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CRACKING IN PRESTRESSED CONCRETE BEAMS
DUE TO ASR IN CABLE GROUT
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The manifestation of cracking observed in
prestressed concrete beams has been explained as
due to ASR phenomenon occurring within the cable
ducts. Using finite element modelling technique,
it has been shown that the macro-cracking in
concrete will initiate inside the beam and
progress to the outer surface. The cracking not
only increases the risk of corrosion to
prestressing steel but also alters stress levels
and deformation characteristics.

INTRODUCTION

During the late 1960s, while laying a new section of" railway
line, a number of bridges spanned by prestressed concrete (PSC)
beams were constructed. Each of the 18 metre long spans, which
supports the deck for the railway line consists of two I section
beams with transverse diaphragms joining them together. The
beams were precast and prestressed using post-tensioning system.
After placing the beams in their final position, the deck slab
was cast to form the configuration shown in Fig.l. Within a few
years after construction, appearance of hair-line cracks on the
concrete surface was reported. As the cracking developed further
and became evident on almost all the beams, the beams became the
subject of investigation dating back to 1977.

In 1990, the authors' organisation was commissioned to
carry out a thorough investigation into the causes and the
likely consequences of the cracking. Extensive field investiga
tions, petrographic examinations and chemical analyses on

------concrete--sampfes-anir--sTi::-engtli-tesFson--e-xTia-cted--co-re-s-w-ere-~-----

carried out to assess the quality of concrete' in the beams and
it was concluded that the concrete had neither deteriorated nor
did it .display any of the diagnostic features associated with
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alkali silica reaction (ASR). Further studies demonstrated that
the expansion of the grout placed inside the prestressing cable
ducts was the most probable cause of cracking and ASR in the
grout mix could have caused the expansion. In the following, a
description is given of the approach adopted to identify the
problem of grout expansion. The study included theoretical
analysis based on finite element technique to simulate crack
initiation in the beams.

MANIFESTATION OF DISTRESS

Two distinct features (Fig.2) relating to the distresses were
observed: (i) Longitudinal cracks on all three faces of the
bottom flange generally following the cable profile; and
(ii) cracks of a criss-cross pattern in the end block region, in
addition to those following the cable profile. The cracks were
classified as dormant i.e., not opening and closing as a result
of loads, temperature effect, etc. However, from the documenta
tion kept on the distress features, the width and length of
cracks were noted to progress with time.

It is reported by Libby (I) that cracks following the path
of post-tensioning cables are likely to occur due to the
following causes: (i) Settlement of plastic concrete below the
cable ducts (ii) Excessive grouting pressure within the cable
ducts during grouting operations, and (iii) Increase in the
volume of grout after it had hardened.

plastic settlement of concrete or "shadowing effect" at the
underside of cables is generally expected in deep webs and not
in shallow sections such as the case under investigation.
Moreover, the fractured surface of cracked concrete was observed
to traverse through aggregates, pointing to the fact that the
cracking had occurred after the mortar phase had matured and
gained sufficient strength. This information conclusively
delinked plastic settlement from the distress noticed.

cracking of concrete during grouting operation could be
expected in cases where the cable ducts of large size or square
cross section were used or the concrete cover provided was
smaller compared to the diameter of the cable duct. In the

----pfErf;-ei'ft~-casre_;--the-ca5Te-auct-s-as--snow-ri-Tri-Tfie~const:i:-uctTon-------

drawings were of normal size and circular in cross-section and
the cover measurements taken on one of the' beams did not
indicate any likelihood of the cable duct lying closer than
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40 mm to the external surface. In view of these reasons, in the
present case, damage to concrete during the grouting operation
was considered only a remote possibility. With elimination of
these two from the list of potential causes, further attention
was given to study the effect of expansion of grout mix inside
the cable duct.

VOLUME EXPANSION IN GROUT

References to expansion of grout in prestressing cable resulting
in cracking of the surrounding concrete are available in the
literature (2). This phenomenon was observed in some cases when
the grouting operations were carried out in sub-freezing
temperatures. Free moisture available due to bleeding of the
grout mix froze and the resulting increase in volume caused
cracking of the surrounding concrete. Such a phenomenon is not
relevant in the present case as the ambient temperature at the
site never dipped below 200 C. Increase in the volume of grout,
after it has set, can take place due to delayed reaction as in
the case of under burnt lime present in the cement used for
grouting or due to ASR in the grout mix. To safeguard against
the harmful expansion caused by under burnt lime, National Codes
stipulate testing of cements for expansion characteristics and
require compliance to prescr ibed upper limi ts. Cement manu
facturers, on their part, regularly monitor this parameter and
enforce strict control on the expansion characteristics. In view
of this, it was taken that a cement having such a deficiency
would not have been used in such a major construction.

To identify the occurrence of ASR, the general approach
would have been to look for the diagnostic features associated
with it. In the present case, drawing of samples from the grout
was clearly ruled out because of the apprehension that the
prestressing cables might get damaged during sampling. However,
a proposal to load test one of the affected beams to destruction
is under consideration and in the event of such a testing,
samples of the grout material would be made available for
testing and analysis. As the load testing would take some time,
cor robora t i ve ev idences on occur renee of ASR were sough t and
documented. These included: (i) analysis of cracking of PSC
beam due to expansive pressure developed within the cable ducts,

-----~-i-n-a\.nft-Ta15i-rn.y-oT-monrtlrfe---~nch-in-nfe--cabTe--dlIcr,-ana------
(iii) composition of the grout mix.
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Cracking of PSC Beams.

The crack initiation process in the hardened concrete of
PSC beams due to expansive pressures developed within the cable
ducts was simulated using two-dimensional finite element
modelling technique. The bottom flange of PSC beam was assumed
to be composed of triangular elements and an elastic analysis
was carried out to study the strain pattern. Cracking of
concrete was assumed to initiate at the strain level of Hllil x
llil- 6 and it did not necessarily correspond with the maximum
stress point. Following observations emerged from this analysis:

1) When the expansion pressure reached a level of
1.5 N/mm2 , vertical cracks initiated along the centre
line of the bottom flange (Fig.3.a).

2) Vertical cracks were initiated just below the bottom
line of cables when the expansion pressure was about
1.8 N/mm 2 (Fig.3.b).

3) Further increase in pressure initiated horizontal
cracks to originate from the bottom line of cables
(Fig.3.c) •

4) As the expansion pressure reached a level of 5 N/mm 2,
horizontal cracks developed from the top cable
(Fig.3.d) •

As the cracks progress further, they would eventually reach
the external surface and the probable locations where they would
manifest on the outer surface are shown in Fig.3.d. A comparison
of manifestation of cracking as predicted by the theoretical
analysis with the field mapping of cracks (Fig.2) indicated a
good agreement. Thus, this analysis provided a corroborative
evidence in linking the external symptoms to the expansive
pressures within the cable ducts.

Seno and Kobayashi (3) have reported laboratory investiga
tions on monitoring expansive pressures caused due to ASR. The
mortar specimen containing reactive aggregates were kept
confined within sealed metal tubes and strains measured on the

----------surface---o£-the--meta"l--tub"e"s"-w"ere"-monlt-o"r"e-d-TO"dete-rjjftne--e-jfpl'fnsYire-"-----
pressures. The maximum expansive pressure logged was of the
order of 12 N/mm2 in a period of 26 weeks. As against this, the
pressure required to initiate cracking in the beams was only
about 1.5 N/mm2 •
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Examination of Crack Features.

To study the crack features, a number of cores were
extracted from the bottom flange. One such core extracted from
the vertical surface of the bottom flange of the PSC beams is
shown in Fig.4. The cracks were observed to be extending beyond
the concrete cover and the o~ientation was indicative of
delamination of bottom flange. Relationship between the width
and the extension of cracks is shown in Fig.5. As can be seen
therefrom, 'the width almost remained constant as the cracks
extended into the hardened concrete. Examination of the cut
surface of the concrete showed that the cracks were almost
reaching to the position of the prestressing cables. The
fractured surface was observed to pass through the aggregates,
pointing to the fact that the cracking had occurred only after
the binding mortar had matured and gained strength. An
examination of the crack features indicated that the nature of
associated stress field was direct tension. Such a stress field
would not develop due to the action of normal design loads.
Whereas, it could be closely linked to the splitting of concrete
caused by expansive pressures developed within the cable ducts.

Composition of Grout.

The grout is usually a mixture of portland cement of medium
fineness, water and additives. In cases where the ducts are
shorter with smooth curves and where more space is available,
very fine sand is added. To achieve a flowing consistency, a
water-cement ratio of 0.45 is adopted. Additives are added to
compensate for the shrinkage in grout mix and in such cases,
care is taken to achieve volume stability in the hardened grout.
A typical mix as suggested by Guyon (4) would be 12 kg of
portland cement, 3 kg of sand, 6 litres of water and 0.36 kg of
additives. Thus the composition of the grout is mostly of cement
and contains a very high cement content compared to normal
concrete. Consequently, the alkali concentration was also
expected to be high and above that generally believed to be
necessary for a damaging ASR expansion to occur.

Environment within Cable Ducts.

---"--'-Even'-aTt:e'f--fhe-naf-defiTng-'of- g r out~-a-su5stajfE'nir'aiilO(ftft--of

mix water is available as free water and it 'remains entrapped
inside the cable ducts. As these ducts are like sealed tubes,
the process of diffusion and drying out does not take place and
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in all probability, they would remain moist. The PSC beams are
located in a region which has an average ambient day time
temperature ranging from 290 C in winter to 490 C in summer. As
the beams are relatively thinner members, direct exposure to
sunshine is likely to raise the temperature level of the grout
mix. From these two accounts, it could be stated that the
environment within the cable duct would be conducive for ASR to
occur and the moisture available within the cable duct and the
possibility of higher temperature in the surrounding concrete
would sustain such a reaction.

STRUCTURAL APPRAISAL

Vertical stirrups and closed links provided in the cross section
of the PSC beams would be normally sufficient to ensure
structural integrity of the beams. But, due to expansive
pressures inside the cable ducts, additional forces would be
generated in the stirrups and links, and at a certain level of
expansion, the steel might yield or weaken the anchorage. Well
anchored 3-dimensional cage detailing, such as the one provided
in the end blocks, would offer good restraint and mitigate to
some extent the effect of expansion. Whereas in the sections
other than the end blocks, the type of detailing is typical of a
2-dimensional cage without any special attention to enhance the
anchorage requirements. This was the detailing adopted in the
present case also. In such situations the unrestrained expansion
might cause yielding of steel and eventually splitting or
delamination of concrete in the bottom flange. When extracted
cores were examined, such a feature indeed was noticed. However,
as the expansive phenomenon was not likely to occur uniformly
throughout the cable length, the delamination feature was
noticed to be occurring at intervals and not continuous. To
that extent the damage to beams was limited.

The effect of delamination of concrete section in the
bottom flange would be to alter the sectional properties of the
beam. Any change in the sect ional propert ies, in turn would
alter the stresses induced under loading as well as the deforma
tion characteristics of the beam. As the cracking in the bottom
flange was not continuous nor extensive, it was concluded that
the reduction in structural strength, if any, might not become

----crTtlcaT:-Howe-ver~-.yTeldTng-of-veri:fcaT-s t Irrups {s--ltkely-to--
reduce the shear capacity and in order to safeguard the beam
from sudden collapse, it may be necessary to strengthen it by
vertical prestressing.
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CONCLUSIONS

The manifestation of cracking observed in the PSC beams
investigated may be explained as due to the expansive pressures
developed within the prestressing cable ducts. The expansion
phenomenon could have been caused by ASR. The reaction may
continue for a long period because of the moisture entrapped
within the cable ducts. Finite element analysis of the cross
section indicated that the macro-cracking in concrete initiated
inside the beam and progressed to the outer surface. The
cracking will not only increase the risk of corrosion to
prestressing steel, but also altered the sectional properties
and thus the stress levels and deformation characteristics of
the beam.
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Figure 1 Cross-section of bridge girder, dimensions in mm

Figure 2 Cracking of PSC beams shown on developed surface
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Figure 3 Crack Initiation, predicted by Finite Element Analysis

Figure 4 Core extracted from
Bottom Flange
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Figure 5 Relationship between
crack width and crack depth
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