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Objeot and Copelusiong

The ultimate objective of this work wae to
determine the precticabllity of using, on sn exterior
wall face, & glazed ceramic tile veneer in a climate of
extremes in temperature and humidity.

Due to the scope of the work, thls thesis has
been limited to a study of the effects of wetting,
freezing, thawing end heating on the mortar joints of six
specimens, half of which were made using the stralight
cement grout, as recommended by the manufasturer, while
the other half were made using a grout of dolomitic lime
hydrate and cement.

As 8 result of the tests, the conclusion waes
reached that a more watertight wall would result if the
grout between the structural wall and the tile race were

made of lime and cement,



Eroyious lork

Most of theo work done in the past on masonry
essenblages has been limited to subjeeting the specimens
to a ss.nsl‘e type of exposure. lHowever, the PDureau of
Standards completed, in 1940, a three year test on
masonry walls exposed to actual climatic conditions, The
epeocimens in this test were of two types; one type was
brick throughout, while the other wos a brick face backed
up with hollow tile. In these tests, no attenpt was made

to maintaln an unfrozen state on one face,



A grout of straight cement and agarezate has a
strong tondency to bleed whon woried, Oince the faecling
tlle was soaked belore being groutoed in, and could not
absorb any more water, the water that had bean worked
out of the grout would form planes along the interior
face of the tlles After the oxoess wabter had ovaporated,
th&ae planes would form oracks whioch would be further en=
larged by the grout shrinking as it hardened,

I{ an assemblage, so Tabricated, were repeatedly
soaked and frozen, these oracks would enlarge and would
pernlt water to penetrate behind the tile face, Thils
could cause an unwabtertight wall, and in an extreme caso,
could result in the tile face being spalled off, if the
water were to freeze while behind the tile.

The addition of lime 10 a grout mix will material-
1y reduce the tendency to bleed, This would tend to
eliminate oracks slong the tile surface, which in tum,
would reduce the poseibility of water penetration, If the
water could not get behind the tile, there would be no
possibllity of the tlle being spalled off, due to water
freezing behind the tile face.

If the bond in masonry walls lald up with lime
bearing mortar is broken, but subjected %o the normal
wetting action of rain, it will be reformed, This 1is



explained by the fact that some of the compounds formed
during the hydration of the lime eare water scluble, but
will be redeposited upon drying, if nct permitted to
leach away while 1n solution,



Procedurs

To meet natural conditions and to stay within the
linits of tho object of the thesis, a test cycle was de=-
vised inecluding the following elementes (1) soalking the
exteorior tile feoe to approximate wet weather conditionnx
(2) freezing the tile face, keeping the back or interior
face unfrozen to approximate conditlions encountered in
normal constructioni (3) thawingz at room temperature;

(4) raisinz the tile face to & temperature as would result
from direct sunlisht; (5) cooling again to room tempera-
ture; and (6) testing the mortar Jjoint for water absorpe
tion as a measure of tho weather tishtness of the wall,

This cycle wes chosen as one which would represent
natural conditions without introdueing too many experiment-
at variables,.
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The specimens used in the tests were made in two
stages, DHach "backeup" represemting the structural
portion of the wall, wee cast of a l=2}«5 (cement,; sand,
gravel) concrete mix of approximately 43" slumps The
forms were stripped in elghteen hours and the "bgek-up"
oured in the moist room for twenty=eight days at 60°F,

After curing, the "back-up" was agein placed in
forme and the tile fTace grouted in following the manue
facturer's recomnended prectice with three exceptions:

(1) plain reinforeing rods were used instead of szinc
coated rodej (2) sodium steorate intesral waterproofing
was not used; (3) a completely hydrated dolomitic lime
(Type Se=ASTH Spece 207-46T') wao used to replace, wher-
ever specified, & high caleium lime putty,

Of the ten specimens prepared, five (numbered 1
to 5) were made using a grout of l=5% (eement, sand) by
volume, The other five (rnumbered 6 to 10) were made using
a 1=1=6 (cement, lime, sand) grout. The tile were set in
a 2=1=8 (cement, lime, sand) mortar. The joints were
raked one half ineh and pointed with a 1l-2-9 (cement, line,
sand) pointing mortar. The sand in the pointing mortar all
passed a #14 Tyler series sleve. All of the tile were cut
to size from stock pleces, (see figure #2)
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In one of the atraight cement specimens, #5, we
enbedded in the grout, at various depths and locations,
elght chromel-alumel thermocouples (see figure /3).

Apparabus

To approximate natural wetiing conditions, the
apperatus used (eee fizure /4) was a large cement mixing
troughs The spocimens were placed face down resting on
sponge rubber stripe and water brought up to a height of
# inoh on the tile face,

The freezing apparatus {(see figure #5) consisted
of o large insulated copper box placed in a low tempera=
ture room which was maintained at O Pe The specimens,
tile face up, were laid in a copper pan set inside the
box (see Tigure #6)s The box was insulated on the sides
and bottom with four inches of cork and the top, exocept
for the space taken up by the pan, was insulated with one
inch "Rubbatex" sheet fastened to 1" plywoode The heat
negessary to prevent freezing of the back surface wase
supplied by four 60W electric light bulbs fastened to the
pan supports (see figure #5).

The heating arrangement (see figure #7) was made by
mounting two 250W hest lamps on a stand so that the center
of the heat pattern fell on the intersection of the mortar
Jointe when the speclmens were placed gn edge slde by side.
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To test the watertightness of the mortar joints,
& stand wae made that would hold a single specimen and the
measuring device (see fipure #8), This messuring device
consleted of a 50¢¢ burette mounted in a socket in the top
of a flange which in turn formed the top of the water
chamber, The tille was placed face up on the stand, The
water chamber was clamped to the tile face by moans of tie
rods and the Joint between the water ochamber and the tile
sealed with a soft rubber gaskets This arrangement
supplied water to a section of Jeint four inches along the
horigzontal Jjoint and two inches along the vertical joint,
with a heed of approximstely two feet.
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Lesting Procedure

After curing twenty-eight days, threec specinens
of each type were selected, Those selected were numbers
1, 2, and 4 (stralght cement grout) end numbers 6, 8, and
10 (oement=1lime grout)e.

The testing cycle was of the following order and

durationt
hours Soaking
4 hourse Freezing
17 hours Thawing
T hours Heating
17 hours Cooling

Two specimens, one stralight cement and one cement
and lime, were tected together, The palrs tested simle
taneously were numbere 2 and 8, 1 and 6, and 4 and 10, in
that order.

The soaking portion of the cycle consisted of
plaeing the specimens, tile feave downward, in a large mix-
ing trough and filling the trough with water until it
stood § inch up on the tile face (see figure /4), The
tile face was protected during this portion of the cyecle
by resting the specimen on strips of sponge rubber laid
on the bottom of the trough.

After the soaking period of seven hours, the
specimens were transferred to the freezing room. This
room was maintained st a constant O'F. In this room, the

specimens were placed tile face upward in the insulated
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box (see figure #6) and the exposed space between the pan
and the specimens filled with crumpled newsprinte The
heat supplied by the four 60W 1izht bBulbs kept the ine-
terior of the box at a fairly constant 110 F, This wes
encugh to insure that the interior face did not freozs.
During an initial trlial, the specimen contalning
the eight thermocouples, located as indlcated in (figure
#3), was placed in the freezer, The following readings,
using a 327 base, were taken at the end of 18 and 24

hours
2 Number mmmmwm
.D-m‘@.( F) FODC Dy

1 +195 33.9
2 183 .3 3i
3 o7 %’3 '3752 gg‘s
L L] 2 ®
5 0104 o 6
6 «107 gﬁ g 0% 3442
T no reading no reading
8 no reading no reading

*P.De Potentlial Difference

The readings indicated that a state of equilibrium had been
reached in 24 hours, and that only the face of the speci-
mens were frozens

At the end of the twenty-four hour freeze, the
samples were removed from the freezing room and returned to
room temperature for eighteen hours,

To arrive st a distance that would result in 100 F
at the tile face, two specimens, (not used in the actual
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testing), were placed at messured distances from the
erown of the lamp and the temperature, st ecuilibrium,
recorded, This procedure wo-8 carried out until the
equilibrium temperature was 100°F (see figure 7).

The spocimens were placed at 144 inches from
the lamp orowns in subsequent seven hour heating
operations, after which the specimens stood at room
temperature for seventeen hours.

Before the specimens had been put through any
portion of the cycle, they were tested for watertight-
ness (see figure #8), After three complete cycles, they
were agein tested in the same manner, After the third
sycle watertightness test, the specimens were left at
room temperature for a period of eleven days, after which
the testes were resumed and carried through a total of
nine complete cyocles. At the completion of the sixth
and ninth evcles, the specimens were tested for water-
tightness.



Errors end Irobeblo Ixeclsion

Sinoce this problem was more qualitatlive than
quantitative, any errors or imprescision in readings
would have negligible effect on the end result,

In taking the readings, during the watertighte
ness test, there definitely was an error on all readings,
This was due to the fact that in filling the water
chamber and the burette, some of the watir would be
taken in by the Joint during the filling of the apparatus
and would not show in the readings. It was impossible to
use a fixed quantity of water and then measure the remaln-
ing water at the end for two reasonsj first, the fact
that 1t was impossible under the conditions of the test
to recover all the water not absorbed, and second, due to
8light surface irrepularities, a fixed quantity of water
would result in different heads for different specimens,
However, eince all the specimene had this same condition,
the relatlve magnitudes of the quantities of water abe
sorbed would not be out of line,.

Another source of error could have been in the
preliminary test to determine the extent of the freezing
in the specimens, The potential difference acrovse the
terminals of the thermocouples was 80 slight that 1t was
necessary 40 use a potentiometer 4o obtain the reading
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rather than o millivolimeter, ©ince the operation of a
potentiometer depends on a standard cell, 1t was necessary
to keep the cell at the temperature at which 1t was
standsrdized, Although the potentiometer wae insulated,
it is doubtful whether it wes suffielent 4o prevent the
eoll from changing. lewever, the difference would be
slight and would not be enough to invalldate the conolu-
sion that only the faces of the specimens were Ifrozens



The following table shows the amount of water ab-
sorbed by the specimens in a fifty minute test perled, It
was noted after a fow tosts had been Mmun, that in instances
where there wes a relatively large water absorption, most
of it had been absorbed during the first thirty minutes.

As soon as this fact was discovered, the readinge were nade
at 30 and 50 mimutes and recorded as follows:

dbsorption (oo.)
sRecinens
i £2 é i i 4
mn‘ _—— R and Rt R s ]
Initial
50 min, 0 0 0 0 (¢} 0
30 mine — 2’5 R e o
Third
50 mine 3/‘1 3.6 264 P o Lo
30 mine 20,0 12,4 = " (4] -
8ixth
50 min, 21.7% 14,1 240 8 0 14
30 mine 130 D40 3 0 0 o
Kinth
50 mine l#uo 10,2 qs Q 0 -96

# The water absorption gpparatus leaked pllightly at
the start of this test It was estimated that approximately
Sco were loot before the loak was stoppeds
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Graph 71 is a line graph showing the suount of
water each speclnen absorbed as indisated by the water
absorption test, Graph 72 shows the range of wabor agbe
gorptlions in the two types of specimens et the oend of the
third, sixth, and ninth cycles,

An exaemdination of Graph #1 shows that all the
specinens, except #8, took in an inereasing amount of
water during the sbsorption test until the end of six
¢yclens At the end of nine cycles, however, all specie
mens showed a decrease in water absorptions

This decrease might be explained as follows:

during the first portion of the testing period, the water
| planes enlarged, but not to such an extent that the thawe
ing, heating, and eooling portions of the eycles could
not completely evaporate the water taken in, The water
absorption tenmt would then indicate the astusl extent of
the opening of the jJoints, If, however, the joints opened
to such an extent that all the water taken in could not
oevaporate, the absorption test would not indicate the
actual conditions since the water already in the joints
would allow less water to enter and give a smaller absorp=
tion reading, which would be misleading if taken alones

From Greph /2, two very notlceable differences
between the two types of specimens are apparent, The
range of water sbsorption in the cement epeocimens is much
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groaber than in the lime aspecinens, and the plot of the
average values for the absorpilion shows a conslstently
higher absorpblon for il cemoud spocinens. Slince all of
tho specimens had beon nade using the same setting and
pointing mortars, and the only variable in the epecimena
was the grout, the difference in absorption must be due to
this variable,

The regenerative property of the lime mortar and
grout could be the explanabion of the difference in the
range of values for sbeorptlions The effect of autgyzeneous
healing can be quite largely dlscounted, since thls effect
iz very slipght Af the rupture occurs ag long after the
initial cet as was the case in this work,

One effect, unsgscounted for, is that, while dwo of
the cement epocinens showed relatively great absorpiion,
one of the speecimens, /4, showed very little. An examina=
tion of this specimen 1tself did not disclose any reason
for the lower wator abesorption.

As & sldelight, and not intended as a remular
portion of the thesls, the glased suriface of specimen #2
was teeted bLelore the tests Legan with the ink used in the
recording thermometer attached to the moist roome, This test
did not show the presence of any orasing. After the ninth
gycle wos completed, the surface was again tested and there
was 8tlll no evidence of surface crazing.



Aftor an examination of the results, and from
observations made during the conduet of the tests, the
conclusion weg reached thet a grout mixture of lime and
coment resulted in a more watertight Jolnt than 1s ob=-
tained using a straight ceoment grout where the wall face
18 subjected to alternaste extremes of temperstures and
humiditye



s for furthor Study

In light of the ultimate goal of the work, these
tests should be carried on in a much more extensive serios
of tests to determine the durability and weathertightness
of the units,

Since most ecitlies have in their atmosphere, dust
and smoke which, when dissolved in water, form weal asidﬂ.
1t would be well to study the effect of testing these
specimens using a mild eeld solution in the wetting cycle.
Along this line, 1t would be interesting to study the
effects of salt epray on the jJointa of the masonry units
as mirht be encountered along the coastal portions of the
United States.

From an examination of the Joints of the specimens
tented, 1t was concluded that the watertightness of the
Jointe would be affected by the grain size of the sand
used in the pointing and setting mortars. Thic effect
should be investipated to detormine optimunm gize and fine-
nese modulus,

Another factor that should be investigated is the
method of anchoring the tile face to the wall propers
The necesslty of usling such a complicoted system of hooks

and anchors 1s guestionable. VWhile this does not alfect



the Jjoint tightnese directly, it 1s an important part of
the erecting procedure, and if 1t could be simplified,
the net result would be a better wall,

=)



