm of time. There was a static period during
the first winter but the low value of ¢ is attributed to the use of lime-
stone sggregate for the concrete. Flint-gravel was used for the Medway
‘Bridge. The preliminary analysis of the results from other bridges
suggests that @ is likely to be in the range 1.0-2.0 for the British
climate at 10,000 days.

5. Correlation of movements between small specimens and the full-scale

It has been found that small specimens kept outside are useful in
predicting movements on the full-scale as the effect of climate is allowed
for, although the movements in the specimens are larger because of the
size effect. To correct for the size effect, attempts were made to reduce
the magnitude of the movements in the specimens by waterproofing them.

In this way creep and shrinkage on the full-scale could be predicted by
loading small specimens.

Using specimens 508 x 102 x 102 mm, waterproofing was first
carried out by leaving strips untreated down two opposite faces in such a
way that the volume/surface area ratio was the same as that of the
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structure. It was found that these specimens moved more than the
structure (curve L4, Fig. 5). Waterprcofing was later carried out by
banding the specimens with a waterprocfing membrane around their centres,
in such a way that the depth of waterproofing was equal to the mean thick-
ness of the box sections of the bridge. This gave similar shrinkage
movements (curve 3 as compared with curve 1, Fig. 5 and curves 5 and & as
opposed to curves 1, 2, 3 and 4, Fig. 6). It was inferred that because
shrinkage movements were the same, creep movements in loaded specimens
would also be the same.

Having achieved similar movements in the specimens to those in the
full-secale structure, a method was devised for the determination of stress
in conerete structures®. Specimens were loaded in creep rigs (Fig. 8) to
give the same strain at all times as in an element of the structure by
inerementally adjusting the load in the rigs. The stress in the specimen
was then the same as that in the structure {Fig. 9).

6. Temperature Movements and Stresses

Temperature movement in bridges can be divided into two main com-
ponents. Axial movement along the neutral axis and rotational movement
caused by thermal bending. The resultant thermal stresses, f, developed
in a beam with the temperature, T, varying as a function of its depth,

T (z), is given by:-

f=oFk T(z) + % f « E T(z) blz)dz

+ % S« ET(z) p{z) z dz __n
where « = thermal coefficient of expansion
E = elastic modulus
T(z) = temperature change as a function of beam depth
A = cross sectional ares of beam
b(z) = Width of the beam as a function of its depth
I = second movement of area of the section about

the transverse axis through its centroid.

The datum for assessment of axial and bending thermal strains is the
strain distribution derived from the actual temperature distribution, and
is given by the first term. This implies that non-linearity of thermal
gradients introduces stresses which are algebraically summed with axisl and
rotational stresses.

The middle term, divided by E, determines the axial movement: it
disappears from equation (1) when axial movement is completely restrained.
The last term divided by E, calculates the rotational movement: it drops
out when the beam is restrained in bending. The full-scale investigation
has yielded the following general conclusions:-
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The thermal coefficient of expansion, determined from measurements
of movements at expansion Joints and the distribution of temper-—
atures in cross sections of bridge superstructures varied between
(7.5+1) x 1076 for the Mancunian Way (limestone aggregste concrete)
0 (13%+1) x 1076 per °C (Hammersmith Flyover, flint-gravel aggregate
concrete). Concretes having granite aggregates gave intermediate
values. Tests on small specimens gave a similar range of values.

Over a 24 hour period, the mean temperature of the superstructure
is lowest at 08.00 * 1 hour (GMT) and the overall length is a
minimum; the superstructure reaches its highest mean temperature
and maximum length at 18.00 + 1 hour (GMT).

The mean temperature of the superstructure at about 08.00 is usually
within * 3°C of the air temperature in the shade at the same time.
This is the only time when the bridge temperature correlates
regularly with the air temperature and this fact is worth noting
for setting bearings and expansion joints. Because of this
correlation it follows that seasonal and weekly fluctustions in
bridge temperature follow closely the changes in the mean air
temperaturel®. Also at this time the temperature is approximately
uniform through the superstructure. Because of thermal lag in the
mass of the bridge structure the diurnal range of concrete bridge
movements in the United Kingdom is unlikely to exceed the
equivalent of a 6° change in bridge temperature above the minimum
at 0800 hrs even when the diurnal fluctuation is 20°C above the
same minimum.

Both experimental and theoretical results indicate that the range
of extreme mean temperatures of the superstructure is approximately
the same as the range of extreme shade temperature in the same
areall. Tt should be emphasized that this conclusion applies only
to the extreme values and cannot be used to determine mean
temperatures of the superstructure at a particular time. However,
it does enable the range of longitudinal movements of a bridge in
a particular location to be calculated from the data on shade air
temperature for that location. The actual values for the range
will depend on the period to be considered in design and the
choice of period will be governed by the seriousness of the
consequence of failure. In the United Kingdom, main members of
the superstructure will usually be assumed to have a design life
of 120 years and it will be appropriate when guarding against
structural damage to consider what the extreme bridge temperature
range over this period is likely to be. For the south-eastern
part of the country, a range of -20°C to +40°C is not likely to be
exceeded. When dasmage due to temperature extremes is likely to be
confined to non-structural finishes or to components whose failure
have no serious consequences, then a shorter period of say 20 years
msy be acceptable. The correspondlng range of extreme mean
temperatures then becomes -15 °Cc to 35 %¢ for design purpose. This
introduces a probabilistic concept intc the specification of
extreme temperature ranges, but the amount of data available is
inadequate for a precise statement of probablllty of
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unserviceability or failure.

A theoretical method can be used for estimating extreme ranges of
mean temperatures of superstructures“. It can also be used for
predicting extreme temperature distributions and gradients across
a section of a box girder. The method assumes that the mean
temperature across a section is a minimum at 08.00 (GMT) and that
there is no temperature gradient at this time. These assumptions
are justified by the observations in paragraphs 6.1 and 6.2 above.
Starting from 08.00, the temperature distribution in the concrete
is then calculated for subsequent intervals of time by solving
iteratively the differential equation for the transient conduction
of heat within a solid. The boundary conditions at the upper
surface of the bridge deck are given by the energy balance between
incoming solar radiation, the heat transfer between deck surface
and the air, and the conduction of heat into the surface of the deck.
On the underside of the superstructure, the heat lost to the air
by convection is equated to the heat conducted into the concrete.
The heat exchange between the internal surfaces of the box section
is taken into account. To solve the differential equation
numerically, requires that the variation of meximum solar radiation
and maximum air temperature with time, for one day, is known and
that the absolute maximum for both occur on the same day. This
coincidence has not yet been recorded, so that there will be a
tendency for thermal ranges and gradients to be overestimated by
the theoretical method.

Rotational movements give rise to such effects as additional
longitudinal movements away from the neutral axis, e.g. on joint
sealants; the drooping of cantilevers; and the inducing of signifi-
cant hogging moments on hot days. The magnitude of thermal
rctationel movement is determined from the third term in equation
(1) and the resulting stresses for various degrees of restraint are
shown in Fig. 10 for a box section, on a very hot afterncon. In
continuous structures, the hogging tendency is restrained by
continuity at the supports, and this leads to the redistribution of
moments shown in Fig. 11. The resultant stresses, determined by
integration of equation (1), are shown for Sections B and C in the
same Figure. At Section A, conditions approach the distribution of
stress without restraints, shown in Fig. 10; whilst at Sections D
and E conditions approximate to the case of full restraint in
bending, with expansion allowed.

Experimental results and calculations indicate that the thermal
stresses in box structures, both longitudinally and transversely,
are nearly as large as the stresses induced by the design loading.
They may, therefore, have a significant effect on the design of
concrete sections and their reinforcement.
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Fig, 3: Unit from Mancunian way and creep and shrinkage specimens
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SUMMARY

Measurements of shrinkage, creep and temperature made on bridges in the U.K.
are discussed. It is shown that the magnitude of the thermal movements on setting may
well exceed that due to the later shrinkage arising from moisture loss. The creep
factor @ to DIN 4227, has been found to be in the range 1.0 to 2.0 at 10, 000 days and the
total movement was proportional to the logarithm of time. Correlation has been
achieved between small specimens and the structure by partially waterproofing the
specimens. The range of thermal movement in bridges is described and it is shown
that thermal stresses are sometimes comparable with stresses due to live loads.

RESUME

Les auteurs décrivent des mesures de retrait, de fluage et de température faites
sur des ponts au Royaume Uni. Ils démontrent que la grandeur des mouvements
pendant le durcissement peut bien dépasser ceux dfis au retrait ultérieur qui résulte
d'une perte d'eau. lLe facteur du retrait @ selon DIN 4227 se trouvait entre 1,0 et 2,0
a 10. 000 jours et le mouvement total était proportionnel au logarithme du temps. Pour
pouvoir faire une correlation entre les petites éprouvettes et la structure on a da
imperméabiliser partiellement les éprouvettes. On décrit 1'étendue du mouvement
thermique et on démontre que les contraintes thermiques sont quelquefois comparables
aux contraintes dues aux surcharges.

ZUSAMMENFASSUNG

Besprochen werden Kriech-, Schwind- und Temperaturmessungen an Strassen-
brieken in Grossbritannien. Es wird gezeigt, dass die Hohe der thermischen
Bewegungen wihrend des Erhirtens jene itbersteigt, die aus dem Schwinden infolge
Feuchtigkeitsverlust auftreten. Der Kriechmodul @ nach DIN 4227 ergab sich zu
1,0 bis 2,0 bei 10000 Tagen und die gesamte Bewegung war proportional zum Loga-
rithmus der Zeit. Korrelation zwischen kleinen Proben und dem Bauwerk wurde
durch teilweise Wasserdichtung der Proben erreicht. Der Bereich der thermischen
Bewegungen in Briicken wird beschrieben und gezeigt, dass die Spannungen durch
Temperatureinfliisse manchmal mit jenen aus Nutzlast verglichen werden kénnen.
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Mesures de température et de déformations sur un pont béati en encorbellement
Temperatur- und Verformungsmessungen an einer im Freivorbau erstellten Bricke

Temperature and Deformation Measurements in a Cantilever Constructed Bridge

ANTONIO CRESPO GIORGIO CROCI GIOVANNI MORABITO
Centro sperimentale ANAS Istituto di Scienza delle Costruzioni Universita di Roma
Universita di Roma
UMBERTO PERINETTI ALESSANDRO SAMUELLI FERRETTI
Direttore ufficio tecnico ANAS Istituto di Scienza delle Costruzioni
[talia Universita di Roma
Introduction

Le pont est realisé par une poutre continue sur gquatre appuis, avec portée
de 45 m, 90 m, 45 m. La section varie entre 3, 10 m de hauteur sur les appuis
intermediaires, et 1,80 m sur les appuis latéraux et au milieu (%)

I1 n'y a pas de poutres transversales, autre que sur les appuils; la se
ction est en caisson, ave quatre nervures longitudinales.

La construction se fait en encorbellement; comme les appuis sur les piles
sont realisés au moyen de rotules, on a placé un appui supplementaire en acier
4 5 m de distance de 1'axe
de 1'appui sur pile, pour
avoir les deux appuis ne-
céssaires pour la constru-
ction, avant que la travée
ait trouvé son support dé-
finitif sur 1'appui late-
ral.

Le systéme de précon-
trainte est realisé par des
c8bles de 1/2" de diametre,
systéme Freyssinet.

A la fin du mois de
Juillet on avait achévé 1la
prémiére moitié de 1'ouvra

ge, et on est maintenant en
train de partir de l'autre Fig, 1
coté du fleuve (Fig.1).

La deuxidme moitié de 1'ouvrage va 8tre betonnée et précontrainte suivant

(x) Le pont est sur le Tibre & 30 km environ au nord de Rome et est actuellement
en conatruction de part de 1'entreprise Baldelli.
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la m@me succession; le dernier voussoir va 8tre collé en correspondance de la clé
du pont & 1l'aide d'une resine epoxy & fin de permettre une précontrainte rapide
et de eviter que les mouvements thermiques rélatifs des deux consoles puissent en
dommager un béton frais,

Programme de récherches

On a pour but de contribuer & la détermination experimentale des parametres

.

suivants, nécessaires au calcul et & 1'étude du comportement de structures de ce
type:

1) rétrait local du béton dans 1'ouvrage dans des conditions de témperature et
humidité rélatives variables mais connues;

2) fluage local du béton d0 aux contraintes;

3) déplacements verticaux (fléches) consequent aux effects de 1'élasticité,du ré
trait, du fluage, de la relaxation et de la temperature;

4) distribution et variation de la témperature A 1'interieur de 1'ouvrage;

5) frottement dans les cébles.

Appareillage de mésure

Pour les mésures de déformation unitaire, on a rénoncé & 1'emploi de strain
gages €léctriques, puisque les mesures doivent se prolonger deux ans au minimum
et la stkbilité du zéro ne peut pas &tre assurée, notamment dans les défavorables
conditions ambientales sur un ocuvrage, hors du laboratoire.

On a ainsi preféré 1'emploi d'une jauge mécanique de déformation, le Tenso -
tast de Huggemberger, qui, en bonnes conditions peut assurer la mésure avec des
erreurs qui ne dépassent pas les 5 millidmes de millimétre.

Puisque la grandeur
des deformations locales
a mésurer est de 100 a
1000 millioniémes envi-
ron, et la base de mesu-
re est de 100 mm au maxi
mum (100 mm avec rallon-
ge) on a preparé des ral
longes en fer galvanisé
fixées au béton;comme on
voit a la figure 2:1la mé
sure se fait entre deux
réperes dont 1'un est fi
xé au béton et 1'autre
se trouve a 1'extremité
d'une barre solidale avec .
1'autre extréme; la con- Fig. 2
nexion entre les deux parties est realisée par un ressort laminaire en acier dur.

La base de mésure ainsi réalisée est de 1 m de longueur; on a la précision
voulue, aussi bien que 1'avantage de lire des informations en M/m.

Evidement il y a un certain effet de témperature, puisque la barre suit le
changement plus rapidement que le béton; on a vu que cet effet est suffisament pe
tit,
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Avec ces instruments, qui ont été perfectionnés avec des essais prélamanai-
res en laboratoire, avec de trés bons résultats, on mésure les grandeurs rélati-
ves aux points 1) et 2) ci-dessus.

Pour les mésures des fléches verticales on a employé deux techniques diffé-
rentes, se contr8lant 1‘'une 1'autre.

La prémiére, couramment employée dans les essais de ce type, est eelle du
nivellement de précision, soit sur 1'extrados du tablier, par stade er invar,
soit a 1'intrados avec appuis fixe de 1'instrument optique, et répéres fixés 2
la semelle du tablier,

Avec ces mésures on a deux désavantages:

- on doit employer deux operateurs, pendant plusieurs heures chaque fois;

- dans le temps qui est nécessaire a completer un nivellement, on a vu que la dé
formation due aux changements de température peut atteindre plusieurs millime
tres, surtout par beau temps, en plein soleil; de ecette facon on perd une gran
de partie de la précision de mésure.

La deuxiome technique a été mise au point expréa pour cette recherche et
pourtant a elle mé&me un certain intéret experimental.

On employe des vases communicants 4 mércure (Fig.3) dont le niveau est ob
servé soit a 1l'aide d'un jauge mécanique
a centiéme de millimétre, soit a 1'aide §¥;
d'un instrument électrique & 4induction, 7
qui commande par 1'intermediaire d'un am
plificateur, un enrigistreur a plusieurs
canaux.

On a choisi d'employer un double sy
steme de mésure afin de controler, pen-
dant la longue periode des mesures,la de
rive du zéro instrumental du systéme é1é

ctrique, qui, quoique réduite dans 1les
instruments de ce type, ne peut pas 8tre
considerée comme négligeable.

Le palpeur du jauge mécanique est a
baissé a la main sur une plagque en per-
spex, flottante sur le mércure; on est
sfir d'avertir le point de contact avec u
ne erreur qui ne dépasse pas les 3-4 cen
tiémes de millimétre, comme on & contrd-
1é préalablement en laboratoire.

La communication entre les différen

tes vagses est realisée par un tuyeam en
poliethiléne de 4 mm de diamétre interne,

Fig. 3

suspendu & la paroi d'une desa nervures
de 1'ouvrage.

La mésure mécanique se fait en plagant le jauge,i fur et & mésupe sur-les dif
férentes vases; la position du zéro du Jauge est controlée par des répéres soli-
dales avec la paroi de l'ouvrage.

Utle des vases est placé sur la pile, et 1'on rapporte au niveau de celle ci,
les mésures effectudes aux autres endroits,

La mésure de la témpérature est obtenue i 1'aide de thermecouples, et d'un
enregistreur multiple.

Bg. 7 Schlussbericht
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Les thermo couples sont placées & 1'interieur du béton a trois céntimetres
environ des surfaces.

On mésure aussi 1'humidité et la témperature de 1l'air 2 l'interieur des cais
sons,

Les pertes des tension dans les cfbles, lors de la précontrainte initiale ,
ont été mesurées a 1'aide de dynamometres placés entre la poutre en béton et le
verin aux deux extrémités des c8bles.

Les dynamométres ont été enlevés aprés mésure, et on a précontraint & nou
veau les cfbles.

La figure 4 répresente le schéma du pont et la distribution des instruments.

Prémiers résultats

Dans les diagrammes qui suivent sont consignés des examples des prémiers ré-
sultats, obtenus dépuis le commencement du bétonnage (janvier) jusqu'a 1'achéve -
ment de la premidre moitié de 1l'ouvrage (juillet).

La distribution des témpératures & l'intérieur du béton, mesurée pendant un
mois dans plusieurs endroits de la m#me section, est bien loin de la linearité sur
lahauteur de la section; de ce qu'on peut conclure que les variations Jjournalié-
res de la temperature provoquent des contraintes non négligeables méme dans des
structures statiquement détermindes.

Les déplacements verticaux (fléches), pendant la construction, ont suivi suf
fisamnment de prés les valeurs théoriques de calcul; il y a quelques différences ,
gque puissent s'expliquer, en partie, par le fait que les temps d'execution ont su
bi des rétards par respect 4 ceux prévus dans le projet.

De cela suit que les déformations visqueuses et de rétrait ont eu lieu pen-
dant une plus longue durée; d'autre part, le béton était moyennement plus durci
de ce qu'on avait prévu,

Les deux effets ne se¢ compensent qu'en partie,

Les dé formations locales de rétrait et fluage, compte tenu de celles élasti
ques, ont été gendralement plus grandes de celle de calcul (de 20-25% environ).

Le fluage et le rétrait ont été calculés selon les récommendations du C.E.B,
respectivement avec un coefficient ¢_= 1,8 et &= 3.10_4.

Dans le diagramme 6 est consigué la variation des déplacements verticsux,en
registrée dans les deux jours plus chaud de la saison coutante (5 et 6 adut).

De ce diagramme on observe la grande valeur absolue de la déformation thermi
que journaliére,

Les températures dans la sectlon, qul étaient presque uniformes (25° C envi-
ron) au lever du soleil ont enregistré une valeur maximum de 42,5° C & 1'extrados
du tablier, & 16,30 heures.

A la m&me heure, la témperature de 1l'air & 1'interieur du caisson était de
31° C.

Le bulletin méteo donnatt 37° C de température maximum 4 Rome,

A 16915 la configuration déformée du pont était celle indiquée, avec une fl&
che de 42 mm & 1'éxtremité de la console,

Une telle fléche serait provoquée par une charge de 35 tonnes, concentrée &
1'extremité de la console,

De teut cela gpeut or deduire que, specialement dans une structure hyperstati
que, telle que va devenir la poutre une fois achevée, les contraintes dues & la va
riation journaliére de tempéracure le long de 1l'hauteur de la poutre sont assez im
portantes.
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Les mesures de tension dans les clbles ont montré des pertes par frottement
trés elevées, dues surtout aux irregulierités de miseen oeuvre, consequentes au
systéme de construction; on a mesuré les valeurs suivantes:

- Clble lomgeur 74 m, tangente finale 5°: les pertes par frottement au milieu
sont 17% respect au valeur de mise en tension;

- Céble longeur 90 m, tangente finale 0°: les pertes sont 19%;

- Céble longeur 90 m, tangente finale 7°: les pertes sont 25%.

RESUME

On a mesuré les déformations unitaires, les déplacements verticaux, les tem-
pératures i l'intérieur du béton pendant les premiers six mois de construction d*un
pont en béton précontraint, sur le schéma de poutre continue 4 trois travées, bati en
encorbellement, Les déformations unitaires dues au rétrait et au fluage sont un peu
plus grandes que celles prevues. On a remarqué la grande sensibilité de la structure
aux distributions non uniformes de la température sur la hauteur de la section.

On décrit 1'appareillage qui a été étudié pour ces mesures.

ZUSAMMENF ASSUNG

Es wurden die Dehnungen, die vertikalen Verschiebungen und die Temperaturen
im Beton wihrend der ersten sechs Monate nach Fertigstellung einer im Freivorbau er-
stellten Spannbetonbrucke mit drei Feldweiten gemessen. Die Dehnungen, die durch
das Kriechen und Schwinden verursacht werden, waren etwas hoher als vorgesehen. Es
wurde eine bedeutende Empfindlichkeit gegeniiber nicht gleichmissigen Temperatur-
dnderungen iiber den Querschnitt festgestellt.

Es werden 4m einzelnen die eigens fiir diese Forschungen entwickelten Instrumente
beschrieben.

SUMMARY

Measurements of strain, temperature and vertical deflection were carried out for
six months after the construction of a three span, prestressed concrete, cantilever
constructed bridge. Strains resulting from creep and shrinkage of the concrete were
slightly larger than the design values. The measurements were found to be particularly
sensitive to non-uniform variations in temperature over the cross section.

Details of the special instrumentation are given.



Creep Effects in some Arch and Cantilever Bridges
Effets du fluage sur quelques ponts en arc et en encorbellement

Kriechwirkungen in einigen Bogen- und Freivorbaubriicken

J. FERRY BORGES J. MARECOS J. TEIXEIRA TRIGO
Associate Director Head, Division of Observation of Structures Research Officer
Laboratorio Nacional de Engenharia Civil, Lisbon
Portugal

1 — INTRODUCTION

The techniques followed by the LaboratSrio Nacional de Engenharia Cf
vil for the observation of structures, mainly bridges and dams, have been
published at several instances (1 to 6), The present paper simply calls the
attention to the techniques used for the measurement of strains and stresses,
particularly taking into account the effects of creep.

For the accurate measuremem of strains and stresses in reinforced
and prestressed concrete structures accoustic strain gauges embedded in the
concrete are used. These strain gauges have cylindrical body and heads and
total lengths varying between 21 and 34 c¢cm., They yield accuracies of the
order of 5 x 107, (4)

When measuring strains the main difficulty consists in distinguishing
the part due to stresses from the part due to shrinkage and temperature.
Also the evolution of the mechanical properties with time - creep effect ~is
in general difficult to follow and to interpret. In order to overcome this dif
ficulty the strain gauges are embedded in the structure at three different

conditions: i) active gauges, ii) compensating gauges and iii) controlled
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gauges, fig. 1.

The active gauges measure the total strains in the structure. The
compensating gauges are introduced inside double wall cylindrical boxes, built
of thin copper sheet. Thus they are subtracted from the action of stresses.
The controlled gauges are also inserted into similar double wall cylindrical
boxes. However metallic cushions filled with oil placed at the top of the
boxes allow to apply known stresses on the concrete cylinders where the
strain gauges are embedded. By controlling the pressure of the oil in the
cushion, mechanical tests of the concrete inside the structure, particularly
creep tests, can be performed.

By the simultaneous use of an active and a controlled gauge it is even
possible to perform a direct measurement of stresses, not involving the
knowledge of the mechanical properties of the concrete. In fact, if the pres
sure of the o0il in the cushion is varied in such a way that the strains
indicated by both the active and the controlled gauges are permanently equal,
the pressure applied corresponds without further corrections to the existing
stresses,

In practice instead of varying the pressure on the controlled gauge it
is preferable to apply a comstant pressure, which correspondsto performing
a creep test. This procedure, as compared with the usual technique of
performing creep tests in the laboratory, has the great advantage that a very
close similitude between the conditions around the active and the controlled
gauge is automatically obtained. In this way, the creep corrections to be
introduced in the active gauges can be very accurately computed. Thus the
overall accuracy of the results is great, as shall be seen.

In order to reach this high accuracy, the thermal and hygrometric
conditions around the active, the compensating, and the controlled gauges
must be as similar as possible. Consequently, in the case of structures
formed by walls, the cylindrical boxes indicated above are substituted by
simple thermal and hygrometric insulations, as indicated in fig. 2.
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2 — RESULTS OF TESTS

Figs. 3 to 5 show the results of creep tests performed in three bridges:
two arch bridges and a prestressed cantilever bridge. These creep tests
refer to controlled gauges and were run during periods varying from 500 to
2000 days.

The creep tests at Abreiro bridge were performed from 1956 to 1958,
during 900 days, by applying a constant stress of 45 kgf/cmz, fig. 3.

The creep tests at Arrabida bridge were performed in 1962 and 1963,
during 500 days, by applying a constant stress of 80 kgf/cmz, fig. 4. The
measurement of strains and displacements is still being continued at the
present date, However the creep tests were discontinued in 1963 due to
rupture of the metallic cushions of the controlled gauges.

The creep tests at the north viaduct of the Tagus River bridge started
in 1964 and are still in progress. The results presented refer to a period
of about 2000 days. The stress applied is 100 kgf/cmz, fig. S.

Fig. 6 indicates the results obtained by a group of strain gauges at
section S of one arch of Arrabida Bridge. As can be seen the creep test
was performed at a stress near to the one due to the applied loads.

The diagrams of the evolution of strains, shrinkage and creep in the
prestressed viaducts of the Tagus River bridge are presented in (6).

Table I indicates for the differemt bridges: the mean value of the
resistance of the concrete at 28 days, obtained by testing 20 cm cubes; the
instantaneous modulus of elasticity; the creep coefficient corresponding to
500 days, "Pe; and the 500 days modulus of elasticity, obtained by dividing
the instantaneous modulus of elasticity by 1 + \Pe'

The creep coefficient relates the strains due to creep €& £ with the
instantaneous ones due to the applied stress, E.o . Linear creep is thus as-
sumed.

The number of compression tests performed, from which the indicated
mean values were computed, varied from about 20 in the case of Abreiro
bridge to several hundred in the case of Arrabida bridge.

It is interesting to compare the results presented in Table I with those
that would be obtained by using the expressions recommended by FIP-CEB (7).
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Assuming that the experimental modulus of elasticity, Ee » corresponds
to the secant modulus, Es , as defined by FIP-CEB, R12,222 and that this
last one is 10% lower than the tangent modulus, Et ; adopting expression

Et = 21000 Rb

where Rb_ is the resistance in cylinders expressed in kgf/cmz; and further

taking this resistance as 0.85 of the resistance in cubes Rbc ; it comes

Es = 0.9 x 21000 0.85 RI')(: = 17500 J Rl'ac

The values of Ee , Es and Es/Ee are indicated in Table II.

For Arrabida and Tagus River bridges the computed values differ
respectively plus and minus 8% from the experimental ones. In case of
Abreiro bridge the computed value is 369 higher than the experimental one.
It must be referred that in this case the modulus of elasticity considerably
increased in time and reached the mean value of 2.7 x 105 kgf/cm2 at the
age of 300 days.

As regards creep, FIP-CEB Recommendations give the creep coefficient

\Pt by the product of S coefficients
\g - kc 1(d kb 1(e kt

which, respectively, consider

kc - relative humidity of the air

k 4 - age at loading

kb - amount of cement and water/cement ratio
ke - fictitious thickness

k_ - time and fictitious thickness.

t

For the cases under consideration these coefficients take the values
indicated in Table II and lead to the values \?t also indicated in the same
table. The agreement between computed and measured values is very good
for Arrabida and Tagus River bridges and poor for Abreiro bridge. Attention

is called to the fact that in this case the coefficient kt (influence of
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time) takes a very low value due to the great thickness of the arch, about
100 cm,

In all the cases, the stresses at different sections of the bridges were
computed by using the results of the active gauges, duly compensated by the
controlled gauges.

In Abreiro bridge, the accuracy with which it was possible to compute
the stresses was fairly good. However, due to technique improvements this
accuracy was considerably increased in Arrabida and Tagus River bridges.

For instance, in the case of Arrabida bridge the axial forces computed
from the measured stresses satisfy the conditions of equilibrium with
a mean error of 2% and maximum errors of about 4% . In this bridge a total
of 214 gauges were used to determine stresses at 8 sections. It is interesting
to note that due to creep there was an important evolution of the bending
moments in the sections of the arches. The evolution in time of the
displacements agrees with the measured evolution of strains.

As is well known, creep effects are very important in cantilever
prestressed concrete bridges. The measurements performed at the Tagus
River bridge allowed an understanding of the general behaviour of the
structure and contributed to an accurate forecasting of the evolution of the

cantilever displacements in time,

3 — CONCLUSIONS

For studying the behaviour of reinforced and prestressed concrete
structures accurate measurement of strains and stresses is needed. The
measurement of stresses is particularly difficult due to creep effects,

Thus, for the observation of structures, the simultaneous use of active,
compensating, and controlled gauges is advisable, the last ones allowing to
perform compression tests, particularly creep tests, in the structure,n just
the same conditions as those under which the other gauges are operating.

The results on creep obtained at Arrabida arch bridge and at the
prestressed cantilever viaduct of Tagus River bridge agree closely with the

creep expression presented at the "FIP-CEB Recommendations”.For Abreiro
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bridge the agreement is much worse.
In these three bridges the measurement of stresses was performed along
several years with high accuracy. The verification of equilibrium conditions

allowed to check this accuracy.
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NORTH VIADUCT OF TAGUS RIVER BRIDGE%
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SUMMARY

The techniques followed at LNEC, Lisbon, for the in situ measurement of strains
and stresses in reinforced concrete structures are briefly described.
The results of creep tests performed in three bridges are presented and

interpreted.
Attention is called to the advantages of performing creep tests in the bridges using

controlled gauges.

RESUME

On décrit sommairement les techniques suivies au LNEC pour mesurer in situ les
déformations et les contraintes des ouvrages en béton armé.
Les résultats des essais de fluage effectués sur trois ponts sont présentés et

interprétés.
On souligne les avantages d'effectuer des essais de fluage i 1'aide d'extensomeétres

contrdlés.

ZUSAMMENFASSUNG

Es werden die Verformungs- und Spannungsmessungstechniken kurz beschrieben,
die im LNEC, Lissabon, flir Ortsmessungen angewandt werden.

Die an drei Briicken durchgefiihrten Kriechversuche werden dargestellt und aus-
gewertet. _

Es werden auch die Vorteile hervorgehoben, die sich aus mit kontrollierten
Dehnungsmessern durchgefiihrten Kriechversuchen ergeben.



Measurement Results on Behavior and Effect of Temperature Change on R.C. Structure

Résultats des mesures du comportement d‘une structure en béton armé, et influence du
changement de température

Mefiergebnisse Uber Verhalten und Wirkung von Temperaturwechseln in Stahlbetonbauten

HISAO TAKAHASHI YASUO NAKAJIMA
Dr. of Eng. Engr.
Chief Building Material Sec. Building Material Sec.

Engineering Research Laboratory
Ohbayashi-Gumi, Ltd.
Japan

Introduction

This report comprises the results of measurements and analyses of temperature
changes and behavior (movement) made on the roof slab and frame of the General
Testing Laboratory of Ohbayashi-Gumi Engineering Research Institute.

Construction of the laboratory was completed in December 1965. Measurements
of changes in temperature distribution and behavior of this building were commenced
in May 1967 and are being contined even now.

At that time the measurement were started, there were frequent occurrences of
trouble with waterproofing on roof slabs and judging it of value to conduct inves-
tigations on actural building in order to eliminate this trouble, it was decided to
carry out the femperature change and behavior measurements described. Although
emphasis was laid on measurements at only. The roof siab in the beginning, it was
realized that a solution could not be obtained unless the accompanying behavior of
the frame was known, then a change was made mid-way in the program to include
investigations of the frame.

The Institute is situated at suburbs of Tokyo at lat. 35°47' N and long. 135°03'E,
approximately 40km northwest from the city center. Photo.l shows a bird's eye
view and Fig. 1 is the layout of the laboratories which is at a location where urbani-
zation has not progressed relatively. As can be seen from these illustrations there is
not very much shading by buildings and trees, and especially with regard to the build-
ing under observation the sun shines evenly on it with results showing a uniform
amount of sunlight on the surface of the roof sl ab, a condition found extremely good
for carrying out measurements.

The building on which measurements are being made is the General Testing
Building A in Fig. 1, divided into four sections by expansion joints. Measurements
reported herein were performed on the block marked [&==< . Briefly described,
the building consists of precast concrete curtain walls (SHOCKBETON), floor slab
concrete finished with vinyl acetate resin coating and ceilings of plaster board
finished with paint.

The roof waterproofing consisted only of a coating about 0.5mm thick of
chlorosulfonated polyethlene (hypalon) which was considerably deteriorated at the
time measurements were begun so that concresfe was in a condition close to total
exposure.
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Heating and cooling of the interior are carried out with package type air
conditioning units placed at several locotions within the building.

Results of Measurements of Temperature Distribution and Behavior

Fig. 2 gives the beam plan and section of the building in which locations of
temperature and strain measurements respectively are indicated.

(A) Measurement of temperature distribution change .

(1) Roof slab temperature change within day.

Examples of the conditions of change at the surface and concrete in the
roof slab for sunny and cloudy weather are in Fig. 3. Temperature changes are
indicated for every two hours, the min. temperature found to occur at around.

6 a.m, heat being stored until max. are reached at 2 to 4 p.m. It should be noted
that cemented excelior boards are fixed to the underside of the roof slab of this
building.

(2) Temperature changes of roof slab, beam, column and tie-beam within
day.

The temperature changes at the centers of the verious members are indi-
cated in Fig. 4, _In summer according to this figure, tie~beam shows no change
while Column @ to the east side is struck by sunlight from around 5.00 to 6.00
A.M. so that its temperature is raised. From 8 a.m. the temperature drops {ap-
proximately 79¢) due to air~conditioning in the interior and is maintained evenly
until around the time (5 p.m.) when ceoling is shut off after that the temperature
begins to rise again. Beam (8) is not affected by cooling, but its teamperature
difference with tie-beam being appreximately 5 to 7°c while the differeace with
the center of the dab is approximately 109¢c.

These temperatures were noted with outomatic recorders connected by lead
wires to thermocouple and the thermocouple shset (copper-constantan) embedded
in holes drilled into concrete at the various locations indicated in Fig. 3 and
Fig. 4.

(B) Measurement of stmin change and its results.

The places at whichstmiin change wes measured were the 6 locations numbered
1 through 6 in Fig. 2. As can be seen from the beam plan there are beams at the
middle of girders in span direction, the intervals being 3.40m while the spacing
befween girders ara 7.20m, there belmg 7 spans. The plan is a rectangle 50.40m
(ridge direction) x 14.40m (spen directien).

Although displacement should be measwred for girder span, since it _Was dif-
ficult to obtain zé fused-quartz glass tubes for 7.20m long at that time, meas~
urements initiated to made on 3.60m that is one-half of spen.

Details of device of strain measurement are given in Fig. 5. Phte. 2 shows
the manner in which this epparatus is instelled. In this method, quartz glass tube
with a measurement length of 3.60m is used with other end fixed and another end
free, a differential transformer being mounted to the free end through which au-
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Table 1. Typicol values (dl 8 Al) at 6:00 ond 16:00
o'clock on the every season (1968~1969)
SPRING(I?GB)’ SUMMER (196BYAUT S6B][WINTER (1969)
> (25 MAY L (1 AUG) (1 NOV. (15 JAN.)
T dl mm| Al dl mm | Al dl mm | Al [ dl mm | Al
%] 1600 6.00| ™M neooﬁsoo mm [1600| 6.00| ™™ [1600| 6.00| ™™
NO. 1 OOTT 079 162 0.88] 014 1.48|-034|-1.08| 148 |-0BI [-143 | 1.24
NO. 2 | 007 -068| 150 069 021 096-030-095 1.30 |
NO. 3054 0 108 o ¢
NO. 4 | 002 067 138 06? 025 0.84 -040-092 | 104 '-0.78 =118 | 0.80 ’
t T i
NO. 5 0,64 0.25|0.78 -0.03-054 | 1.02(-0.48 -0.85| 0.74 i
NO. & 0‘9010.19 1.42 -0.42]—1.12 142 -04921-1.46 1.08 %:i :
Temp. °C | 36.7 14.1. 42.7] 262 220/ 76 105/-2.0 ]
Time of measured standard is am. 800 25 July 1968 and temperature
is 28 °C.
The dl is values of actual meosurement for L=360m Photo. 4 Crack width of opening
The Al is displacement between one day in the cace of caluculated » di
volues as L=7.20m up by recording paper

The temperature is position intc concrete below 6cm from surface.



HISAO TAKAHASH! — YASUO NAKAJIMA 119

tomatic recording is carried out. Since the differential transformer is easily
affected by heat, an insulating case of urethane is provided around it (see photo. 3)
to eliminate the influence of heat while moreover a dummy is provided for making
corrections.

Fig. 6 gives the results of measurements made on the locations from No. 1
through No. 4 employing this apparatus. It can be seen from this figure that there
are great changes in strain at the outer end portion. The temperature changes at
the center of the concrete roof slab also recorded showing strain to vary accompanying
temperature changes at that time.

In this amount of strain, since five years have elapsed from the time of comple-
tion of the building, minute cracks have been formed and all factors such as drying
shrinkage, creep and thermal behavior are needless to say contained in the figures.

Temperature changes and strain changes for 10~day periods of each season
(summer, autumn, winter) in illusirated form are as given in Fig. 7. Representative
values by season taken from this figure and sought as behavior instead of strain
quantities at 0600 and 1600 hours are shown in table 1.

(C) Measurement of crack width.

Setting the matter of crack formation lay aside, the behavior in widths of
cracks already formed were measured. Crack were found to be around 0.5 mm in
width. The location of the crack is shown in Fig. 8. Strain mreasurement apparatus
were installed astride these cracks with gage lengths of 10 ¢cm and the behavior
recorded. As areference, the strain in Span No. 3 was also measured. The behavior
of the two are given in Fig. 8. From this it is seen there is no effect on span strain
although crack width is contracted when the concrete is expanded. During seasons
of daytime outdoor of above 30°C the crack try to open up in the night-time (around
2100 to 2200 hours) when heat is being released, but are resisted by bond of rein-
forcing steel so that an equilibrium condition is maintained — when the equilibrium
can no longer be maintained the phenomenon of an instantaneous opening up is seen.
Although the amount of this opening up is about 0.12 mm it is believed local stresses
are of considerable magnitude in comparison with the length of the opening measured.
Photographic evidence of this record is shown in Phto. 4.

Analyses by Thermal Stresses of Frame

Calculations based on thermal stresses were made for the time being assuming
the frame to be elasticity. The cross sections of the various members are indicated
in Fig. 9. Based on these and assuming a difference of + 30°C with the standard
temperature, stress and deformation are sought as shown in Fig. 10, where
E =2.1 x 105 kg/cm? and coefficient of thermal expansion of concrete X = 1.2
x 103 m/m°C. Asa reference, the stress employed in designing is also given, the
calculation being made for seismic coefficient of K = 0.2. .

From the results it is seen that thermal stresses are large when there is a tem-
perature difference of 30°C.

Next, for crack formation at outer columns, inner columns and outside and
inside ends of beams, reinforcing steel strain of 0.1%, and at yield of reinforcing
steel, the bending moments and curwvature of the various members were sought and
are given as shown in Table 2. The relationships of bending moment with curvature
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are indicated in Fig. 11. From these it is seen there is slight lowering of rigidity
in columns, but a tendency for considerable lowering in beams.

From the calculation results it is seen that the first cracks are produced at the
foots of columns, and the temperature difference sought from these calculated values
is 2.39C. In other words, this frame will enter the plastic range if o temperature
difference of more than 9.30 C occurs and the siresses in Fig. 11 will be more or
less changed.

The assumptions used in the calculations were:

Yield point of reinforcing steel: sy = 3,000 kg/cm?
Yield strain of reinforcing steel: s€y =0.142%
Young's modulus of reinforcing steel

parallel to & axis ofter yield: (E =2.1x 106 kg/cmz
Concrete strength: cBp = 200 kg/cm2
Strain of concrete: cEp =0.2%

Closure

This study was made to seek siresses from elastic analyses stressing actual
measurements with cross-sectional properties of the various members examined for
elastoplasticity, In future studies it is necessary for elastoplacity of the frame to
be investigated for further clarification.

On the other hand, from the above results, when designing is carried out for
waterproofing of roof slabs where heat is transmitted directly down to concrete it
becomes necessary for stress analyses to be made considering the thermal properties
anticipated of the various members of the frame:

As a method of waterproofing, it is observed that the temperature of concrete
is maintained at a relatively constant level throughout the year if insulating
material is inserted between the waterproofing and concrete and this is shown in
Fig. 12. For comparison purposes, a case of rubber sheet waterproofing with no
insulating material is also indicated.

In order to understand basic matters, besides drying shrinkage tests of concrete
conducted in the laboratory, it is strongly felt that gaining a grasp of the physical
properties of concrete members under various circumstances applying temperature
factors corresponding to outdoor and indoor and indoor temperatures to concrete
specimens is a matter of great importance.

In closing, the authors wish to express their deepest gratitude to Prof.
H. Umemura of the University of Tokyo for his guidance in conduction of the tests.
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SUMMARY

The behavior of expansion and contraction of a reinforced concrete building
have been measured from May 1967 and is being continued still now., The results of
observations showed that behavior of R. C. structure was related to the temperature
changes in concrete, and the instantaneous increasing of crack width was observed in
night-time especially when outdoor temperature of daytime raised more than 30°C.
Some other analysis were examined on the observed data, »

RESUME

On a effectué des mesures d'extension et de contraction sur un batiment de béton
armé i partir de mai 1967, Les résultats des observations montrent que le com-
portement de la structure de béton armé est 1ié 4 la variation de la température dans
le béton. En particulier, quand la température de 1'air extérieur dépassait 30°C de
jour, on a observé de nuit que la largeur de la fissure augmentait. On a tenté
1'analyse des résultats des mesures.

ZUSAMMENFASSUNG

Seit Mai 1967 wird das Verhalten der Ausdehnung und des Zusammenziehens eines
Stahlbetongebidudes gemessen, Die Beobachtungen zeigten, dass das Verhalten des
Stahibetongebidudes in Beziehung zur Temperaturidnderung im Beton stand. Insbesondere
wurde eine Zunahme der Rissweiten in der Nacht beobachtet, wenn die Aussen-
temperatur tagsiiber iiber 30°C gestiegen war. Weitere Untersuchungen aufgrund der
beobachteten Werte wurden vorgenommen,
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Measurements and Observations of Creep and Shrinkage in Prestressed Reinforced
Concrete Bridges

Mesures et observations des effets du fluage et du retrait sur les ponts en béton
précontraint

Kriech- und Schwindmessungen sowie -beobachtungen an Spannbetonbriicken

HIDEQ YOKOMICHI HISASHI OHSHIMA

Dr. Eng., Professor Research Engr.
Faculty of Engineering Civil Engineering Research Institute
Hokkaido University Hokkaido Development Bureau

Sapparo, Japan

l. Introduction

The "Prestressed Reinforced Concrete (PRC)" system (1) is
defined as a system in which relatively small prestressing forces
are introduced inte reinforced concrete (RC) to reduce the oper-
ing of cracks., In this case, the RC is designhed to have the
required safety factor against collapse. The conditions to be met
for tolerable crack opening in PRC is the same as that in RC, 1In
other words, PRC is a partially prestressed concrete with steel
reinforcements,

The term "Prestressed Reinforced Concrete (PRC)" was pro-
posed by the senier auther's team in 1961 to distinguish PRC from
the full or limited prestress system used to date. The main dif-
ference between the two systems is as follows; the basic system of
PRC is reinforced concrete while that of PC is plain concrete in
the absence of presiressing forces,

In this paper, the behaviors of creep and shrinkage in PRC
system is discussed on the basis of the proposed method of
analysis and mesurements on Kamihimekaws bridge which was designed
as the proposed system.

2, Derivation of the Equations for Creep and Shrinkage Stresses
in PRC system

The following equations aré ebtained for creep and shrinkage
stresses in PRC system which section has comparatively large
gsectional area of tendon.
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;(‘Ep ) (rcpo‘*' (UEH)f
B (Fepde= Gepo+ (Fesp) +

Fig. 1 concrete stress at time t.

Concrete stresses at timo t are shown in Fig. 1 and concrete
strain due to creep and shrinkage at the position of reinforcement
for 4t time can be expressed by

{(0a)t 2c 4200y dy

on the other hand, the axial stress due to the restraint of
rainforcements can be obtained as follows:

—{ (Ces)t +wEc/yp} dy

In the smilar manner, the following equations can be derived
at the pesition of tendon:

o (Teght /g + Pssf{rzs)t + Ec/4} +olfs'p{(0“cp)t+wEa/cf}=o }(1)
A (ﬁf)%(y +"<F51((ﬂ?>s)t +u Ec/?’} tApp { (0 ep) £+ Ec/qf}—o

where ogs=—nAs/A; (/+€;/£z ), ol,sf -/’LPA}?/AL (I‘f'es*e}’ /ff) (2)
olP,s’g’nAﬁ A‘,L (I—I—e;e,,/f;)’ Ozfr = /:A/?/Ai (/‘}'{; /pf‘: )

where f; is radius of gyration about Ai.
Substituting the initial conditions that (¢g). ;= 7%so
and (fzp)t.s=0%p o into Eg.

_ A
Tis=kKie "V +K, 21— Eefp 0?,=K;€ZH<4 &> wEc/y
0255'— 0:;9 —Jcso h) chay"ccf’—m'rf° 3)
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s et T )
K“::A%E {(a+ olpp)(Tece +¥ Eefy ) —Psp (Tepo+W Ee/g

£ (4-)
K2='-i‘1__ﬁ {(B-l—olr):)(%,co +W'E&/go )—dIP(Tcra +W‘}:c/y:)}

K@ﬁl_n ((A +d—$$‘)( o\crg ‘*—w Ec/q) e 0{-}7;(/‘&;0_'_ w‘fc/so)}
K‘*’;—}ﬁ (B-+igg) (Topo +ar Ecfip ) — P8 (PesotwEc/g )]}

Solving for steel stress

4
vsg = —| 7] U= Tt wEef) — sy CreptoEefy) | ot

There results
Tsp == 7 I—As8) T — 2P T2 _
Tpp = 7p (J—ddpp) T2 —7pdps I ($)

4 s
mere =Ko ()o M)y K201 T, =K1 0- &%) 1408

The increment of radius due to creep and shrinkage can be
expressed as

m
{ M/Ey — 075’7}—;,} /( &-¢)

Therefore, the deflection and the angle of slope are obtain-
ed by integrating the above term throughout the span length.

The above derivations are based en the uncracked whole con-—
crete section,

However, for the cracked sections, the deflection and the
increment of radius due te creep and shrinkage can be also ob-
tained by substituting the section modulus and stresses, computed
from the concrete section with the neglected tension zone, into
above equations, ‘
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3+ Kamihimekawa Bridge

The Kamihimekawa bridge is the first PRC (prestressed rein-
forced concrete) bridge coastructed in Japan.

The bridge has the main span length of 48m forming a
-shaped rigid frame structure with the total span length of 80m.
The carriageway is 7m wide and horizontally curved with the radius

of 400m, Fig. 2.
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Each half span and the cantilever girder were constructed by
successive=corbellings from the piers in a symmetrical manner,
The static calculations of

the structure were performed for the iwo states of structural
systems, i.e. a system of cantilevers during the construction and
that of rigid frame after closing.

The structure was designed as a RC system, using 32mm cold-
twisted bars of steel SDC 40 as the main reinforcement and con-
crete of 05=360K/,.» quality for the main girder and 033 =210 for the

piers,

The total of 470 ton of prestressing force were longitudinal-
ly introduced during the corbelling coanstruction te the pertions
of deck girders of 22m length in erder to control crack widths,
Fige 2, The prestressing was performed in accordance with the
Leoba system in the two webs of box girder by means of presitres—
sing tendons which consiat of 6 x S66 (1648) and 2 x S24 (1245)

The super structureg was built by ceorbelling in successive
stages without centering., The length of the successive advances,
which numbered 20 in all, was 3.0m. In accordance with the pro-
gress of the girders, the non-prestressed main bars £32 were
screwed to the next bars of 6m length by means of FY-couplers,

The FY couplar is & specisl type of screw-threaded coupler
which was developed by the senier author's team and experimentally
tested to ensure the transmitting of the entire strength of the
bar to be joined,

The main structure was completed in Nevember, 1965 and the
bridge wasg opened to traffic in June, 1966,

Bg. 9 Schlussbericht
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4. Measurements of Creep and Shrinkage in Kamihimekewa Bridge

The strain due to shrinkage are measured at the section D-D
of side span, shown in Fig. 2, where the prestressing force is

not intraduced.
Fig. 3 shows the results of the investigations on shrinkage.

The dotted points indicate the calculated values and folded
lines show the measured values,

0
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Fig. 3 &KX at section D—-D
&é . elastic strain

Ey > creep  strain
Ewr . shrinkage strain

The shrinkage sirains ebserved for the first three months
are greater than the calculated ones, since the developments of
shrinkage is almost same as the assumption that £:=13 x 10~5.

Fig. 4 shows the total value of elastic creep and shrinkage
st rains, and Fig. 5 showw the total value of elastic, creep,

shrinkage and secondary strains.
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Fig. 4 &k + ng + € at section E-E
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The observed final values are almost same as the calculated
value based on the assumptions that{,=2.5 and £g =13 x 1072,
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Fig .5 &é + £50+ 8«) at  section A—-A
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132 . | — CREEP AND SHRINKAGE IN PRESTRESSED REINFORCED CONCRETE BRIDGES

SUMMARY

The behaviors of creep and shrinkage in PRC system is described on the basis
of the proposed method of analysis and measurements on Kamihimekawa bridge which
was designed and constructed as the proposed system.

RESUME

On décrit les influences du fluage et du retrait dans le béton armé précontraint
(PRC), sur la base'des calculs et des:mesures du pont de Kamihimekawa congu et
exécuté selon le systéme proposé.

ZUSAMMENF ASSUNG

Beschrieben wird das Kriech- und Schwindverhalten in bewehrten Spannbetonbauten
aufgrund eines vorgeschlagenen Rechenverfahrens sowie Messungen an der Kamihime-
kawa Briicke, welche nach diesem Verfahren entworfen und ausgefiihrt worden ist.
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