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Deseription of the Project

The bond between mortar and brick is one of the principal factors

affecting the durability and performance of masonry structures., Archi-
tects, engineers, Covernment agencies and others engaged in the deaign
or construstion of masonry strustures are required to specify materials

(masonry unite and mortar) and construction techniques whieh will con-

tribute to a complete and durable bond., Because technical data on

which to base the specifications are lacking, it is exceedingly diffi-

cult for engineers, designers, and others to write specifications

which will, with certainty, produce the desired results,

The purpose of this project is to establish and codify data essential

to the efficient bonding of bricdk and mortar in building construction.

Program

(1) Brick from all kinds of raw material from various parts of the
country, having wide variations of surface textures and suction rates,

were obtained,

Under closely controlled atmospheric conditions, these

were made into mesonry tension-bond specimens for testing the bond be-
tween the mortar and the brisk,

Tosts were made tog

b,
C.

d.

Determine physical properties of selected mortar materials,
sand-lime mortar and sand-lime-cement mortar,

Establish effect of variations of mortar. flowson bond.
Establish effect of mortar retentivity on bond,

Establish effect on mortar bond of high-suction rate brick



that have been adjusted to low suction rates as coampared
to similar brick hnvink naturally low suction rates,
e. Establish effect on mortar bond of brick with wire-cut
faces as compared to brick with die-~skin faces.
All of this was done with appropriate variations of mortar suction rates,
and methods of fabricating the tested specimens,

(2) The program included as nearly as possible all types of brick
texture, types of manufacture, etc., so that when completed, there was
sufficient data to enable recommendations and specifications for brick
masonry construction as related to the bond of the mortar and representa-
tive brick types to be made,

Justification

Completion of the project with publication and distribution of re-
sults will give the building industry a basis for specifications of
materials and construction technique which should improve general
acceptability of masonry structures to the public.

The project will advance the technology of masonry construction,
contrubute to the construction of better masonry and effect a reduction
in weak or leaky masonry walls which are all too prevaleat in many parts
of the country. liany buildings constructed in the past have been a pab-
lic liability. This could have been prevented if the mortar bond had
been studied to the extent that better engineering specifications and
recommendations could have been supplied designers and builders.

The successful completion of this project will contribute f.o the
brick and tile industry (which includes 800 or more relatively amall



business) indirectly in that an improvement of the finished product,
the brick home or other masonry sturctures, will tend to create an
incoreasing demend for the products of the industry,

This project will extend the research work that has been con~
ducted in the Department of Ceramic Mnux'ing of the Virginis Poly-
technic Institute, which has slready resulted in publication of
wMortar Bond Characteristics of Virginia Brick®, Engineering Experi-
ment Station Bulletin No. 54.

The statistical designs of the experiment has had the variables
of each proposal listed and checked by Dr. Boyd Harshbarger of the
Statistical Department. The design has eliminated such variables as
humidity, temperature, etc., and in this way varisbles are studied
individually by statistical analysis,



11 Review of Literstw's

The research previously accomplished in "Properties of Mortar Bond
to Various Briek™ has usually been in a very lpduliud division of
this broad field, The conclusions have usually been quite general.
Thias review contains a brief background of some of the author's experi- ,
ments and the conclusions each has drawn relative to bond properties,

Purlon,l studied the measurement of bond between bricks and more
tars and stated, "Experience with masonry bond tests shows that most
of them give discouragingly wild results, and good reproducibility is
attained, if at all, by artificial procedures which neither imitate the
brick layer's manipulation nor produce results anything like those ob-
tained in practical masonry construction.” In his works he chose the
following variables: GClen Crey common brick from Reading, Pennsylvania
(absorption 35-60 gbm) were used in all tests, The absorption range
for any given series was held to 10 gbm or less., The couplets were
made by a machine using a 20 1b, weight or by tapping the top brick
to promote the bond, Usually four mortars were tested at a time., The
flow of the mortars was tested and held within reasonable limits.

Results of tests and Conclusions:

(1) The tests show somewhat lower bond strength for brick of

higher absorption rate.
(2) Higher bond strength was obtained from heavier tapping of the

(1) J.C Puuon, "loumnt. of aond stmm &'ieku and m'




top brick of the couplet.

(3) The effect of tapping the top brick is to increase the bond
strength from 50 to 100 percent, which suggests that the con-
tact between mortar and brick is much improved by impact or
the vitgratdon resulting from impact.

(4) The ability of masonry mortars to bond firmly to building units
is important, because lateral strength and water-tightness
of walls are largely dependent on this property.

(5) Magnitude of deviations in bond test is evidence of the presence
of unecontrolled variables of considerable importance. As an
example of the presence of unknown variables, it has been fre-
quently noted that brick have the same absorption in the one
minute test do not always produce uniform stiffening rate of
a given mortar,

(6) The consistency of the mortar must be closely controlled. For
example, three and one~fourth to three inch slump gave average
tensile strength of 68 p.s.i. The same mortar batch, but slump
of two and three~fourths to two and three-eights inch gave
average tensile strength of 44 p.s.i.

(7) Greater plasticity under equal conditions usually gives greater
strength,

%r.uz has studied the absorption characteristics of several
types of brick taken from different parts of the kiln, The effects of

(R) P.0. Anderegg, "The Bfroct of Brick &hcetguon ch&ruurittics Upon
oceed _ fo




different mortars, varying brick absorption, surface texture, and wet-
ting the bricks were studied. The ratio of molded cube strength to

mortar strength in the wall is studied,

Results of Tests and Conelusions:

)

(2)

(3)

(&)

(5)

The very rapid initial rise of water in the dryumn bricks
indicates the presence of relatively large pores, (n the
other hand, the very slow absorption of the hard-burned bricks
might be interperted as due to the pores being rather fine.
However, Stull and Johnson® obtained indications that such
pores were few in number and relstively large. (Here is a
nearly virgin field needing experimental study.)

When contact between brick and mortar is complete the rough
surface will give a mechanical keying which is desirable,

Such contact is most easily obtained with bricks of lower ab-
sorption rates,

The type brick having the highest initial rate of absorption
removes a very esmall amount of moisture from these lime mor-
tars,

Before the mortar set up, a great deal more total moisture had
to be abstracted by the softest burned brick in a given series
than by the hardest burned member.

For brick taken from the same kiln it was noted that the pro-
duct of the one minute absorption in grams and the setting time
in minutes, was a constant,

(3) Ray T. Stull and Paul V. Johnson, “"Some Properties of the Fore Sys-
, mmmmwmmmwmaww.w
Research, Nationsl Bureau of Standards, Vol. 25, p. 7i1 )



(6)

n

(8)

(9)

(10)

The higher tl;xe initial absorption rate of the brick the greater
was the apparent tendency to form a highly congealed layer at
the surface of the mortar, Moisture is apparently removed so
rapidly from the surface of the morter by some of the bricks of
high initial suction capacity that a condensed layer is formed
having a permeability varying inversly with the initial suction.
The bond strengths 1ncmzc with the brick absorption to a
maximum, beyond which they decrease,

As water is added to highly absorptive brick, the bond strength
increases to a maximum and then decreases, Such highly absor-
bent bricks should not be selected where bond strength and
water-tight walls are of importance.

Bricks of inumdi;ﬁo absorption are easiest to lay. Mortars
in contact with them have setting times which are convenient for
the mason., The bond strengths often run double those obtained
with bricks having very high or very low absorption, while

the joint mortar strength is close to the maximum, The dura-
bility of the joint is also greatest with brick of medium
absorption, '

Bond and joint-mortar compressive strengths are given for
mortars ranging from straight lime to straight Portland cement,
Surprisingly high results were obtained at six months and one
year tréa 1:1:6 mortars. The problem of securing proper balance
between rigidity and durability needs more experimental study.



Palmer and Moom‘ have studied the water retaining capacity,

transverse and compressive strengths, absorption, volume changes, ind
moduli of elasticity of 50 mortars and the absorption rate, molsture
expansion, and transverse and compresaive strength of 6 makes of brick.
Fiﬁ-uﬁ of the 50 mortars were used with the 6 makes of bricks in tests
of brick mortar assemblies,

Results of Tests and Conclusions:
(1) Substitution of slacked lime putty for Fortland cements pro-

duced considerable inerease in water retaining capscity.

(2) The extent of bond was affected by the properties of both mor-
tars and bricks, but chiefly by the water retaining capacities
of the mortars and the sbsorption rates of the brick.

(3) wWith bricks of high rates of absorption set dry, the extent,
and in most cases the strength of bond was best with mortarse
of high water retaining capacity.

(4) Although extent of vbond may be good, the strength of bond ob-
tained with impervious brick having smooth, glassy, bonding
surfaces was generally lower than that obtained with other

brick.
(5) Maximum bond strength was obtained in case of all mortars with

brick having a ratio of absorption of approximstely 20 gba based
on 30 square inches and on one~eight inch submersion in water,
(6) Bond durability, considerinal all mortars, is best maintained

b& kesping absorption below 4O gbm.

(4) L. A, Palmer and D. E, Parsons, "A Study of the Properties of Mor-
tars and Bricks and the Relation to Bond", Bureau of Standards,

Journal of Research, Vol. 12, p. 609, (1934)



(7) The maximum bond strength at three months with the 15 different
mortaers increased with the compressive strength of the mortars
provided the bond extent was good,

(8) with bricks of low rates of absorption and porous bricks made
practically non-absorptive by wetting, the highest bond strength
was obtained with mortars of ﬁighost strength, when the extent
of bond was good,

(9) Nortars of widely different compositions may be similar proper-
tions,

Palmer’ cutlines some of the properties of bricks and mortars

necessary for the adjustment of mortar to a given brick.

Mortars daﬁeient in water retaining capascity quickly compact tﬁd
stiffen when on a porous base or between two dry, porous bricks., The
unidirectional conpaciing occurs in a few seconds and causes depressions
in the mortar joint through which water readily enters. The rapid stif-
fening makes it impossible to get intimate contact between the dry, porous
unit and the mortar., Mortars of low retaining capacity undergo much
more congestion than mortars of high water retaining capacity when they
are spread on impervious units or units that have beensaturated to
reduce their suction. #hen using mortars deficient in water retaining
capacity, one is somewhat at an imparse, If the unit is too porous,
the mortar quickly stiffens and compacts., If the unit has a too low

‘rate of absorption the mortar "blesds® or segregates, forming films and
pockets of water on the mortar bed. The extent of bond is poor in either

case,

(5) L.A.Palmer, "Essential Properties of Mortars for Masonry Units",
Proceedings of the Brick and Clay Record, Vol. 84~-85, p. 161, (1934)
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As the relative amount of lime is increased, the water retaining
capacity of the mortar is increased, Not only is the extent of bond
improved by lime, the intensity of adhesion is also increased.

Lime, eapecially slacked lime putty, improves both the extent of
bond ln§ its intensity.

There are three distinct types of volume changes in mortar. They
are all due to different causes and occur at different periods of time
in the life of the mortar, these are:

(1) Compacting in a porous base,

(2) Shrinkage occurring during early hardening.

(3) Volume changes expansion or wetting and shrinksge on drying

that occurs subsequently to hardening.
Results and Conclusions

(1) workability of the mortar (water containing capacity being the
controlling factor).

(2) Adhesiveness of bonding power, a high ratio of tensile bond
strength to tensile mortar strength.

(3) Low volume change subsequents to hardening.

(4) Maximum amount of strength obtainable without any materiel
sacrafice of plasticity, box;éing power and low volume chanéu
after hardening.

(5) Extensibility - the property of under going a relstively high
degree of stretching without repture. lost mortars range be-

tween ,02 and ,03 percent.



(6) Freedom from soluble matter thst eont.ribuies to efferescence,
straining, etc.

(7) Fair degree of porosity.

The study of Burridge and Struohxé, may be divided into two parts,

(1) Bullding mortars used to join bricks together to form brick work,
and (2) Rendering mortars used as external finishes to brick work, Some
of their results of tests and conclusions are:

(1) Immersion in cold, then hot water gives useful criterial of the
probable resistance of the material to frost action.

(2) Given a batch of bricks, cementitious and finishing materials,
each highly satisfactory in themselves, have we any method of
predetermining how the suction shall be adjusted so as to "marry*
them without danger of subsequent "divorce",

(3) Slacked lime has little or no initial cementitious power and the
ultimate bond between brick and mortar depends upon the graduasl
development of an intimate interlock of the two materials,

Von" has done extensive laboratory research and field work in this
field; by the use of thin sections and microscopic studies he has drawn
some definite conclusions as to the factors which have produced the
existing conditions, Some of these are:

(1) Extent and permanence of bond should be given primary considera-

tion.
(2) Plasticity and ability to gain intimacy of contact are the essen-
tials of a good masonry mortar,

(6) L.W. Burridge and A. I. Struct-E, "The Role of Absorption in the
Application of Mortar Renderings and Plasters in Brick Work", %
sh ¢ Societ sactions and Ab ts, Vol. 39, p.
0



(3) The mortar which can be worked and placed with the least amount
of effort on the part of the mason and which has the ability
to withstand repeated stresses without rupture of bond is the
mortar which will produce best results, High lime mortars
usually fill these qualifications, When a brick is laid in
& high lime mortar, the suction of the brick tends to denaify
and £il1l voids in the mortar at the interfacial layer or brick
line. dth a highly absorptive brick the high-lime mortars
are harmed the least by the large water loss, and the high~
cement mortar suffers because of loss of water Mﬂ for
proper hydration of the cement., With a large loss of water,
due to high suction of brick, the mortar attains a rlgidiyy
far beyond that caused by the state of hydration or carbona-
tion and the beneficial act of consolidation can not take
place to as great an extent,

(4) Several specimens of high-cement mortars, from widely separated
distriots, exhibit the same traits; namely, high porosity and
tentacular contact at the brick line and rupture of the bond
especially toward the weather exposed face of the point where
volume changes are the greatest,

(7) W. C. Voss, "Petrographic Study of the Bond Between Bricks and Mortars®,
' ¢ Society Transactions and Abstracts, Vol. 39, p. 85




311 _Abstrect
The project was broken down into the following Proposals:

Proposal I - A comparison of the previous method of malking brick couplets
with a modified Pearson Method.

Proposal 11 - A comparison of mortar bonds using two mortar flows, three
mortars, and two methods of forming couplets.
Proposal 111 - A comparison of mortar bond to brick with emphasis in
texture of surface of brick in contact with mortar which joins them.
Proposal IV - A comparison of the mortar bond of a make of brick of
original high suction rate with a representative of the am make of
briek and the same suction rate but which has been adjusted to
successively lower suction rates.

Proposal V - The effects of adjustments of suction rate on mortar bond

properties,

Proposal VI - A comparison of the mortar bond of a low suction rate
brick with a medium suction rate brick using two surface textures,
w—- A comparison of the mortar bond on one type brick using
cored and solid brick, Two different suction rates were used.



The broad program of masonry research, initiated by the Structural
Clay Producta Boweh Board of the Structural Clay Products Institute
was intended primarily to determine the most effective means of uaing
masonry materials in reinforced brick masonry construction., This

program is now being supported by the Department of Commerce.
Part 1 of this investigation contains the results of the tests per-

formed with the flow tables at the Virginia Folyteshnic Institute on the
standard mortar assigned for this purpose,

Rart 11 of this investigation contains the deseription of the raw
materials and results obtained rm physical tests on these materials.
The raw materials will be used in a study of the effect of briek texture

and suction rate on tension bond strength.

PART I
Flow Table Calibration Teats
Purpose and Seope:

‘The tests described were conducted with the flow table in the
masonry laboratory of the Ceramic Engineering Department of the Virginia
Polytechnic Institute, All tests were made on a standard mortar com-
pounded with standard materisls,

Naterials Used:
(a) Ottawa Sand
The sand used in preparing the mortar for the comparison tests con-
sisted of the mi¥ture from 2/3 by weight of graded Ottawa sand purchased
in conformity with A.3.T.M, Serial Designation CI09-37T, with 1/3 by
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weight of standard Ottawa sand passing a 20 mesh and retained on a 30
mesh U, S. Standard testing sieve,

(b) Lime

Mason's pressure hydrated lige, cbtained from the U, S. Gypsum
Company, Genoca, Ohio, was used with the above Ottawa sand mixture in
the preparation of all mortar batches for the comparison taste,
Standard Mortar

The standard mortar used in all comparison tests consisted of:

(a) one part by weight of Mason's pressure hydrated lime; and (b)
sm\n parts by weights of the Ottawa sand mixture,
Procedure

Each batch contained 4,000 grams of dry morter materials, Water
content was varied to obtain at least four different flows, All flow
determinations were made at relative humidities between the values of
$0 and 60 percent. The temperature of the room was kept within the limite
of 70 plus or minus 2 degrees Fahrenheit, At least five determinations
were made for each separate water content,

The dry mortar materials were weighed separately to the nearest
gram, Less than the measured quantity of water was poured into a non~-
absorbent bowl (14 gal. capacity) which had previously been wiped with
a damp cloth, The pressure hydrated lime was thoroughly Qorbd into the
water with the fingers of one hand, protected by a rubber glove, until
all of the lime had been wetted to produce a homogeneous slurry. The
remainder of the water was added and worked into the slurry. VOm-—third
the quantity of sand was added and stirring was continued for 30 seconds,
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The remainder of the sand was added and the mortar was mixed for 75
seconds by vigorous and continuwous stirring, squeesing, and kneading
with both hands., The mortar was allowed to stand for 60 seconds covered
with a damp cloth and then mixed for another 60 seconds, after which its
flow was determined,

For the determination of flow, the mortar was puddled in the conical
frustrun of the brass flow mold in two layers without ramming. (See
Pig. 14) Excess mortar was removed from the top of the frustrum with
one cut of spatula and the mold was removed, After 25 one-half inch
drops of the flow table in 15 seconds, the diameter of the mortar pile
was measured on four or eight radical lines, depending upon whether
the pile was circular or elliptical in shape., The percentage of in-
crease in the diameter of tt;t plle over the original diameter of the
base of the conical frustrum was the measure of the mortar flow.

sts:

Table I includes the average results of flow dotcmin‘tiom made
on the standard mortar at four different water contents. Graph I shows
the results,

Amalysis of the variance of these tests, and the variance of the
flow tests performed on a plastic lime putty-cement-sand mortar used
in connection with Part 1I of the investigation, indicate that the
standard flow table is well suited as & means of controlling the cone
sistency of the mortar batches,
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TABLE 1
Results of Flow Table Calibration, V.P.I. lLaboratory, Standard
Pressure Hydrated Lime - Ottaws Sand Mortar. | |

Ty

__of Tests Flow § Bumidity Temperature
5 17.0 69.0 58% 73°r.
5 18,6 87.6 57% - T3°r,
5 20,33 109.0 56% 72%.
5 22,00 129.0 568 72°p,
PART II

Physical Properties and Description of Raw Materials
Purpose and Scope

The tests described were performed with the object of determining
physical properties of the raw materials to be used in determining
the most effective means of using masonry materials in reinforced brick

masonry construction,

Materials Used
(a) Mason's Sand for Mortar Bond Specimen

Fairly clean, New River sand, representative of the type used by
local brick masons, was used in the preparation of all tension~bond
specimen, Sieve analyses of sand after udjnamnt- were made are as
indicated on next page:
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NEW RIVER SAND ANALYSES

istCan% 2nd Can® Ord Can %  Lth Can &

Sieve Retained Reteined  Retained  Retained
16 b9 b2 b7 he?
30 19.7 19.6 19.5 22,5
50 52,4 51,6 51,2 50,5
100 19.5 20,7 21,0 20,7
Through 100 3.6 3.9 3.6 1.7

A washing test was performed on a representative sample of the
adjusted sand in accordance with A.S.T.kN. Designation Cl17. The 1
percent of material passing 200 mesh was well within the maximum limit
of 5 percent.

A test for coal and lignite was performed on a representative
sample of the adjusted sand in accordance with A.S.T.K, Designation
C123. The 0,08 percent of coal and lignite found was well within the
maximum permissible limit of 0.25 percent.

A test for clay lumps was performed on & representative sample
of the adjusted sand in accordance with A.3.T.M. Designation Cl42,

The negligible amount of clay lumps was far less than the ptrniaiihlo
lixt of 1 percent,

(b) Lime

Washington powdered quick lime, a very active material, obtained
from the Standard Lime and Stone Company, Bakerton, ilest Virginia, was
used in the preparation of all mortars for the tension bond strength
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tests,
Lime putty was mede up from the quick~lime acéording to the re~
commendations and instructions af the manufacturer, The nm putty
was kept covered to minimige evaporation and stored at least two weeks
before used. The percentage of hydrated lime solids in the putty was
determined sach time a set of test samples was made and necessary
corrections were made to keep the lime solids content constant throughout
the program, A table was made for checking lime hydrate content of lime
putty.
(¢) Cement |
Universal Portland cement, obtained from the Universal Atlas Cement
Company, was used in the preparation of all mortars for the tension-
bond strength tests.
(d) Brick
Bricks classified according to method of manufacture:
1. stiff-muf, side-cut shale:
Roanoke Webster Brick Company, Webster, Virginia
Belden Red, Relden Brick Company, Canton, (hio
2, 8tiffemud, eidecut clay:
Belden Buff, Belden Brick Company, Canton, QOhio
Locher and Company, Glasgow, Virginia
3. Softe-mud clays
0ld Virginia Brick Company, Salem, Virginia
Stiles Brick Company, Connecticut



Physical tests for the following properties of each make of brick

were made,
1. Compressive strength
2, Transverse strength
3. Absorption after 2, hours cold water immersion
4. Absorption after five hours boiling water immersion
5. Saturation coefficients; i.e., the ratioc of items 3 to item

4. Results shown in Table 11, next page.



TABLE II
RESULTS OF PHYSICAL TESTS OB BRICK TO 5% USED

MAKE OF BRICK DURE FACE
STIFRUD SHALS ax, ¥in, iwg, Max, Kine AvEe
Hoan ke Webster Gi1 DMe 7,000 4,600 6,200 1738 1352 1506
Hormal Wire Cut 75300 5,600 6,160 1893 1547 1687
Spiit fire Cat 65600 3,700 4,540 1738 1381 1545
Belden Red 01l Me 24,800 15,800 20,720 3290 2239 2799
Kormal Wire Cut 25,100 18,000 20,580 2612 1687 2223
Split ¥ire Cut 23,60C 17,400 21,160 2879 1684 227
STIFPP=-MUD LAY JHaxe Hine  Avee Eax, Hlo, Avge
Lacher 41 Die 15,100 11,300 12,940 2001 1606 1793
Hormal Wire Cut = 11,600 8,500 9,800 2133 1394 1563
8plit Wire Cut 15,500 10,600 12,340 177 1325 157
Belden Buff C41 Die 16,100 9,500 12,420 2777 22 D67
Rorzal ¥ire Cut a8 12 16,100 2591 2393 2676
8plit #ire Cut 12,860 8,400 10,680 2591 1814 203
STIFF-MUD CLLY JHlaxe Mine Avge Jax, Mine AVEZe
014 ¥Yirginia Struck 4270 3630 3962 1404 1000 1212
| siodd G009 338 5268 963 628 1763
Stiles Struck 6050 3250 4428 1769 1032 1317
lold 9740 6990 8652 1544 312 1160

TRALOVENSE STELIOTH

P -~
v ¥




TadilE II (sontimmed)

RESULTS OF PHYSICAL THSTS OF BRICK TC B3 USd
MAKE OF PRICK DOTH _FACE 44 FRS, COLD 5 ¥ps, BOIL  CORP,
STIPPUD SHALES
fipancke Nebster Gi) Cle Call GolB o555  Ba9h Teb1 8,33 G787
liormal Bire Cub 647 5469 6e55 Be5h Te64 8al6 0,754
Split «ire Cut 6a92 6aUL 6438 B84 8429 8ubb 0,755
Helden Red U4l e 0.86 1a45 1405 3,38 0.92 2,07 0,548
Bormal vwire Cut 1,75 0,78 1420 2,01 1.09 1.71 0,730
Split Wire Cut 160 0449 1405 2,27 D84  1e57 0.662

SOPT-HUD CLAY
014 Virgisia

Jtiles

il Dle ‘
Hormal #ire Cut
Snlit ¥ire Cut

011 Die

Rormal wire Cat
dplit Hire Cut

Struck
Hold

Strack

be30
bodk

362

417
407

3406
2,88
2476

T kT
Te34

6459
6ell 6,60

593

16e51 13449 L84
16497 14429 15443

20428 17,35 18.83
2,21 18,02 13,50

0.787
0. 791
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Apparatus

Methods of Forming Samples

Two methoda were used throughout the proposals to form the tension-
bond couplets, The first will be known as the 0Old Method, which is
accomplished by placing two bricks at right angles to each other with a
one-half inch mortar bond between them, The bond is promoted by three
sharp taps with the butt of a trowel upon the top brick. The second
method will be known as the ﬁodiﬁod Pearson Method which shall be shown

by the %ng series of pictures:

© | Figure 1

Figure 1 shows the apperatus with the sliding section moved back.
In Figure 2, two bricks are shown, one to be placed on each side of the
test specimen., These bricks are coated with wax to prevent absorption

of moisture from the mortar, Figure 3 shows the bottom brick of the



Figure 3
tension-bond couplet to be formed in place, with the mortar sereed also
in position. Figure 4 shows the top brick of the tension~bond couplet in |
place at right angles to the bottom brick,



The upright portion of the Modified Pearson Apparatus serves as a guide

for cente - the top brick.

Figure 5
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Pigure 5 shows the twelve-pound cast-iron weight in place, The
weight remains in this position for two minutes, after which it is removed.
The excess mortar is removed from the briek with the aid of a spatula and
the specimen is stored for a pericd of seven days. The mortar bond joint
is painted with a water soluble dye. The specimen is stored for an addi~
tional twenty-one days after which it is tested in the Tinius Olsen machine

shown below in Figure 6.

Figure 6

The sample to be tested is placed in the cross-channels shown in
Figure 7 which touches each briek of the couplet at three support points,
The spherical head atop the upper channel tends to eliminate eccentricity
and allows a more even load to be applied to the tenslon-bond couplet.

The 2-ineh compression samples were formed in the molde shcwn on the

left in Pigure 8 and the mold on the right was used to form the tension



Figure 8

briquettes, These samples were formed by placing & plate glass on the
bottom side and filling the mold with mortar. The morter was puddled uith
the fingers and struck flush,



Figure 10
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A glass plate was placed on the top of the mold and the mold turned
over, The process of puddling and striking were repeated and the molds
were placed in an atmosphere of 100 percent relative humidity for twenty
four hours, The sazples were removid from the molds and placed under
water for the remaining twenty-seven days after which they were tested
for compression and tension in the Tinius Ulsen testing machine, with

the ald of the arrangements shown in Figures 9 and 10,

Figure 11
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Suction Rate of Brick
Suction rates of brick were obtained by first weighing (to the nearest

gram) the dry brick on the shadowgraph scale shown in Figure 11, The brick
was then placed in one of the pans shown in figure 12 for a period of

sixty seconds. Each pan™ has two horisontal rods 1/8 inch under the sur-
face of the water in the pan, This depth is kept comstant with the aid

of the constant head apparatus shown in Figure 12, The suction rate of
brick is reported as grams of water absorbed per brick per sixty seconds

based on thirty square inches of surface exposed.

Figure 12

# Specifications given in A,5.T.M.
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Alr Conditioning Unit
Figure 13 shows the air conditioning unit and qont.rola necessary for
keeping the laboratory at 70 £ 2° F. and 50-60 pereent relative humidity,

Figure 13
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PART 111
Froposal 1
A comperison of the previous method of making brick couplets with a
modified Fearson methed,

Yariables in the Froposal:

¥ind of b!'ick.".......un......u...&
HOrtar flowS..ccococeercesssscosccansed

MOOCOb'i‘tiool't&t.i'.“’!'0000‘000“

Joint thickness....(constant)........3"
Type test.c.icccsscrcsccssesecsTonsion
SpeCimens.ccscorteccnccsrrsvansssanasld?

The primary factors to be studied are the method of setting up the
couplets or specimens, and the variance within each method.

The previcus method of making brick couplets will be referred to as
the 0ld Method, which simply placed the couplets together by hand and re-
quired tapping the top brick at three different points sharply with the
butt of a trowel, The new method of making brick couplets will be referred
to as the Modified Pearson Method, This method is des¢ribed more fully
under Apparatus, The difference is the placing of a twelve-pound weight
~on the top brick for two (2) minutes instead of the three taps.



lodger of Symbols

Mortar Flows
£ e s oo nesenonnnnannoenneobstolss
fo s e oo s aneenoneensoss dl5to12ss

Methods
Bye v o s v e e e e aen e ae s e Oldiethod

uzn.-....-.o‘.........-?mmmd

by e+ e+ e s+ o loanoks lebster (stiff-md shale)
Bye s o vssoesone s locher (stiffemd clay)
bg............amwf(nm-maw)
By e e e e s es s o Bolden Rod (stiffumd shale)

£yh9e ¢ o s 00 o0 e 0 s 0o e o Flowl Cld Hothed
iy + o+ oo o0 o s s o+ o Flow Pearson Nethed
fae o« s s 0 a0 s 050 v s as o Flow2 Old Method
faﬂg""*“f”"'“" Flow 2 FPearson lethod

tlﬁacctnooacnooqoau v e » o First Tine
h-..».......‘:..o..--.mw
Gy.v.'..u..;o.-«..-."ﬁﬁmm
Q&auv'wn'bcoaontoo:ttvubrmm



Firet Replieution

! t2 t3 !
by (2) fym (3) f1m, (14) £ (15) fomy
by (9) fomp (4) fym ('5) fymp (16) fam
by (10) faeq (1) famp (6) fym (7) fima
b (1) fm (12) £m (13) £, (8) £;m

Sesond Replication
LY Q7) £ym (20) £, (29) £ (32) £ym,
b,  (26) tm, (19) ym, (2) fym, (32) £
by (25) £m (28) f£m, () fym (24) £ymy
b, (18) £ym, (27) famy (30) famy (23) fymy

In the above tobles the numbers in parenthesis indicete the order
of formin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>