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Infiuence of Creep and Shrinkage upon Cracking and Deflection of Lightweight
Reinforced Concrete Beams

L'influence du retrait et du fluage sur la fissuration et la déformation des éléments
fléchis en béton léger armé

Der Einfiluss des Kriechens und Schwindens auf die Rissebildung und die Durch-
biegung von bewehrten Leichtbetonbalken

IGOR TERTEA TRAIAN ONET MARIETA BEURAN
Prof. Dr. Eng. Eng. Eng.
Polytechnical Institute of Cluj (Rumania)

1. OBJECT OF INVESTIGATION

An experimental investigation was planned to study the
behaviour in flexure of beams from lightweight reinforced concrete
under sustained load. Two series of simple span rectangular beams
were tested. Simple reinforced beams (Series 1) were tested to
study the influence of the load level on the cracking and defor-
mation of beams. Double reinforced beams (Series 2 ) from light-
weight and gravel concrete, for comparing the results, were
investigated to follow the influence of compressive reinforcement
on the cracking and deflection of beams in the range of normal
working loads.

2. EXPERIMENTAL PROGRANM

Test specimens. All the beams were 320 cm long, having a
10 x 15 ¢m cross section. The longitudinal reinforcement used in
Series 1 consisted of mild steel bars, having a yield point of
about 2600 kg/cmz; the longitudinal reinforcement used in
Series 2 consisted of deformed bars, having a conventional yield
point of about 3700 kg/cm?. The vertical stirrups were distri-
buted along the outer thirds of span for the beams of Series 1
and along the entire length of beam for the specimens of Series 2.

The principal characteristics of the test beams are given in
Table 1 and Table 2. Typical details of the beams are shown in
Fig.1l.
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Fig.l. Typical details of test beams
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TABLE 1. BEAM CHARACTERISTICS OF BERIES 2

I — INFLUENCE OF CREEP AND SHRINKAGE UPON CRACKING AND DEFLECTION

Concrete properties after 28 days
M Tensile
Mark | — stoel Bulk Compressive | Flexural | Elastlc Aggregate
Mu ratio density strength strength modulug
P kg/m5 kg/cm2 kg/cm2 kg/em
A 11| 0,25 .
Al;2]|o,5%]| 0,33 1720 249 41,6 191,000
Al.3]0,75
A l;4]0,25 .
A 1;5 0:50 1,00 1728 254 36,7 185,000 °x§§§§Pd
A1.6|0,75 .
A 1;7 | 0,25 '
A 1:8 | 0,50] 2,00 1766 269 38,5 205,000
A 1:9 0,75
B 1:1} 0,25 . expanded
B 1.2 | 0,50 1,00 1860 222 47,5 202,000 |blastfurnace
B1l.3]0,75 slag
¥ = bending moment M, = ultimate bending moment
TABEL 2. BEAM CHARACTERISTICS OF SKERIES 2
J Concrete propertlien after 28 days
Tenalile | Comprensiv
Mark A ateel steel p! Bulk Compregsive | Flexural | Elastic | Aggregata
‘ 1&1 ratio ratlo p— | density straength atrength modulgs
A p' % kg/m3 kg/cm kg/cm2 kg/cm
A 21 - - 1680 279 31,5 133:000
A2.2] 0,501 0,99 o, 44 0,447 16Bo 233 32,6 144 ;000
A 2.3 0,99 1,00 1680 239 4.0 127,000 expanded
A 2;:4 - = [ 1705 286 31,0 164,000 olay
A2;5] o0,50] 1,95 0,99 0,51} 1680 233 32,6 144 ;000
A 2.6 1,95 1,00/ 1680 239 N 127,000
¢ 2:1 - - 2360 315 39,4 273;000
¢ 2:2{ 0,50} 0,99 oyl o,84} 2ilo 345 29,4 33%;000 gravel
C 2.3 0,99 l,00| 2360 315 39,4 273.000
M = bending moment Mu = ultimate bending moment

Test procedure. The beams subjected to concentrated loads
at the third-span points were maintained under constant loading
for about 460 days (Series 1) or 360 days (Series 2).

At the time of loading the specimens were 25 - 35 days old.

Deflections of the test beams were measured using 1/100 mm
dial gauvges resting against the underside of the beams at mid-
span. Cross section deformations in the constant moment zone
were measured with strain gauges, reading to 1/1000 mm.

The cracks of beams on loading and under sustained load
were visually observed using Brinell - microscopes. All the tests
were carried out in a room with a relative humidity of 60 - 70
per cent.
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3. TEST RESULTS
2.1l. Flexural cracking

Examination of the test data (Table 3) indicates that for
the specimens with mild steel reinforcement the cracks number
recorded on loading, increases with time. For the beams subjected
to a lower load level (Beams A 1.4, A 1.7 and B 1.1) increase of

TABLE 3. CRACEK DEVELOFMENT OF BEAMS

Number of Avuersge crack s Sum of crack
5 cracks apacinz(enm) crack widths (mn) widtks{mn)
aam
after| after after|alter =0 after 3o after 360 after] after
t=o 3o 360 { t=0 3o 360 = days days ¢ t=0 30 360
days | days days |days dazs days
av.|[ nax, av, | max, av. zax,

41,1 = - - - - - - - - - - - - - -
A l.2| = - 2 - - |85 - - - - 0,03 | 0,04 - - 0,05
Al:3 1 5 1? 23,7 10,5 | 0,03 0,03 0,05 | ©,08]| 0,05 | 0,10 0,03 0,27 1,08
A l4| 2 2 i1 |91 15,1 10,0l | 0,02 | 0,03 | 0,04 ]| 0,03 0,08 | 0,03} 0,07 044l
A 1:5) 20 20 24 | lo |lo 9y 0,03 | 0,07 | o,04 | 0,081 0,06 | 0,12 | 0,571 0,84 | 1,42
Al.e| 25| 26 20 6 ) 6 0,05 | 0,08 | 0,06 | 0,13]| 0,08 [0,17 | 1,20 1,82 2,42
A L7 71 17 25 |18 |11,2 | 7,5 )0c,02 | 0,02 | 0,03 | 0,06 ] 0,04 | 0,08 | 0,13 0,58 | 0,92
Al.8| 23| 24 31 9 7e5 [os04 | 0,07 | 0,07 | 0,10 | 0,08 0,15 0,96 1,63 2,46
A 1:9]| 33| 36 36 7,1] 6,6 696 | 0,07 | 0,15 ] 0,08 | 0,17 ] 0,09 | 0,20 2,29 2,961 3,%
311} 1| 18 25 - 9,1 | 7,8 |0402 | 0402 | 0,05| 0308 | 0,04 0,11 0,021 0,48 | 0,93
Bl.2|] 5| 22 26 | 23 748 | 748 0,051 0,06 | o404 ] o,l0] d,06 0,18} 0,23] 0,95 | 1,83
B 1,3t 19| 32 33 | lo 6,9 | 649 {0,06 | 0,08 0,07 | 0,11} 0,10 0,20} 1,08| 2,22| 3,20
A 2:1) 31| 31 21 797 727 | 797 10406 ] 0,10 0,08 | 0,11 0,08 0,13 ]| 1,93| 2,% 2,57
A 2,2 279 27 29 7+8] 7,8 795 | 0405 0,08 G 07 c,lo| 0,07 | 0,13 1,26 1,84 2,12
A 2,3 28| 28 28 8,6| 8,6 | 8,6 | 0,05 | 0,09 | 0,07 | 0,11} 0,08} 0,15 | 1,53 1,91 | 2,16
A 2:4 36 36 7¢l| 741 | 7,1 0,06 | 05,10 | 0,07 0,12 0,07 | 0,184 ] 2,16} 2,44 | 2,51
4 2,5] 33| 39 29 6,3] 6,3 | 6,3 0405 ]| 0,09 | 0,06 ] 0,10} 0,07 | 0,10} 1,91 2,37 2,58
A 2:61 45} 45 45 53| 543 | 543 | 0s04 | 0,07 | 0404 | 0,08 0,04 | 0,09 1,71 1,86 1,98
C 2:1| 28} 28 28 7¢6| 7,6 | 746 | 0405 | 0,10 | 0,06 | 0,11] 0,07 | 0, 1,30 1,74 2,03
c 22|25 25 25 8,1] 3,1 | 8,110,035} 0,09] 0,05]| 0,10} 0,05)0,12| 0,83} 1,19| 1,30
C 2.3 34 34 35 6,2 6,2 6,0 | 0,03 0,07 0,05 0,11} 0,06 | 0,10 0,98 1,64 2,05

cracks number is more pronounced. When the beams were reinforced
with deformed bars cracks number occured on loading was greater
but practically constant with time.

In any case the cracks number on loading increases with the
reinforcement ratio and load level.

The average crack spacing on loading decreases with increa-
sing of stress level and is less influenced by the duration of
loading. This means that cracks occured under sustained load are,
generally, outside of initial cracked region of the beam.

The average crack widths increases with the reinforcement
stress and the time of loading period. For the double reinforced
beams the greater the compressive steel ratio the smaller the
average crack widths,

After the removal of load the average crack widths are,
generally, of the same order of magnitude as those observed
immediately after loading.

For the lightweight concrete beams the average crack width
exceeds with about 35 per cent the average crack width observed
in similar speciemns from gravel concrete (Beams A 2.1 - A 2.3
and C 2.1 - C 2.3).
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The maximum crack widths for the lightweight concrete beams
subjected to a load level equal to 50 per cent (Beams A 1.5,
A1.8, B1l.2, A 2.1 - A 2.3 and A 2.4 - A 2.6) lie between 0,06
mn to 0,10 mm on loading and 0,09 mm to 0,18 mm after 360 days.
According to the C.E.B. recommendations concerning the limiting
values of crack widths, it may be concluded that the lightweight
concrete beams satisfy the requirements of normal work conditi-
ons.

On unloading the maximum crack width is less than 0,10 mm.
3.2. Deflection

Typical variation of deflection for the test beams in
relationship with applied load and time is shown in Fig.2.
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Instantaneous deflection (fo). Pigs. 3 and 4 show that

deflection of beams on loading increases with the tensile rein-
forcement ratio and the steel strength. Presence of compressive
reinforcement results in a decrease of deflection. Except the

ars} Fig.3.Instantaneous

deflections of
expanded clay

gsot concrete beams
of Series 1
o p=033%
025t P, P s =007
x-i—‘é,?n D + =2,00%
Fet]
0 — % 0 7 ff"""")
. M - P " M s
fbooo Y1200 Y/eco 300 Y200 ¢

beam A 2.4 the span-instantaneous deflection ratio corresponding
to the working loads is less than 200.
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For the gravel concrete beams, deflections on loading are
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smaller than those of similar lightweight concrete specimens.

It is a similarity between the behaviour on loading of
expanded clay concrete or blastfurnace slag concrete beams.

Long term deflection (ft) duve to creep and shrinkage - see
Pig.2 - is influenced by several parameters as seen from the
following.

The variations of the long term - instantaneous deflection
ratios are shown in Pigs. 5, 6 and 7. It can be observed that

fe

7A

0P =032% ——M=52504,
oD =1,00% — M =GIIM,

4 PP =200% -—M=373My Pig.5. Long time deflection
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concrete beams
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for a given time the smaller the tensile reinforcement ratio and
the load level, the greater the value of f /fO ratio. For the
beams reinforced with mild steel bars the:%/fo ratio is higher

than for the beams reinforced with deformed bars. This means that
for the beams reinforced with deformed bars, the tensile zone of
concrete has smaller influence on the long term deformation,
because of more pronounced cracking degree.

The blastfurnace slag concrete beams have the long term
deflections exceeding with about 30 per cent those of expanded
clay concrete beams.

For the reinforced beams with deformed bars, the long term
deflection of gravel concrete specimens is smaller than that of

9. Bg. Schlussbericht
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lightweight concrete specimens but the ft/fo ratio is slawly

greater for the gravel concrete beams - see Fig.7 - because of
greater deformability of lightweight concrete on loading [2] .

Presence of compressive reinforcement results in a more
pronounced decrease of long term deflection than that of instan-
taneous one.

Overall deflection (f = f + £ ) corresponding to the working

loads exceeds the limiting value accepted by the Romanian Stan-
dards [4].

Instantaneous recovery deflection (f ) recorded on unloading

the beams of Series 1 varies between 84 and 98 per cent of in-
stantaneous deflection fo because the elastic modulus of con-

crete has increased during the loading period.
Delayed recovery deflection (fé) of loaded beams within the

range of working loads is about 12 per cent of that measured on
unloading. The delayed recovery time is about 10 - 15 days after
unloading.
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Instantaneous rotation (€} ) of a cross section of beam

increases with a long term rotatlon (é} ) due to creep and

shrinkage phenomena, the neutral axis tendlng to displace towards
the bottom of the beam (Fig.8). The investigations carried out

oo

“”lu Fig.8. The rotation of cross
L Of a2 Q% a6 08 50 52 &4 I,if,, section at mid span
! — on loading and after
JIrXE , —360 days T 360 days %Beam A1.5)
ftemn

mm
m

indicate that the ‘6%/190 ratio, respectively the ft/fo ratio are
less than the creep factor (‘Pt) of compressive strain at the top
of the beam.

For the specimens A 1.5 and A 1.8 the midspan ft/fo ratio

represents 45, respectively 72 per cent of creep factor for the
compressive strains.

40 Q8 0§ 06 02 QO

4. CONCLUSIONS

The crack widths of lightweight reinforced concrete bveams
loaded in the range of working loads after a %60 days period of
loading are less 0,2 mm.

It is suggested that depth-span ratio of lightweight concrete
beams must be at least 1/15.

The effect of long term phenomena recorded at several stress
levels up to 75 per cent of ultimate strength is essentialy the
same.
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SUMMARY

An experimental investigation of the rheological behaviour
of lightweight reinforced concrete beams is described. Expanded
clay or expanded blastfurnace slag concrete beams were tested.
The influence of the magnitude of sustained load and of tensile
or compressive reinforcement ratios, on the cracking and def-
lection of beams, is discussed.

RESUME

Des études expérimentales concernant le comportement rhéo-
logique des poutres fléchies en béton léger armé sont décrites.
Les essais ont été effectués sur des éléments fléchis éxécutés
avec du béton a base d'argile ou de laitier expansé. On discute
l'influence de la grandeur de la contrainte de durée et des pour-
centages d'armatures tendues ou comprimées sur 1l'état de fissura-
tion et de déformation des poutres.

ZUSAMMENFASSUNG

In der vorliegende Arbeit werden die Ergebnisse von expe-
rimentellen Untersuchungen, betreffend das rheologische Verhalten
von bewehrten Leichtbetonbalken dargelegt. Die Versuchsbalken
wurden aus Bldhton- und Hochofenschaumschlackbeton hergestellt.
Der Einfluss der Dauerbeanspruchung und des Bewehrungskoeffizi-
enten der Zug- und Druckzone des Querschnitts auf die Rissebil-
dung und die Durchbiegungen der untersuchten Balken wird eben-
falls besprochen.
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