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ABSTRACT

The durability of masonry under freeze-thaw conditions is a complex interaction of the mortar,
stone and their environment. In testing, much attention is given to the durability of the mortar
itself, but less to the mortar as part of a masonry system. This paper considers the durability of the
mortar together with the stone, particularly the effect on the bond between the stone and mortar.

A total of 29 masonry wallettes and 5 stack bond masonry prisms were constructed for freeze-thaw
testing together with companion stack bond prisms for evaluating flexural bond strength. The
freeze-thaw testing was unidirectional. The freeze-thaw specimens showed three basic styles of
expansion behavior:

e mortar failure,

e bond failure, and

e no failure

Early expansion and failure is related to mortar failure. Delayed expansion is related to bond
failure. The prisms with the least amount of freeze-thaw expansion, also had the highest bond

strengths.

It is recommended that durability testing of masonry, rather than its components, is critical.
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INTRODUCTION

Freeze-thaw damage to masonry is often related to the expansion of the mortar. Tension
and compression stresses are developed, similar to those generated by later loading. It
might he suggested, therefore, that bond strength may play an important role in the freeze-
thaw durability of mortar.

Little work has been done to investigate the relationship of freeze-thaw durability to bond
strength. This is a direct result of the limiting nature of the freeze-thaw testing pracedures.
For example, mortar cubes or cylinders are tested using ASTM C-666 and clay units are
iested using ASTM C-67. This approach to testing masonry oniy gives part of the answer
especially in the case of the mortar which is largely influenced by the masonry unit. The
complexity of the interpiay the mortar and masonry unit under freeze-thaw needs to be
evaluated.

The Institute for Research in Construction at the National Research Council Canada, in
conjunction with Public Works and Government Services Canada (Heritage Conservation
Program) and Suter Consultants Inc. have been working to develop a durable mortar for the
restoration of the Canadian Parliament Buildings. A uni-directional freeze-thaw durability
test for mortar, developed tor masonry wallettes, was used in this program (Thomson et al.,
1995). Performance is measured visually as well as a function of percent expansion across
the front of the mortar joint. An expansion greater than 0.04% is considered a failure value
for severe environments.

The objective of this paper is to make a first attempt of using laboratory test methods to
investigate the nature of bond strength to the freeze-thaw durability of mortar using -a
variety of mortar mixes together with Nepean and Wallace sandstone.

TEST SPECIMENS AND PROCEDURES

Specimen Pre
Nepean sandstone represents the bulk of the stone used in the construction of the older
Parliamentary buildings in Ottawa. The stone is an orthoquartzite composed of detrital
quartz with a quartz cement (locally quarried; grey-white with honey coloured
discontinuous banding). The porosity is low (10%).

The Wallace sandstone is commonly used as trim (eg window sills & jambs). The stone is
composed of detrital quartz and feldspar which is altered to clay. The cement is dominantly
muscovite and clays with minor quartz. The porosity is moderate (13%).

Table 1 gives a summary of the stone properties.
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A total of 36 mortar mixes are listed in Table 2. The mix designs are based on the volume
ratio of 1 binder: 3 sand. Two stone types, seven binders (white masonry cement, white
Portland cement, Type N hydrated lime, Type S hydrated lime, high calcium lime putty,
hydraulic lime). and four locally available sands were used. These mortar mixes represented

proposed mix designs for active restoration projects.

All of the mixing was completed by a skilled heritage mason. For the cement-lime putty
mixes the aggregate and lime putty were combined in a tall pail and pounded using a well
used, rounded head of an axe handle. This procedure is known as “knocking up the mortar."
The cement-hydrated lime and masonry cement-hydrated lime mixes were prepared by
mixing the dry ingredients prior to adding the water. Air entraining agent was added to the
mixing water.

The consistency of the mortar was determined by the mason, who added water as needed.
The target was a mortar which would be used for deep repointing of the sandstone masonry.
Stone wallettes and stacked bonded prisms were built for frost durability and flexural bond
strength testing (Fig 1). Wooden jigs were used to aid the mason in building the specimens.
This allowed the mason to pack the joints as required. The stones were washed with water
to remove the cutting powder and the water was allowed to drain off. The intent was to use
the stones water saturated-surface dry. Joint thickness was maintained at 12 mm.

The specimens were built in a controlled environment laboratory. The masonry specimens.
cubes and cylinders were cured under laboratory conditions. In the first week, the
specimens were placed under plastic sheeting with damp rags to maintain the relative
humidity close to 100%. After this initial curing period, the specimens were exposed to
ambient laboratory conditions of 22+2°C and a relative humidity of 50+5% for at least 28
days.

Tests for Frost Resistance

IRC/NRC is in the unique position of having a Dutch developed freeze-thaw cabinet which
conforms to the Dutch standard NEN 2872 for unidirectional freeze-thaw testing. For tests
in this paper, the machine was modified to accept free standing wallets, and sprinkler pipes
were installed to wet the specimens during the thaw cycle.

In order to measure expansion, which would act as an indicator of damage, measuring discs
were glued to the face of the wallettes (Fig 1). The stainless steel discs are 6 mm in
diameter with a drilled hole in the center, which is used to seat the conical points of a
Demec gauge. Measurements were taken across the mortar joints using a 50 mm gauge. On
a couple of specimens discs were placed on the stone only. There was insignificant
movement associated with the stone during the test. Therefore, for the measurements across
the mortar joints. all the change was assumed to be movement within the joint.

The specimens were placed in the cabinet and completely immersed in water for twenty-
four hours. The backs and sides of the specimens were then jacketed with 10 mm extruded
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polystyrene and the edges were sealed with silicone, which was allowed to cure for 12

R L ooe TN/ 1t

period the specimens were kept at 100% relative humidity.

hours. During this curing
A rapid freeze cycle, considered representative of the damaging winter conditions exper-
ienced in Ottawa, was used to test the specimens. Thermocouples were imbedded during
construction within 5 mm of the face and back of the wallettes. The front of the specimen
follows much the same temperature profile as that of the air temperature, showing a 10
minute lag. The back of the specimen shows a plateau in the temperature profile at 0°C,
which occurs during freezing of water. The freezing front moves from the face of the wallet
through 90 mm in approximately 2 hours. The thaw cycle is accelerated by spraying of the
specimens with water as soon as the air temperature rose above 0°C. The spraying lasts for
the complete 2 hours of the thaw cycle, ensuring that the specimens do not loose any
moisture (there may be a small gain in moisture).

The specimens were measured and assessed on every seventh day. After six days of freeze
thaw cycling was completed (18 cycles). the specimens were conditioned for 12 hours by
immersing them in water and then drained for 2 hours under conditions of 95% relative
humidity. The joints were then measured and the cycling process recommenced 24 hours
after the completion of the last.

Flexural Bond Strength
Six stone high, stacked bonded prisms were tested tor flexural bond strength. Table 2

indicates the number of joints tested. The apparatus used is consistent with ASTM C 1072.

DISCUSSION OF RESULTS

The joint expansion data presented in Figure 2, shows three basic patterns:
e carly expansion from the start of cycling, (Mix 5)

e delayed expansion and failure (Mix 28)

e minor expansion near the beginning with no further increase (Mix 27)

There is a relationship to the style of joint failure with the type of joint expansion. The
early expansion appears to be related to the failure of the mortar. The mortar showed
physical deterioration, forming a sand pile at the base of the specimen. For specimens
showing delayed expansion, the deterioration showed as a surface spall then progressive
deterioration into the joint. In a few cases the mortar showed no significant deterioration,
but rather there appeared a bond failure at the stone/mortar interface.

Figure 3 shows the plot of flexural bond strength to percent expansion. Those mortars with
the poorest freeze-thaw resistance also showed the poorest bond strength. Conversely,
those mortars with the best freeze-thaw resistance showed the best bond strength.

474

Thomson ¢1 al.



The Wallace sandstone prisms have a lower flexural bond strength than the Nepean
sandstone prisms. This is interpreted to be a real difference in bond behavior of the two
sandstone. It suggests that where a minimum value of 0.57 MPa has been established for
the Nepean sandstone. it is too high for the Wallace sandstone. A value of 0.2 MPa might
be more appropriate. CSA mortar standard A179-94 requires a bond strength of not less
than 0.2 MPa for a type N mortar (note the standard does not apply to stone units).

While this data is clearly not definitive it supports the need to view the freeze-thaw
resistance of masonry as a system. The load imposed on masonry during freeze-thaw
cycling is not a function of a single parameter. Mortars with associated good bond strength,
show good freeze-thaw resistance.

CONCLUDING REMARKS

This investigation has provided strong support for testing of masonry rather than its
individual components. Testing the performance of either the masonry unit or mortar can
result in misleading information.

Failure due to freeze-thaw cycling can result from mortar failure or bond failure. Mortar
failure appears to occur very rapidly. whereas bond failure is delayed. However, once-bond
failure occurs expansion is rapid.
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Figure 1 “a) elevation of Nepéan sandstone wallettes with Demec discs. Lines mark

measurement direction. Thickness of wallettes is 90 mm.
b) elevation of stacked bond prisms. These prisms were used for flexural bond strength
testing and for freeze-thaw testing. Prisms are 90 mm square.
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Figure 3 Relationship of flexural bond strength to percent expansion across the front lower
joint of wallettes and prisms. Data points enclosed by open rectangles represent
Wallace sandstone prisms.
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Figure 2 Percent expansion taken across the front bottom joint of the specimens (from
start of first cycle). Reference to mix components and mix design number can be
found in Table 2.

Table 1 Physical properties of Nepean and Wallace sandstone.

Stone Bulk Porosity Initial rate Saturation Thermal Compressive
density (vacuum of absorption coefficient | expansion strength
(kg/m’) sat.) (g/lmin/ (pm/m/°C) (n=3, MPa)
(%) 100m mz)
Nepean | 2336 9.9 0.22 0.48 12.5 100
Wallace 2299 13.5 0.24 0.64 11.5 87
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