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1. INTRODUCTION

In recent years the concrete block has played an important role
in most types of construction. The block was initially used as a cladding
in steel and reinforced concrete construction. It carried no load but
served as an attractive wall or partition with good accoustic qualities.

Engineers soon began to utilize them in load-bearing wall con-
struction. With the advent of the two-core block, it was found that by
constructing the wall in running bond, the cores lined up vertically.
These cores could be reinforced and filled with concrete at little extra
cost. This resulted in a wall inherently stronger under axial load with
a capacity to resist bending and shear stresses, thus constituting a
shear wall. These advances allowed designers to introduce load-bearing
block walls into high-rise construction.

Using the shear-wall technique, structures were designed and
built with concrete-filled reinforced block-walls without any other
structural framing. With the increase in ductility due to the reinforce-
ment, these methods were also introduced into seismic areas. These
structures are now common up to twelve stories in height in earthquake
- zones such as southern California.

Additional use of concrete blocks have been made in single
course lintel beams over door and window openings. Concrete blocks can
be built to almost any shape or size. There is no reason why they cannot
be used as a permanent form for any type of reinforced concrete structural
member. In‘addition to providing the outer shell, it is assumed that
composite action would exist between the shell and concrete fill in
resisting stresses. It is hoped that this report will shed some light

on the behavior of such members.



Object and Scope of Investigation

This investigation was conducted at the Civil Engineering
Testing Laboratory of the University of Manitoba in 1970.

The purpose of the study is to compare, on an experimental
basis, the behavior of concrete block-formed reinforced concrete members,
to that of a "normal" reinforced concrete member.

Block-formed components differ primarily from reinforced
concrete in that the "concrete" is supplied in three different and
distinct ways - the precast concrete in the block units, the mortar, and
the concrete fill. In contrast, only one more or less homogeneous
concrete is used in Reinforced Concrete construction.

To compare these two types of construction, the validity of
certain assumptions must be verified:

1. Unity of action exists between the block, concrete
fill.and the reinforcement in properly built block-
formed structural elements.

2. Each individual component of the construction - blocks,
concrete fill, masonry and reinforcement - contributes
to the ultimate strength of the composite construction.

The last assumption permits the author to design and analyse
the test specimens according to current codes on Reinforced Concrete.
In the analysis, the presence of the block form is neglected and the
concrete fill assumed to cover the overall section.

Scobe of the work is limited to beams and wall sections.

The flexural and shear capacities of the beams are investigated along
with the axial load capacity of the wall sections.

It is beyond the scope of this preliminary type of investi-

gation to subject the elements to all structural conditions. However,



it is the intention of the author to present results that could be used
for continued investigation into all types of block-formed structural

elements.

History of Masonry Construction

Masonry construction is perhaps the oldest form of construction
known to civilized man. Masonry structures, built by the ancient
Egyptians, are still standing today. The craftsmanship demonstrated by
these people is truly a wonder in itself. One such structure recorded
in history is the"Pharoh of Alexandria, the lighthouse that stood watch
over navigators of the Mediterranean Sea, guiding them to safe harbour.

- This structure was 550 feet high and the fire that burned at the top
could be seen for 35 miles. An ancient description of construction
mentions that the masonry courses were made of excellent stone and were
united by molten lead. The landmark, buffeted by the elements, stood
for 1500 years before being destroyed by an earthquake in the 13th
centuhy”

The dark ages of Western Civilization were enhanced by the
beauty of castles and cathedrals, some of which took over a century to
build. On the one hand, castles were designed to repel assaults rather
than for structural strength. These monsters of elegance must also have
been status symbols because history seldom recorded an instance wherein
a castle fell through the destruction of the outer walls. Castles with
walls six to seven feet thick contribute T1ittle to the. knowledge of the
behavior of masonry structures. On the other hand, cathedrals were
designed to display majestic beauty. These towers of grandeur must also

have been status symbols.



01d cathedrals are true masonry structures; that is, they are
completely devoid of metal or wood for structura1 support. They stand
as evidence that builders began to understand stress transfer, at least
gualitatively if not quantitatively. The wor]d'sees only the edifices
that have been built and that have withstood the ravages of time and the
elements. Little or nothing is known about fhose thét have failed during
the construction or soon after completion. w1tﬁ the passihg of time,

. successes and failures have molded-the state of the art of masonry con-
struction, |

The genesis of.the science of structures was with Aristotle
who correctly exp]ained'the action of the keystone of the arch as
"resisting opposing forces on all sides”. |

| Leonardo de Vinci gave impetus to the science by explaining the
interacting of the elements of the arch as "a strength developed by two
weaknesses, for the arch is composed of two segments of a'circ1e, each of
which, being weak in itself, tend to fa]]§ but each opposes this tendency
in the other with the two weaknesses combining to form one strength".
The classic explanation has roots in the assumed triangular type loading
of masonry over Tintels and also in the concept of load redistribution
as the materials in composite construction,

The combinatidn of arches and columns was the essence of past
con;truction. Criteria for construction of load bearing masonry in
modern times evolved from the traditional arch as it passed through the
centuries.

o Only in recent times were scientific bodies established to
guide the design of structures. Official building codes made their

appearance before the turn of the twentieth century. Comparing early



codes with the present U.S.A. Standard Building Code Requirements for
masonry show Tittle change in requirements in 70 years. The 1902

edition of the District of Columbia Building Code and the U.S.A.

Standard have essentially the same wall height-to-thickness requirements;
namely, at least 12 inches for the uppermost 25 feet and increasing

4 inches in thickness for each additional 35 feet in height. This is

the present day wall design criteria. Not one single mathematical

formula pertaining to masonry design is to be found in either publication.

Reinforced masonry has been used for over 100 years. However,
it has been only during the past 30 years that the design procedure has
been developed to any extent. Reinforced masonry has been widely adopted
in two forms - reinforced brick masonry and reinforced concrete masonry.

Reinforced brick masonry is the technique of laying exterior
and interior wythes with a grout collar joint in which reinforcement is
placed. It provides masonry surfaces of elements of different heights,
types, and coursing, all incorporated into a homogeneous structure.
Reinforced concrete masonry is a type of construction in which solid
or hollow concrete masonry units are assembled in such a way as to form
continuous vertical and/or horizontal cavities within the construction.
Steel bar reinforcement is then placed in these cavities and the cavities
filled with grout or concrete so as to form a bonded composite construction,
which will act as a unit in resisting load and stress.

As the name implies, reinforced concrete masonry is similar in
most respects.to reinforced concrete. It differs from reinforced con-
crete primarily in that the "concrete" is suppliied in three different
and distinct forms - the precast concrete in the masonry units, the
mortar, and the grout or concrete fill., In contrast, only one more or

Tess homogeneous concrete is used in reinforced concrete construction.



Earthquake Resistance of Reinforced Masonry

Masonry cénstruction has a poor image in many locales because
of the poor performance of some unengineered,unreinforced or unanchored
masonry. Some unreinforced structures have shown satisfactory per-
formance e.g., some of the massive or conservatively built structures.

However, reinforced masonry has performed quite well in even the
most severe quakes. For example, 85% of the masonry buildings that were
reinforced and properly tied showed no damage in the major earthquake
" in Anchorage, A]aska!o A good structural comparison was found at
Elmandorf Air Force Base near Anchorage. A sefies of concrete masonry
warehouses, 30 feet high with four foot spacing of reinforcement, showed
no structural distress whatsoever. However, adjacent to the masonry
structures, stood several tilt-up warehouses of similar size. Two seg-
ments of the‘ti1t-up buildings collapsed and three were sefious1y damaged,
confirming that the quake was catastrophic, at Teast to those buildings.
Interior partitions and exterior non-load-bearing and Toad-bearing walls
were very common in that area. It is of interest to compare the per-
formance of these walls in Anchorage with masonry walls that were
observed in the city of Skopje after the July, 1963 Yugos]avian earthquake.

Extensive loss of 1ife and property was experienced in Skopje
due to collapse of load-bearing masonry walls that were not reinforced
and were not tied structurally to the slabs they supported. For the most
part, these walls were bui]t with Time mortar. In contrast, code require-
ments in force in Anchorage require that masonry walls be properly
reinforced. .

In 140 years of organized European settlement, New Zealand has

9
experienced 17 destructive earthquakes. The earthquake of 1931, in




particular, showed those concerned with buiiding that the simple load-
bearing structures, traditional in Eurobe,'were inadequate to resist
earthquake shock. There were many brick buildings in Napier in 1931, and
those were largely resppnsib1e for the loss of Tife. Not only were they
inadequate in their design, but also in many cases they exhibited inade-
quate workmanship and poor supervision of construction.

For many years after the 1931 earthqqake load-bearing masonry
was not allowed in New Zealand. However, a révision of July, 1959 rein-
troduced the concept of load-bearing masonry, but this time replacing the
old rule-of-thumb methods'with rational design by elastic analysis.
Designers found new allowable stresses for unreinforced masonry Timiting.
At the same time, earthquake theory was teaching the lesson of ductility
and the value of reinforcing for prolonging the Toad deflection curve.
Reinforced masonry, even for panels, seemed inevitable. To date, several
load-bearing masonry structures have been designed and built.

A popular form of construction in New Zealand is the cavity wa]1‘
which consists of an inner and outer leaf separated by a cavity of about
2 inches. The two leaves are connected by galvanized wire ties. The
cavity wall has valuable properties for:excluding weather, thermal
insulation, and sound insulation. Reinforcement is invariably deformed
bars. It is used vertically in low stressed walls; and vertically and
horizontally in high stress walls. Reinforcement is spaced at 16 inches
to 32 inches on centre. -

There are a few overall factors which enhance the behavior of
reinforced masonry in seismic areas: |

(1)  Properly designed buildings perform in a dramatically more

satisfactory manner compared to unanchored, undesigned



(3)

(4)

buildings of 1low factors of safety to lateral loads.

The damping characteristics of masonry reduce the response
to quakes.

The natural frequency of these stiff structures may place
them in the short period range where they have less

response to quakes.

Failures in reinforced masonry are of a ductile type which
is a very effective type of resistance in catastrophic
quakes. The avoiding of brittle or sudden complete failures

is regarded as very important.

Finally, the confidence with which reinforced masonry is used by designers

in high seismic areas is related to the confidence in their design methods,

in their detailing for ductility, in the quality of the available materials

and in the quality of the supervision and workmanship.

Advantages of Reinforced Masonry

The advantages of brick and concrete masonry are numerous.

Some important ones are:

(1)

Structural members are constructed in place, which
eliminates heavy duty hoisting equipment and permits
f]exibi]ity in construction due to last minute changes
in design.

A11 construction can generally be performed by masons
without the need for other trades.

A11 materials can usually be supplied locally.

There is no need for watertight forms, only simple
supports.

The use of reinforced concrete masonry lintel beams and

columns in masonry structures provides a pleasing continuity



in appearance.

(6) Structural members can be tied in with the vemainder of
the masonry structure through continuity of reinforcement
and concrete fill.

(7) Reinforced concrete masonry offers as good or better fire
protection than most other types of construction.

(8) There is excellent resistance tp cracking and differential
settlement. | |

(9) Reinforced masonry wa]is have good accoustic qualities,

with high resistance to earthquakes and atomic blasts.

Experimental Background

Over the Tast thirty years, a number of tests have been per-
formed on reinforced masonry structural members. They include beams,
columns, piers and walls under various types of loading, using both brick
and concrete block as the masonry component. The results of such tests
have generally shown that the masonry unit acts together with the fill
in resisting loads. Results have been compared with existing codes on
Reinforced Masonry and adequate factors of safety estab]ished]

The use of Masonry beams in the construction industry has been
largely Timited to lintels over door and window openings. The Toads and
spans involved are usually small. Consequently, research in the field
of masonry beams has been limited to short span, single course lintel
beams .

Several tests of this nature have been conducted by investi-
gators such as, Converse? Mayrose“%nd Saemann!8 Their results indicated
that, in general, the behavior of reinforced concréte masonry beams under

]oadihg to failure was similar to that of reinforced concrete beams. To
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the best of the author's knowledge, there have been no studies involved
with beams of over one course. This Teaves a large field of study open
for beams of any depth.

Reinforced concrete block walls have only become popular since
the advent of the two-core block. This is understandable since the three-
core block would be quite difficult to grout, especially in a full depth
wall. However, reinforced grouted brick walls have been used for many
years. Thus most of the reseéfch up to 1950 has been focused on reinforced
brick walls and columns. Investigators such as LyseizPlummeriewitneyzgnd
Bradshawlhave tested such members for Tateral loads, static racking Toads
and crushing loads.

Concrete block walls have been subjected to similar tests by
such researchers as Saemann, Schneider{gscrivener%c%edstrom? Richartrgnd
Cox? These have involved both reinforced and unreinforced block walls.
However, all research in concrete filled block walls has been concerned
with lateral loads and racking loads. To'the author's know]edge, there
has been no research into the behavior of such walls under axial Toads.

Although all researchers have agreed that reinforced masonry

members do in fact behave similarly to reinforced concrete members,

there has been no attempt to analyse them as such.
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IT. THE TEST PROGRAM

Selection of Members

(a) Beams:
There were two main factors governing the size of beams.
The handling and testing facilities available were of
primary concern. The modular size of the blocks avéi1ab1e
controlled the length in increments of 16 inches and the
depth in increments of 8 inches. The width of the block
could be yaried from 6 inches té 12 inches in increments
of 2 inches. It was decided to use an 8 inch wide block
throughout as this was most readily available. Beam details
are shoWn in Figure 1.
The lengths of all beams were set at 160 inches, comprising
ten blocks per course. The heights varied from cne to
five courses.
Ten beams were initially built. The first two were
single course beams. The next'eight were 2-course beams,
the only variable being the type of block used on the
second course. From these initial testé, the H-block
(see Figure 3) was chosen for the continuation of the
beam tesfs.
The remaining beams varied from 2 to 5 courses, with the
percentage of longitudinal reinforcement varying from the
minimum to the maximum allowed by the "A.C.I. Code on
Reinforced Concrete”. |
The web reinforcement generally consisted of 3/8 inches

diametef, single Teg stirkups at 8 inches on centre. This
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reinforcement was placed in the shear zones only.
A total of 26 beams were tested. Generally, every two
beams were jdentical. Beam properties and dimensions are
Tisted in Table VIII (Page 74).

(b) Wall Sections:

The size of the sections was limited by the load
capacity and clear depth of the test frame. Since the
number of sections that could be built were limited, one
size was chosen throughout. Six sections were tested.

The sections were all 12 ft. high, 8 in. thick and

‘ 16 in. wide. This size constituted a true section, in
that by constructing a wall in running bond with blocks
16 in. Tong, this section would repeat itself every 16 in.
There was no steel reinforcement in the wall sections,

Wall section details are shown in Figure 2.

Material Properties

(a) Beams:

The blocks used were supplied by a local manufacturer.
Nominal outside dimensions were 8"x8"x16" while the
actual dimensions were 7 5/8"x7 5/8"x15 5/8", to allow
for the 3/8in. thick mortar joint. Details and a photo-
graph of the blocks used are shown in Figure 3. Compression
tests were carried out on all blocks. Results are listed
in TabTe 1 (Page 40) and a photograph of the test is shown in
Figure 4.

For the bottom course, the 8 in. Tintel block was used

throughout. For the upper courses, four different type
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figure 2! wall section details
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figure 3: block detalls and photograph
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units were used, one for each beam type. They were the
standard block, U-block and 0-block. The names of the
latter three blocks were derived from their shape in plan.
With one exception, all units conformed to ASTM Standard
Specification (C90) for hollow, load-bearing, normal
weight masonry units. The exception was that the total
web thickness of the 0-block was 2 1/2 in., 1/2 in. less
than required by specifications. The cores in the blocks
occupied approximately 50% of the total volume,

Concrete was supplied through a Total manufacturer,
Strengths between 2500 and 3000 P.s.1. were specified
with a 3/4 in. maximum size aggregate and a 4 to 5 1in.
sTump,

From each beam casting, two compression cylinders,

6 in. in diameter by 12 1in, long, were taken. The

cylinder compression tests were performed on the same day

as the corresponding beam test in accordance with ASTM
designation C39-64., A photograph of a cylinder test is

shown in Figure 5 and the results Tisted in Table IT (Page 41)

Mortar was mixed by a shovel in 50 1b. batches.
Type N mortar was specified as in N.B.C. 65, with a
minimum compressive strength of 750 p.s.i. at 28 days.
The mortar was proportioned one part masonry cement to
three parts sand. Water was added until good working
consistency was achieved. The results of a sieve analysis
on the sand are listed in Table IIJ (Page 40).

From each batch, two 4 in. cubes were taken. The

cube compression tests were performed on the same day as
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CONCRETE CYLINDER IN 300,000 # TESTING MACHINE

FIGURE 5
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the corresponding beam test. A photograph of the cube
test is shown in Figure 6 and the results listed in
Table 1V (Page 42).

The joint reinforcement consisted of two #9 gage
(0.148 1in. diameter) deformed steel wires with cross ties
at 15 in. on centre.Yield strength of each wire was 1380 1b.

The grade of steel specified in ordering the rein-
forcement was Intermediate Grade Billet Bars in accordance
with ASTM specifications Al5 - €2T, with deformed section
conforming to ASTM specification A - 305 - 56T.

Test coupons, approximately 24 in. long were sampled
from the reinforcement for each bar size. Each coupon was
tested for yield point, ultimate tensile strength, and
percent elongation per 8 in. length. Figure 7 shows a

- coupon under test in the 200,000 1b. Riele testing machine
and Table V (Page 43) lists the test results. -

AT1 Tongitudinal bars had standard 90° bends at both
ends. A1l stirrups had single legs and standard hooks at
both ends. The spacing for the Tongitudinal steel was
limited to two layers of two bars each. A complete rein-
forcing bar schedule is 1isted in Table VI (Page 44).

(b) Wall Sections:

The materials used for the wall sections were
generally similar to the beams. However, the 0-block was
used ekc]usive]y in constructing the sections.

The concrete mix was designed to yield a compressive

strength of 3000 p.s.i. at 28 days. The water-cement




MORTAR CUBE IN 60,000 # TESTING MAGHINE -
FIGURE 6

STEEL REINFORCEMENT UNDER TENSION TEST IN EO0,0QO #

RIELE TESTING MACHINE

FIGURE 7
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ratio was 0.57 and the maximum aggregate size was 3/4 in.

The batch properties were:

Normal-Strength Aggregate Water
Portland Cement Fine Course
75 1b. 150 1b. 182 1b. 43 1b.

This batch yielded 3 1/2 cubic feet of cpncrete. Two
batches per section were mixed, using mixiﬁg times of
about 10 minutes. The slump measured 8 in. to 9 in.

each time. The concrete was mixed in the laboratory using
a rotating horizontal tub Eirich Machine. Concrete and

mortar strengths are listed in Table VII (Page 45).

Construction of Members

(a) Beams:

Two stages were required in constructing the beams.
The first stage involved the construction of the permanent
form with concrete blocks and placing of the reinforcing
bars. The second stage consisted of filling the cores of
the form with concrete.

The beams were constructed on the level floor by an
experienced bricklayer, along with the author, using
ordinary construction methods and workmanship. A poly-
ethelyne sheet was laid to prevent mortar from bonding to
the floor. The bottom course lintel blocks were laid in
sequence starting from one end using a steel angle guide
to maintain alignment. Abutting ends of the blocks were
well filled with mortar and shoved up tight to form

joints approximately 3/8 inches thick. Excess mortar was
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cleaned from the interior joints at all times.

With the bottom course completed, the longitudinal
steel was placed inside the form. Spacers were provided
so that the reinforcing bars were exposed on all sides.
However, in the cases where two layers of bars were re-
quired the two bars of the bottom layer were placed in a
bundle. This was necessary because of the 1imited space
available. For beams of only one course, the first stage
was now completed.

Successive courses were Taid in similar manner for
deeper beams. All horizontal joints were approximately
3/8 inches thick and contained joint reinforcement. As
these courses were set into a bed of mortar, a level was
used in setting them. A half-block was used at the ends
of alternate courses so the vertical joints would be
staggered. The exterior joints on one side were pointed
and coated with a white latex flat paints. This was done to
improve fine crack detection. After the last course was
completed, the stirrups, where required, were placed in
the cores and hooked under the longitudinal reinforcing
bars.

The forms were filled with concrete three days after
they were built. A wooden trough was placed on top of
the forms to prevent spilling as the cores were filled.

A high-frequency internal vibrator, with a 3/4 inch head
was used to consolidate the concrete.

About 8 inches of concrete was first placed and vibrated

to ensure filling of all voids around the reinforcing bars.
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The concrete was leveled with the top of the form. Soon
after the cores.were filled, the mortar joint became
damp indicating that water from the concrete £111 was
being absorbed by the joints.

The beams were cured in the Taboratory at 70° F.
The exposed concrete was covered with wet burlap for four
days after casfing.

-

Figure 8 shows a beam under construction with

positions of joint, vertical and longitudinal reinforce-

ment. Figures 9 and 10 show the interior of a four-
course beam; before concrete placement with the block
cores aligning vertically and diagonally respectively.
Wall Sections:

The wall sections were constructed in a pit adjacent
to the test frame using methods of workmanéhip similar
to the beams. Since the size of the sections were only
8x16 inches in cross section, one O-block constituted
the bottom course. For the second course, an O-block
was cut in half and Taid back to back in a bed of mortar.
Both horizontal and vertical joints were made 3/8 inch
thick. Figure 11 shows a photograph of a section under
construction.

As in the beams, the excess mortar was‘cleaned ffom
the joints and the exterior joints pointed. This sequence
was continued up to 18 courses making the section 12 feet
high. A1l mortar droppings were then cleaned out from
the bottom of the section. As there was no joint rein-

forcing or reinforcing bars used in the wall sections,



BEAM UNDER CONSTRUCTION SHOWING

FIGURE 8
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INTERIOR OF BEAM SHOWING CORES ALIGNING VERTICALLY

FIGURE 9




INTERIOR OF BEAM SHOWING CORES ALIGNING DIAGONALLY

FIGURE 10
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WAL.L SECTION . SHOWING METHOD OF CONSTRUCTION

FIGURE 11

INTERIOR OF WALL. SECTION SHOWING CORES ALIGNING VERTICALLY

FIGURE 12 g




28

the construction procedure was simplified. Figure 12
shows the interior of a section, before concrete placement,
with the block cores aligning vertically.

Since the cores were open at every Second course, it
was necessary to form the sides of the section. This
was done by attaching 3/4 inch thick plywood 8 inches wide
by 12 feet high to both sides of the section. Figure 13
shows a compTeted section with‘open cores.

Three days after mortaring the blocks together, the cores
were ff]]ed. The filling was done in 4 ft. 1ifts with
approximately 10 minutes between 1ifts. Figure 14 shows
the method of concrete placement.

There were two methods used in consoTidat{ng the
concrete. For sections 1, 2 and 3, the concrete was
consolidated by rodding with a 3/8 1inch diameter rein-
forcing bar. For sections '4,5 and 6, a high f?equency
internal vibrator, with a 3/4 inch head was used.

On reaching the top, a trowel was used to bring the
level of concrete flush with the top block. The wall

sections were cured in the Taboratory air at 70°F.

Testing Arrangement and Procedure

(a) Beams:

All beam; were tested between two weeks and two
months after the concrete had been poured. A.12 foot
simply-supported span with third-point loading was used
throughout. Figure 15 shows a loading diagram with

resulting shears and bending moments across the beam.
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WALL SECTION SHOWING HORIZONTAL: CORE OPENINGS
FIGURE 13
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WALL. SECTION SHOWING METHOD OF CONCRETE PL.LACEMENT

FIGURE 14
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figure 15:beam loading,shear force and bending moment
diagrams
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The beams were tested in a E1osed frame. The Toad was
supplied through 200,000 1b. hydraulic jack and recorded
with a 200,000 1b. load cell. Figure 16 shows a photo-
graph of the jack, load cell and load-bearing supports.

The beams were placed in a test frame by two hoists,
running on an overhead track, connected to steel hooks
embedded in the beams. A]ignment of the beams in the
test frame was simpTifiéd by the use of a transit set in
Tine of the longitudinal axis of the beam. Ball and
roller bearings were used at the load and beam supports.
This gave the beam free end rotation and horizontal dis-
placement. Bearing plates, 4"x4"  1in cress-section with
a 1/8 in. thick birch veneer cushion, distributed the
end reactions uniformly. Capping was not necessary due
to the smoothness of the block surfaces. Bearing plates,
4"x4"  in cross-section and capped to the beams with
plaster, distributed the Toads uniformly cver the breadth
of the beam.

A "Mercer" dial gauge was set under the beam to
measure the vertical midspan deflection. For beams of
four and five courses similar gauges were set at the top,
centre and ends to measure lateral deflection. The
“Mercer' dial gauges read to the nearest thousandth of an
inch, having a maximum travel of two inches. Figures 17
and 18 give bhotograph and details of the test frame wifh
a beam in positjon. The gauges are.denoted by numbers 1

through 4 shown on the beam in their actual reading positions.



JACK , LLOAD CEL.L. AND LOAD~BEARING SUPPORTS IN POSITION

FIGURE 16

TEST FRAME WITH BEAM IN POSITION

FIGURE 17
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The test procedure was quite simple to perform once
the beams were centred in position and the dial gauges
set and zeroed. The load was read through a Wheatstone
Bridge connected to the Toad cell. A reading of 1
microinch per inch was equivalent to 0.2 kips of load.
Load was applied in increments of 0.1 kips to 2.5
kips depending on the beam size. Following each load
increment the gauges were read and locations of cracking
traced with ink indicating also the total load at the
time.

Wall Sections:

A1l sections were tested about two months after
the concrete had been poured. The sections were tested
in a vertical position in a closed frame system. An
axial Toad was supplied through a 400,000 1b. hydraulic
jack. As the sections were built adjacent to the frame,
they were moved into the frame in a vertical position
using a self-clamping hook attached to the overhead
hoist. Frame details and a photograph with the section
in position are shown in Figures 19 and 20.

Aligning the sections in the frame was a simple
operation. Two rectangular collars, with inside dimen-
sions equal to the cross sectional dimensions of the wall
sections, were vertically aligned and attached to the
bottom and top bearing plates. The bottom and top
surfaces of each section were capped with plaster to
ensure uniform loading.

The section was fitted into the bottom collar.
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TEST FRAME WITH WALL SECTION IN POSITION

FIGURE 20
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The jack was then raised fitting the top of the section

into the top collar. The collars aligned the sections
vertically and prevented any lateral movement. The
load was brought up to 500 p.s.i. and the plaster
allowed to set errnight.

Mercer dial gauges, reading to the nearest thousandth
of an inch, were set on the right face at the top, centre-
and bottom. Any-1atera1 def]ec%ion would be read by
these gauges. Three additional gauges were set in similar
positions on the left faces of sections 1 and 2. In using
these additional gauges, any expansion of the section due
to Poisson's effect or to the separation of the block from
the concrete fill, could be measured, The posftion of the
dial gauges are shown by circled numbers 1 to 6 inclusive
in Figure 19.

The Toad was read through a pressure gaugé attached
to the jack. A gauge pressure of 100 p.s.i. was approxi-
mately equivalent to 4 kips. The pressure gauge was
calibrated on the 200,000 1b. Riele Testing machine.

Thé calibration curve of pressure against load is shown
in Figure 21.

With the gauges set and zeroed, the Toad was in-
creased in increments of 10 kips. After each load
increment, the Toad was kept constant for a few minutes
while the gauges were read and the section inspected for
cracks. The gauges were generally removed at a Toad of

200 kips.. The load was then increased to failure.



EQUIVALENT LOAD (KIPS)
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TABLE III

SIEVE ANALYSIS OF MORTAR SAND

No. Sieve : Percent Passing
16 96.1
3 | 71.9
50 /‘ 26.2
100 6.0
200 | ‘ 1.2
TABLE I
CONCRETE BLOCK COMPRESSION TEST DATA
Type of .Total Load (kips) Compressive Sfrength (psi)
block (Avg. of 3 units) Avg. Gross Area Avg. Net Area
H 185 1540 | 3080
0 | 223 1850 3700
U 197 1640 . 3280
Standard 165 1375 2750
Lintel 185 1540 | 3080




TABLE II

CONCRETE CYLINDER TESTS (Beams)

(6"x12" Cylinders)

41

Beam Test Total Load Comp. Stress Avg. f'g Age
No No (pounds) (p.s.i.) (p.s.i.) (days)
1,2,9 1 60,000 2,120
2 63,000 2,220 2,170 22
3.4 1 65,000 2,300
2 75,000 2,660 2,480 42
. 5,6 1 73,000 2,580
2 75,000 2,650 2,610 44
7,8 1 67,000 2,380
2 70,000 2,480 2,430 41
10 1 64,000 2,260
2 65,000 2,300 2,280 24
1 68,500 2,420 16
e 67,000 2,370 16
3 75,000 2,650 18
4 79,000 2,790 18
5 87,000 3,080 19
6 67,000 2,370 19
7 81,000 2,860 - _ 22
8 85,000 3,000-- 22
9 72,000 2,540 23
10 71,000 2,500 23
11 85,000 3,000 23
12 72,000 2,540 25
13 63,000 2,400 : 26
14 72,000 2,540 2,630 26
25 1 116,000 4,100
2 146 ,000 5,150
3 117,000 5,030
4 147,000 5,200 :
5 119,000 4,200 4,740 40
26 1 120,000 4,240
2 126,000 4,450
3 110,000 3,880
4 108,000 - 4,100 4,100 43




MORTAR CUBE TESTS (Beams)

TABLE IV

(4"x4" cubes)
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Beam Test Total Load | Comp. stress Avg.f' Age
No. No. (pounds) (p.s.i.) (p.s.i.) (days)

1,2,80 | 1 16,500 1,060
2 16,500 1,060 1,060 30

3,485 1 18,300 1,140
2 19,000 1,190 1,165 35

5to 10 | 1 21,600 1,350
incl. 2 20,800 1,300 1,325 36

11 to 14| 1 22,150 1,380

incl. 2 22,000 1,370
3 31,000 1,940 1,560 40

15 and | 1 27,700 1,760
16 2 27,500 1,740 1,750 36

17 and | 1 31,700 1,980
18 2 32,500 2,030 2,000 38

19 and | 1 44,700 2,800
20 2 46,100 2,830 2,840 40

21 & 22 | 1 48,300 3,020
2 52,400 3,280 3,150 36

23 1 48,000 3,000
2 46,000 2,870 2,935 38

24 1 49,200 3,070
2 52,200 3,260 3,165 34

25 1 39,600 2,470
4 2 38,800 2,420 2,445 44

26 1 44,400 2,770
: 2 43,900 2,800 2,785 44
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REINFORCING BAR SCHEDULE

TABLE VI

44

TYPE | (bottom steel) i, TYPE 2 (stirrups)
: 2} 3 C Arz2at
! 13'0" g 1 —
BEAM REINFORCEMENT L SIZE OF NUMBER OF
No. TYPE (INS) BAR BARS
I, 2 i - S} !
3to 10 I - 5 2
I - -9 I
I, 12
I -~ 6 |
13 I - 8 |
! - 8
14,15 | — 8
2 19 3 12
| - 8 !
16, |7 I - 6 !
2 e 3 12
l - 9 |
18
| - 8 |
| - 9 I
19,20 | - 8 |
2 27 3 12
I - 9
21,22 ! - 8 2
2 27 3 I 2
I - S 2
23,24
2 35 3 12
| - 9 2
25
2 27 4 12
l - 9 2
26 2 39 4 8
2 I8 4 2
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ITI. TEST RESULTS

(a) Beams:

The test results are summarized with the help of the tables, curves
and photographs. These are found in the Appendix under Tables X to XXXI
inclusive and Figures 35 to 81 inclusive. Detailed description of the
behavior as well as comparative results of the tests with analysis are

also given. .

General Modes of Failure

There were three modes of failure: flexural, shear and a
combination of both. For all beams, vertical tension cracks initially
formed in the bottom central portion of the beams and quickly proceeded
up.

Failure by flexure usually resulted in beams with minimum
steel percentages. Failure occurred by the deveiopmeht of tension
cracks across the beam followed by yielding of the Tongitudinal steel.
At this point, large deflection increments were recorded with Tittle
increase in load. This was arrested as the steel entered the strain
hardened region increasing its tensile capacity. Ultimate failure Qccurred
by crushing of the concrete in the compression zone. At this point, the
Toad capacity was reduced by about 50% of the maximum load. This is
similar to reported behavior for reinforced concrete beams.

Fai]ure.by shear occurred in beams with high percentages of
Tongitudinal steel and little or no web reinforcement. Diaéona1 tension
cracks usually developed at'mid—depth, midway between the load and beah
supports. These cracks, initi§1]y at about 45° with the horizontal,
developed with increased load in the directions of the load and beam

supports. The angle of the crack was somewhat reduced as it entered the
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compression zone.

For shallow beams with no web reinforcement,failure occurred
as a result of longitudinal splitting in the compression zone in addition
to splitting along the top layer of longitudinal reinforcement near the
end of the beam. Failure was sudden with the critical crack forming at
approximately 80% of the maximum Toad. Although the beams carried some
additional load after the formation of the critical crack, the deterior-
ation was rapid. On failure the only force preventing the end of the
beam from completely breaking away was the dowel action of the Tongitudi-
nal steel.

For deeper beams with web reinfdrcement, the Tcad capacity was
greatly increased past the first appearance of diagonal tension cracks.
On failure, the web reinforcement remained anchored to both sides of the
crack giving the beam some load capacity. A photograph of the interior
of the beam after a diagonal tension failure is shown in Figure 22;

A good comparison of shear and flexural failures can be seen
in beams 12 and 13 whose only variable was the percentage of Tongitudinal
steel. Beam 12 contained 1.64% and Beam 13 contained 0.83%. Load
deflection curves and photographs for the two beams can be compared,in
Figures 23, 24 and 25. The slope of the curve in Beam 12 remained fairly
constant up to failure, indicating elastic behavior. For beam 13, the
slope decreased from a relatively low load becoming horizontal at failure.
| In all tests thére was no sign of slippage between the steel
and concrete indicating no bond failures between these materials. Good
bond also existed between the concrete block and fill. This point is
illustrated in Figure 22. In no case did the block separate from the

f111 before the ultimate load was reached.
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INTERIOR OF BEAM AF TER DIAGONAL TENSION FAILURE SHOWING

BOND BETWEEN CONCRETE BLOCK AND F'lL.L

FIGURE 22
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TYPICAL BEAM FLEXURAL FAILURE

FIGURE 24

TYPICAL BEAM SHEAR FAILURE ’

FIGURE 25
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Design and Analysis

The beams were designed and analysed by ultimate stréngth
design in accordance with "ACI Standard Building Code for Reinforced
Concrete, (ACI 318-63)".

In considering the beam section, the concrete fill was
assumed to cover the complete section. This meant that the three
materials, concrete fill, mortar and concrete b1ock would be considered
to be one material with the samé strength as the concrete fill. This is

illustrated in Figure 26.

ACTUAL SECTION TRANSFORMED SECTION

Sy CONCRETE FILL s
Co T ot | Y CONCRETE FILL
§,Z ‘;ﬂ;/— MORI AR L]OINT %\7‘7%‘_
d Uwe CONCRETE BLOCK d e
d ST RET ) PR
4wl _—  REINFORCEMENT e
‘R =y
B s | oD~ REINFORCEMENT
/) N ;‘ﬁ
L_b_] b

FIGURE 26: TRANSFORMED BEAM SECTION

- Percentages of Longitudinal Reinforcements:

The minimum percentage was governed by :-

P2 —F  mommmmmmmmommseomes

The maximum percentage was governed by:-

0.85 K, f'c, 87,000 |.-= (2)
p=0.75 ( F, B7,000 + ny

where p = percentage of longitudinal steel (As/bd)
b = breadth of.beam
d = depth from compression face to centroid of longitudinal
reinforcement.
As = area of longitudinal reinforcement



P
[

constant (0.85)

~h
O
]

ultimate compressive unit strength of concrete fill
f,, = unit stress of steel at yield point

- UTtimate Flexural Capacity:

The ultimate flexural capacity was found by combining equations (3),

(4) and (5)
MU
R — (3)
A f
- S Y a
M=z () (4)
A f
_ S
@ gy Tt (5)

Thus A f A f
p S Y d -.-S_Y_
f 24 1.7f"cb | ---(6)

where Pf load at ultimate flexural capacity

M Moment at«u1timate flexural capacity

u

- Ultimate Shear Capacity
The ultimate strength in shear was found by the following equations.

Shear Capacity of Concrete :

Vo=bd 1.9 flc+2200pVd (g
o M
M Mmax - d (8)
v v TTTTTTTTTTT
M .
S O (9)
where M .
V—used in largest of Egns. (8) or (9)
and Mmax = maximum moment in shear span considered
V = external shear in the shear span considered
a' = length of the region of constant shear
V = ultimate shear capacity of concrete section.

52



Shear Capacity of Web Reinforcement:

o (10)
Av
" " PFssinag
where K = (sin o + Cos a) Sin o
r = percentage of web reinforcement
Av cross-sectional area of web reinforcement
o = angle between inclined web reinforcement and axis of beam.
b = width of beam
s = horizontal spacing of web reinforcement.
VW = uyltimate shear capacity of web reinforcement
= V 4+ V) ercccmcre e
PV 2(/C + VW) (12)
where Pv = Toad at ultimate shear capacity of beam.

Note: The relation of load to shear and moment is obtained from the

Toading diagram (Figure 15)

Allowable Midspan Deflection:

The maximum allowable deflection caused by short time loads is:

A(max) =§L64

where L = clear span.
for L = 12 ft.

A (max) = 0.4 inches.

Individual Behavior

Beams #1 and #2 :
Beam properties were single course with 8" high lintel blocks;
1.13% Tongitudinal steel; Concrete strength of 2170 p.s.1.

Both beams behaved elastically up to failure. Initial tension
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cracks started at about 1.5 kips. Beam #1 failed at 4.1 kips by
yielding of the longitudinal steel with a deflection of 1.185 in. The
P (test) /P (calc.) ratio was 1.0.Beam #2 failed in a similar manner at
3.5 kips with deflection of 1.02 in. The P(test)/Pf(ca1c.) ratio was
0.85.

Beam details,load-midspan deflection curves and photographs
at failure are shown in Figures 35 to 37 inclusive. Test data is listed

in Table X. (See pages 91 to 93).

Beams #3 and #4:

Beam properties were two courses using the H-block in upper
course; 0.93% longitudinal steel; concrete strength of 2280 p.s.i.

Load-Deflection characteristics were similar in both beams.
The slope was essentially constant up to about 8 kips where the first
tension cracks appeared. With the slope reduced somewhat, elastic
behavior continued up to about 19 kips, where it was evident that the
steel was yié]ding. By this time, tension cracks had developed and
widened across each beam. The beams continued to take loads with Targe
increases in deflection. Ultimate failure was by crushing of concrete
in the compression zone.

Beam #3 failed at 23.0 kips with a midspan deflection of 0.95
in. and a P(test) /Pv(ca1c.) ratio of 1.23.Beam #4 failed at 22.0 kips
with a midspan deflection of 0.90 in. and a P (test) /Pv (calc.) ratio
of 1.18.

Beam details, load-span deflection curves, and photographs at
failure are shown in Figures 38 to 40. Test data is Tisted in Table XI.

(See Pages 94 to 96).
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Beam #5 and #6:

Beam properties were two curves using the U-block in upper
course; 0.93% longitudinal steel; concrete strength of 2615 p.s.i.
Load-deflection characteristics were similar to beams #3 and #4. The
first tension cracks appeared at about 8 kips. This is denoted with a
change in slope of the load-midspan deflection curve.

Tension cracks continued to develop.and widen across the beam.
However, at about 16 kips the slope of these cracks near the beam supports
became inclines, thus forming diagonal tensjon cracks. The load was
increased to failure causing large deflection increments. Both failures
were sudden and were caused by the opening of diagonal tension cracks
near the beam supports. Failure caused the end portion of the beams to
separate. Beam #5 failed at 23 kips with a mid-span deflection of 0.9 in.
and a P(test) /Pv(calc.) ratio of 1.155. Beam #6 failed at 22.0 kips
with a mid-span deflection of 0.75 in. and a P(test) /PV (calc.) ratio of
1.105. Beam details, load-midspan deflections and photographs of failure

are shown in Figures 41 to 43 inclusive. Test data is 1isted in Table XII.
(See Pages 97 to 99).
Beams #7 and #8:

Beam properties were two courses using the standard 2 core
block in upper course; 0.93% longitudinal steel; concrete strength of
2430 p.s.i.

Beams #7 and #8 displayed similar test behavior to the previous
two-course beams up to about 20 kips. At this time, a diagonal tension
crack formed near the right beam support of beam #7. This crack widened
under increased load causing a sudden failure with the beam breaking away
at the right load support. Beam #7 failed at 21.5 kips with a mid-span
deflection of 0.75 in. and a P(test) /Pv(ca1c.) ratio of 1.125. Beam #8
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failed solely by yielding of the longitudinal steel followed by
crushing of the concrete in the compression zone. Failure occurred at
23 kips with a mid-span deflection of 0.85 in. and a P(test) /Pv(calc.)
ratio of 1.195.

Beam details, load-span deflections and photographs of failure

are shown in Figures 44 to 46 inclusive. Test data is listed in Table XIII
{See Pages 100 to 102).
Beam #9 and #10:

Beam properties were two courses using the 0-block in upper
course; 0.93% longitudinal steel; concrete strengths of 2170 p.s.i. and
2280 p.s.i. respectively.

Beam #9 behaved elastically through the loading range. Tension
cracks developed and widened up to yielding of the Tongitudinal steel
at about 19 kips. Ultimate failure was caused by crushing of the
concrete in the compression zone. Failure occurred at 20.0 kips with a
deflection of 0.7 in. and a P(test) /Pv(calc.) ratio of 1.095. Beam #10
showed similar behavior to the previous two-course beams up to about
15 kips. At this point, a tension crack, midway between the left load
and beam supports; became somewhat inclined forming a diagonal tension
crack. The beam continued to take increased load. The longitudinal
steel yielding at about 18 kips causing larger mid-span deflections.
Meanwhile, the diagonal tension crack developed towards the load and beam
supports. Failure was sudden as this crack opened causing the left
section of the beam to separate. Failure occurred at 21.5 kips with a
midspan deflection of 0.95 in. and a P(test) /Pv (calc.) ratio of 1.15.

Beam details, load-midspan deflection curves and photographs at
failure are shown in Figures 47 to 49, Test data are listed in Table XIV

(See Pages 103 to 105).
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Beams #11 and #12:

Beam properties were two courses using the H-block in upper
course; 1.64% longitudinal steel; concrete strength of 2630 p.s.i.

From the Toad-span deflection curves, it was evident that the
beams deflected 1ittle up to about 7 kips. At this point, initial
cracking occurred, the steel became stressed and the beams behaved
elastically up to failure. The only cracking evident before failure
were tension cracks starting at the bottom of the beam and developing
up to the level of the longitudinal steel. Both failures were sudden.
Diagonal tension cracks had developed and opened within a Toad
increment of 1 kip. Failure caused the beams to split along the hori-
zontal mortar joint between their load and beam supports. However,
the concrete fill split along the top layer of longitudinal steel about
two in. below the mortar joint. Beam #11 failed at 28 kips with a
midspan deflection of 0.690 in. and a P(test) /Pv(ca1c.) ratio of 1.44.
Beam #12 failed at 29 kips with a midspan deflection of 0.630 in. and a
P(test)/PV(ca1c.) ratio of 1.44.

Beam details, lToad-midspan deflection cﬁrves and photographs
at failure are shown in Figures 50 and 52. Test data is listed in Table XV.

(See Pages 106 to 108).
Beam #13:

Beam properties were two courses using the H-block in upper
course; 0.83% longitudinal steel; concrete strength of 2630 p.s.i.

With initial cracking occurring at about 6 kips, the beam
behaved elastically up to yielding of the longitudinal steel at 18 kips.
Meanwhile, tension cracks became visible up to the Tevel of the steel,

at about 12 kips.



58

These cracks continued up to the middlie of the beam where
they stopped at the neutral axis of the beam. After the steel yielded,
large deflections resulted with increased load. A flexural failure
resulted with crushing of the concrete in the compression zone. Beam #13
failed at 21.0 kips with a deflection of 0.84 in. and a P(test) /P]c (calc.)
ratio of 1.17.

Beam details, a load-midpsan deflection curve and a photograph

of failure are shown in Figures 51 and 53. Test data is listed in Table XX.
(See Pages 107 and 123).

Beam #14 and #15:

Beam properties were 3 courses using the H-block in upper
courses; 1.65% Tongitudinal steel; 0.18% vertical steel; concrete
strength of 2630 p.s.i.

Both beams behaved similarly throughout the tests. The beams
deflected a small amount up to about 25 kips. At this point initial
cracking must have occurred as the slope of the load-deflection curve
was reduced. Tension cracks were observed at about 35 kips up to the
level of the longitudinal steel. These cracks continued to develop
and widen across the beams. At about 50 kips the first diagonal
tension cracks appeared midway between the load and end bearing
supports. With increased load, these cracks developed in the directions
of the load and end bearing supports. However, the tension cracks were
arrested at about a 10 in. depth,

The beams failed suddenly by diagonal tension cracks opening
from the level of the longitudinal steel up into the compression zone.
The concrete split along the top layer of longitudinal steel. 1In beam

#15, a secondary failure developed with shearing off of the outer shell
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at the end 8 in. of the beam. This is illustrated in Figure 58.

Beam #14 failed at 80 kips with a deflection of 0.690 in.
and a P(test) /Pf (calc.) ratio of 1.21. Beam #15 failed at 69 kips
with a deflection of 0.513 in. and a P(test)/Pf(ca1c.) ratio of 1.045.

Beam details, load-midspan deflection curves and photographs
are shown in Figures 54 to 58 inclusive. Test data is listed in

Tables XVI and XVII. (See Page 110 to 115).

Beams #16 and #17:

Beam properties were 3 courses using the H-block in upper
courses; 0.805% longitudinal steel; 0.18% vertical steel; concrete
strength of 2630 p.s.1.

From the load-deflection curve, it was evident that initial
cracking occurred at about 15 kips. From there on the slope of the curve
was slightly reduced and the beams behaved elastically up to the
yielding of the Tongitudinal steel. Tension cracks were visible at
25 kips up to the level of the longitudinal steel. Unlike the two
previous beams, these cracks developed up into the middle course with
increased load. At 40 kips, diagonal tension cracks had formed midway
between the load and end bearing supports. The longitudinal steel
yielded at about 45 kips resulting with Targer deflections up to failure.
Meanwhile both tension and diagonal tension cracks were continuing to
develop across the beams.

Failure was sudden and was caused by diagonal tension cracks
opening through the depth of the beams. However, by this time, the
tension cracks had progressed up to the compression zone, the beams
were deflecting considerably with Tittle increase in load, indicating

a tension failure as well. Beam #16 failed at 61 kips with a midspan
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deflection of 0.9 in. and a P(test)/Pv(calc.) ratio of 1.32. Beam #17
failed at 65 kips with a midspan deflection of 1.08 in. and a P(test)
/Pv(calc.) ratio of 1.40.
Beam details, Toad-midspan deflection curves and photographs
at failure are shown in Figures 59 to 63 inclusive. Test data is listed

in tables XVIII and XIX. (See Pages 116 to 120).

Beam #18:

Beam properties were 3 courses using the H-block in upper
courses; 1.14% Tongitudinal steel; concrete strength of 2630 p.s.i.

From the load-deflection curve, it is evident that initial |
cracking occurred at about 15 kips. From this point on, the slope of
the curve remained constant until failure. There were no signs of
cracking until 40 kips. At this point, tension cracks had appeared
up to the Tevel of the Tongitudinal steel. 1In addition, a diagonal
tension crack had developed through the depth of the beam within a
load increment of 1 kip.

Failure occurred suddenly with the diagonal tension crack
opening and splitting the concrete at the Tongitudinal steel. The
entire right end portion broke away from the rest of the beam. The
beam failed at 41 kips with a deflection of 0.312 in. and a P(test)-
/Pv(ca1c.) ratio of 1.105.

Beam details, the load-midspan deflection curve and a photo-
graph at failure are shown in Figures 64 and 65. Test data is listed in

Table XX. (See Pages 121 to 123).

Beams #19 and #20:

Beam properties were four courses using the H-block in upper



courses; 0.855% Tongitudinal steel; 0.18% vertical steel; concrete
strength of 2630 p.s.i.

Both beams behaved elastically up to about 30 kips. At this
point, the slope of the load-defleaction curve was slightly reduced in-
dicating initial cracking. Tension cracks were first visible in both
beams at 35 to 40 kips, at the level of the longitudinal steel.

Initial diagonal tension cracks appeared in Beam #19 at about
50 kips. These cracks developed along the horizontal and vertical
mortar joints, contrary to the previous diagonal tension cracks. Mean-
while, the tension cracks had developed up into the second course
causing larger deflections for each load increment. Several other
diagonal tension cracks developed in similar manner. Beam #19 failed
suddenly with the opening of a diagonal tension crack over the left
beam support. |

Failure occurred at 57 kips with a deflection of 0.36 in.
and a P(test)/Pv(calc.) ratio of 0.626.

On initial cracking, Beam #20 showed elastic behavior up to
65 kips. Meanwhile, the tension cracks had developed to mid-depth and
diagonal tension cracks had formed near the right beam support. At
65 kips, these cracks began to widen considerably causing large de-
flections, and resulting in a sudden failure at 69 kips. The deflectio
at failure was 0.322 in. with a P(test)/Pv(ca1c.) ratio of 0.76.

Beam details, load mid-span deflection curves and photographs
at failure are shown in Figures 66 to 68 inclusive. Test data is liste

in Tables XXI and XXII. (See Pages 124 to 127).

Beams #21 and #22:

Beam properties were four courses using the H-block in upper

61
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courses; 1.71% longitudinal steel; 0.18% vertical steel; concrete
strength of 2630 p.s.i.

The beams behaved elastically up to about 50 kips with 1ittle
deflection. For example, the midspan deflections at 50 kips were 0.148
and 0.140 in. From the load-midspan deflection curves, it was evident
that cracking occurred at this point. However, the first visible signs
of cracking appeared at 65 kips with tension cracks developing at mid-
span up to the level of the longitudinal steel.

At 75 kips, tension cracks had developed across the beam but
they did not increase any higher than the first course. In addition,
diagonal tension cracks had appeared midway between the load and beam
supports in both beams. With increased load, these cracks increased
towards the Toad and beam supports. Failure occurred suddenly by
diagonal tension cracks opening through-the depth of both beams.
However, splitting of the concrete along the longitudinal steel did not
occur as in previous failures.

Beam #21 failed at 111 kips with a midspan deflection of 0.44
in. and a P(test)/Pv(ca1c.) ratio of 1.088. Beam #22 failed at 104 kips
with a midspan deflection of 0.40 kips and a P(test)/PV(ca1c,) ratio of
1.02.

Beam details, Toad-midspan deflection curves and photographs
are shown in Figures 69 to 73 inclusive. Test data is listed in

Tables XXIII to XXV inclusive. (See Pages 128 to 135).

Beams #23 and #24:
Beam properties were five courses using the H-block in upper
courses; 0.72% longitudinal steel; 0.18% vertical steel; concrete

strength of 2630 p.s.i.
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The slope of the load-midspan deflection curve was constant
up to 40 kips indicating elastic behavior in this range. At this point
the slope was reduced and again remained constant until just prior to
failure. At 50 kips, initial tension cracks appeared at midspan up to
the level of the longitudinal steel. At 70 kips, tension cracks had
widened and developed across the beam. In addition, they had spread
into the second course and had become inclined in areas between the load
and beam supports.

Initial diagonal tension cracks formed at 80 kips in areas
between the Toad and beam supports. From this load to failure, similar
diagonal tension cracks appeared parallel to the original ones. In
addition, the original cracks were expanding towards the load and beam
supports. However, the tension cracks did not expand above the second
course,

Failure occurred suddenly in both beams by the opening of
diagonal tension cracks from the compression zone down to the longitudinal
steel. Beam #23 failed at 142 kips with a midspan deflection of 0.49 in.
and a P(test)/PV(Ca]c.) ratio of 1.13. Beam #24 failed at 150 kips with
a midspan deflection of 0.48 iﬁ. and a P(test)PV(calc.) ratio of 1.20.

Beam details, load-midspan deflection curves and photographs
at failure are shown in Figures 74 to 78 inclusive. Test data is listed

in Tables XXVI to XXVIII inclusive. (See Pages 136 to 142).

Beam #25

Beam properties were: four courses using the H-block in
upper courses; 0.955% longitudinal steel; 0.328% vertical steel;
concrete strength of 4740 p.s.j.

Behavior was essentially elastic for the first 25 kips of
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applied Toad. At this point a small change in slope occurred in the
Toad-midspan deflection curve, indicating initial cracking. At 30 kips,
initial tension cracks appeared up to the level of the Tongitudinal

steel. These cracks widened and developed across the beam with in-
creased load. At 60 kips, tension cracks had expanded up to the third
course, and cracks near the load supports were becoming somewhat inclined.

Diagonal tension cracks appeared at 70 kips midway between
the load and beam supports. These cracks developed with increased
Toads but not to the extent of previous diagonal tension cracks. The
tension steel appeared to yield at about 110 kips. At this point, the
Toad was held constant for 10 minutes. The Toad was then slowly increased
to failure.

The beam failed by yielding of the longitudinal steel
followed by large deflections and fina11y crushing of the concrete in
the compression zone. On crushing of the concrete, the load dropped to
100 kips and remained steady, indicating a ductile failure.

Beam #25 failed at 133 kips with a midspan deflection of 1.3
in. and a P(test)/Pf(ca1c.) ratio of 1.29. The beam rebound was 0.5 in.
on removing the load. |

Beam details, Toad midspan deflection curve and photographs
at failure are shown in Figures 79, 80 and 82. Test data is listed in

Table XXIX and XXXI. (See Pages 143 to 148).

Beam #26:
Beam properties were four courses using the H-block in
upper courses; 0.95% longitudinal steel; 0.24% web reinforcement

inclined at 45° to longitudinal axis; concrete strength of 4100 p.s.i.
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The loading behavior and mode of failure were similar to
Beam #25. This is not surprising since the only physical difference
in the two beams was the concrete strength and web reinforcement.

Again, the failure was ductile with the beam capacity reducing to 80
kips after failure.

Beam#26 failed at 128 kips with a midspan deflection of 1.4 in.
and a P(test)/Pf(calc.) ratio of 1.22. A rebound of 0.49 in. was recorded
on removing the load.

Beam details, load-midspan deflection curve and photographs
at failure are shown in Figures 79, 81 and 83. Test data is listed in

Tables XXX and XXXI. (See Pages 143 to 148).

(b) Wall Sections:

The test results are summarized with the help of tables,
curves and photographs. These are found in the appendix under Tables XXXII
to XXXVII inclusive and Figures 84 to 92 inclusive.

Gauges 1,2 and 3 situated on the right face of the section,
indicate a lateral displacement to the left by a negative reading. On
the other hand, gauges 4,5 and 6 situated on the left face, indicate a
displacement to the right by a negative reading, and a displacement to
the Teft by a positive reading. Thus by taking the algebraic sum of
the two gauge readings at any level, the lateral expansion of the section

can be determined. This is illustrated in Figure 27.

Mode of Failure

The failure pattern was similar for all six sections and
resulted by crushing of top two to six courses of the sections. In

addition, four of the sections split vertically from the top through the
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FIGURE 27: WALL SECTION GAUGE DISPLACEMENTS

mortar joints to almost mid-depth.

Failure occurred suddenly by spalling of concrete block and
fill near the top of thé section. In some cases the complete top
was destroyed causing the section to fall sideways in the frame.
Figures 28 and 29 show photographs of a section during failure. Pieces
of concrete block and fill can be seen in the air.

The identical failure mode was not surprising since all
section propertie§ and dimensions were similar except for the methods
of consolidation of the concrete. Due to the crushing type of failure,

Tateral deflections were small, less than 1/10 of an inch.

Analysis

The sections were analysed by ultimate strength design in
accordance with"ACI Standard Building Code for Reinforced Concrete,
(ACI 318-63) Section 2202

As in the beams, the concrete fill was assumed to cover the

complete section. This is illustrated in Figure 30.
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ACTUAL SECTION TRANSFORMED SECTION
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FIGURE 30: TRANSFORMED WALL SECTION

- The ultimate stress was found from the equation :-

_ 3 h \3
f = 0.427 f', [1 - (—m)] ----------- (1)

—

where ' = concrete cylinder strength

h = height of wall section

t = overall thickness of wall section.
- The ultimate load was found from the equation:-
P = t.w.fg

where w = overall width of section.

Individual Behavior

Section 1:

The concrete fill was rodded and the cylinder strength at
time of test was 4975 p.s.i. The mortar cube strength was 1825 p.s.i.

The section showed no cracks during the loading period. The
gauges were removed at 197.5 kips with a maximum lateral displacement
of 0.047 ins. The Toad was increased in 4 kip increments until failure
at 249 kips. Failure occurred by vertical splitting along the mortar
joints of the top three courses. The section fell and was further
damaged on hitting the side of the frame. The P(test)/ P(calc.) ratio

was 1.1.
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Curves showing the lateral displacement and expansion, are
given in Figures 84 and 86, a photograph at failure is shown in Figure 87.
Test data is Tisted in Table XXXII. (See Pages 149, 151 to 153).
Section 2:

The concrete fill was rodded and the cylinder strength at
time of test was 4660 p.s.i. The mortar cube strength was 1900 p.s.i.

The load was applied in 10 kip increments up to 200 kips.
At 100 kips, a vertical crack appeared at the side of the second block
from the top of the section. There was no further development of this
crack on increasing the Toad. The gauges were removed at 197 kips with
a maximum tateral displacement of 0.080 ins. The section failed at
221 kips with a P(test)/P(calc.) ratio of 1.04. Failure occurred
suddenly with the spalling of concrete block and fill in the top four
courses. The central core in this area was not destroyed. This kept
the section in place.

Curves showing the lateral displacement and expansion are
given in Figures 84 and 86. A photograph at failure is shown in
Figure 88 and test data is listed in Table XXXIII. (See Pages 154 and 155).
Section 3: _

The concrete fill was rodded and the cylinder strength at
time of test was 4075 p.s.i. The mortar cube strength was 1805 p.s.i

The load was applied in 10 kip increments up to 200 kips.
At this point, the gauges were removed, 5The maximum lateral displace-
ment at this time being 0.099 inches. The Toad was then increased in
8 kip increments. There was no visible cracking prior to failure at
228 kips. Failure was caused by crushing of the top three courses.

In addition, the section was split along the vertical mortar joints
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from the top to the middle of the section. The P(test /P(calc.) ratio

was 1.22.
Curves of lateral displacement against Toad and a photograph
at failure are shown in Figures 84 and 89. Test data is listed in

Table XXXIV. (See Pages 156 and 157).

Section 4:

The concrete fill was vibrated and the cylinder strength at
time of test was 4735 p.s.i. The mortar cube strength was 2065 p.s.i.

Load was applied in 10 kip increments throughout the test.
Gauges were removed at 260 kips; the maximum lateral displacement at
the time being 0.032 ins. Failure occurred suddenly at 292 kips with
the crushing of the top three courses and vertical splitting along the
mortar joints of the top eight courses. The P(test)/P(calc.) ratio was
1.35. Curves of lateral displacement against load and a photograph at
failure are shown in Figures 85 and 90. Test data is listed in

Table XXXV. (See Pages 150, 158 and 159).

Section 5:

The concrete fill was vibrated and the cylinder strength at
time of test was 4325 p.s.i. The mortar cube strength was 2115 p.s.i.
Load was applied in 10 kip increments throughout the‘test.
The gauges were removed at 236 kips with the maximum Tateral displacement
being 0.025ins. At this pofnt, a vertical crack had appeared in the
top course mortar joint. Similar cracks had also appeared in the
bottom four cburses. Failure occurred suddenly at 244 kips by spalling
of concrete block and fill from the top to a depth of nine courses.
The P(test)/P(calc.) ratio was 1.24.

Curves of Joad against Tateral displacement and a photograph at
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failure are shown in Figures 85 and 91. Test data is Tisted in Table XXXVI.

(See Pages 160 and 161).

Section 6:
The concrete fill was vibrated and cylinder strength at time
of test was 4625 p.s.i. The mortar cube strength was 2115 p.s.i.
The Toad was applied in 10 kip intervals up to 240 kips. At
this point, the maximum lateral displacement was 0.058 ins. Upon
removing the gauges, the loading was continued 1n’4 kip increments. At
260 kips, a vertical crack had developed in the bottom course mortar joint.
The section failed suddenly at 280 kips with spalling of concrete block
and fi11 from the top three courses. The P(test)/P(calc.) ratio was 1.24.
Curves of Toad against lateral displacement and a photograph
at failure are shown in Figures 85 and 92. Test data is Tisted in

Table XXXVII. (See Pages 162 and 163).
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TV. EVALUATION OF TEST RESULTS

(a) Beams

Table VIII presents a summary of propérties and results for
all 26 beams tested. Included in the summary aré the calculated failure
Toads by Ultimate Strength Analysis for shear and flexure, denoted by

PV and P1c respectively. PV and P are also shown on the load - midspan

B
deflection curves. The P(test)/P(calc.) ratio was calcuiated for each
beam. The P(calc.) value used was the P, or P that governed failure.
The 26 beams tested yield:an average P{test)/P(calc.) ratio of 1.14
The 7 beams governed by flexure yielded an average P{test)/P(calc.) ratio
of 1.18. The remaining 19 beams were governed by shear, 8 beams, with
web reinforcement, yielded an average P(test)/P(calc.) ratio of 1.207.
The results of the beams without web reinforcement can be compared
to results of reinforced concrete beams tested by Moody, Elstner,
Hognestad and Viestlé. Their analysis andvproperties were similar to
the author's. The P({test)/P(calc.) ratio was 1.076 for 45 beams tested.
This compares to a P(test)/P(calc.) ratio of 1.207 for 11 beams tested
by the author.
The results of the beams with web reinforcement can be compared to

results of 94 beams tested by Clark , Gura]nick6 . Morettols, ThurstonZ',

Bresler and Scordelin® . These tests yielded an average P(test)/Pv(éa1c.)
ratio of 1.368 compared to a 1.01 for 11 beams tested by the author.
However, it must be pointed out that the percentage of longitudinal steel
in these beams was generally three times 1afger‘than the author's. This
would account for the increase in capacity.

The mid-span deflections at ultimate Toad are listed in Table VIII
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together with the load at which the maximum allowable (L/30) of 0.4 in.
was reached. In addition, the allowable deflection is shown on all
Toad-midspan deflection curves.

With the exception of Beams #1 and #2, all beams reached
their maximum allowable deflection at loads greater than 65% of ultimate
load. Assuming a working toad of 50% of uitimate, it can be said that
the deflections wére not critical. However, tension cracks‘were
visible up to the Tevel of the 1ongitudina1 steel from loads of 40%
of ultimate. These cracks were not structurally important as the concrete
below the neutral axis was assumed to crack in any case. It was found
that the deflection decreased by.about 40% when the percentage of longi-
tudinal steel was doub1éd} |

Beams #3 to #10 inclusive all exceeded their computéd shear
and flexural capacities. Since the only variable in these beams was
- the shape of the block in the second course, the performance of the
individual type block can be evaluated. |

The ultimate load varied from 20 kips to 23 kips, thus the
performance cannot be evaluated on this basis. However, the H-block
was chosen for the continuation of the test program on other merits, ;4;f
which were as follows:

(1) With a single web in the centre, the H-block was

balanced and cou1d»be easily held and laid.

(2) The vertical joints were offset from the web, preventing

a vertical mortar joint from crossing one face to the other,

This formed a moisture controlled joint and prevented the

mortar joints from crossing the compression zone. (See

Figure 31).



76

MORTAR JOINT/ /H—BLOCK

i 7 I
i) R JUE - S DRt SR S RN
< CUptos Ry B e s L CONCRETE FILL
&y, L P00 O A
| 1l

FIGURE 31: BEAM COMPRESSION FACE SHOWING H-BLOCK

(3) Horizontal continuity and placement of concrete was

best achieved.

Three beams failed at loads below their theoretical capacity.
Beam #2 failed at 3.5 kips while its theoretical flexural capacity was
4,15 kips.

Beams #19 and #20, with similar dimensions and-properties,'
both failed at loads below their theoretical capacity. The governing
criteria in this case was shear with a theoretica1 capacity of 91 kips
whereas Beams #19 and #20 failed at 57 and 69 kips respectively.

Their are several reasons why these beams failed below their
theoretical capacity, which became evident when the beams were broken
apart and inspected. The concrete was not well placed around the
- Tongitudinal steel in the end zone., The reason for this was insufficient
vibration. (In fact, the éoncrete was delivered at a fast rate with
only one vibrator on the job.} This resulted in poor anchorage of both
the longitudinal and verticé] stée], thereby reducing their shear
capacity.

The bond had been broken between the vertical face of the
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blocks' webs and the concrete fill. This resulted in a failure crack
greater than 45 degrees to the horizontal, thereby crossing‘fewer
vertical stirrups than calculated in design. It is the author's opinion
that the vertical stirrgps were ineffective in these beams. In this
case, the P(teSt)/Pv(calc.) ratio for beams 19 and 20 would have been
; 1.11 and 1.35 respectively

The compressive strength of the mortar was always Tess than
the compressive sfrength of the concrete b]ock’or fi11. However,
crushing failures always developed in the concrete block or fill and
never in.the mortar. This agrees with the tests conducted by Hﬂsdorf8 .
which proves that mortar in a joint can sustain a higher compressive
stress than when subjected to a cube test. This is explained by the
bond and friction developed at the block and mortar inferface which
confines the mortar. Thus an internal state of stress develops which
causes triaxial compression in the mortar. It is only because of this
triaxial stété of compression that a mortar joint can be subjected to
external stresses which exceed the uniaxial compressive stress of the
mortar. |

As may be expected, vertical cracks always started at mortar
joints in the bottom course. However, in the one and two course beams,
simi]ar'cracks also appeared at the centre of the blocks. The presénce
of the vertical joints may have caused initial cracking at an earlier
Toad, but in no way did they influence the ultimate capacity of the
beams. |

Diagonal tension cracks genera11y'stafted midway between the
load and end bearing supports. Their slope was about 45 degrees to the

Tongitudinal axis. It was found that when they crossed a vertical or
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horizontal mortar joint, the direction of the cracks was not usually
changed by the presence of the mortar joints. Thus it can be con-
cluded that the presence of the mortar joints did not constitute weak
joints for the development of diagonal tension cracks.

The overall performance and results of the 26 beams tested
agreed very closely with numerous previous tests on rein%orced concrete
beams. It was noted that beams without web reinforcement sustained
greater loads than those forminé initial diagonal tension cracks .

Since no force can be transmitted across the crack, a redistribution

of internal forces takes place. The shear force is then.carried

partly by the dowel action in the longitudinal reinforcement, but mainly
by the concrete in the uncracked compression zone.

Initial diagonal tension cracks were formgd at an eér11er
percentage of ultimate Toad in beams with web reinforcement. This
agrees with previous resu]ts'by others that the vertibal steel does not
become stressed until after theAformation of diagonal tensionicracks.
The verticé1 steel may have yielded at failure, but in no case was their
ultimate tensile capacity reached.

(b) Wall Sections:

Table IX presents a summary of properties and results for
the six sections tested. Included in the summary are the ca]cu1ated
stresses and loads by ultimate strength analysis dendted by fc(calc.) and
P(calc.). The actual compressive stresses and Toads at failure are
denoted by fc(test) and P(test).

The average P(test)/P(calc.) ratios were 1.12 for the rodded
sections and 1.30 for the vibrated sections. The average cylinder

strengths were 4570 p.s.i. for the rodded sections and 4561 p.s.i. for
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TABLE IX

SUMMARY OF WALL SECTION PROPERTIES AND RESULTS

Wall Section Properties

Wall Section Results

mwwwg Type of t W h ﬁ_e ﬁ_m ﬁvomgov Jnn Awmmﬁvanwgnv wAﬁwmﬁv P(test) | fe (test)

No . consolidation | (ins){(ins){(ins)|(psi) | (psi) || (psi (psi) (kips) | (kips) | P(calc.) i
1 rodded 7 5/8]155/8| 144 | 1825 4975 1900 2084 227 249 1.1 . 0.420
2 rodded 7 5/81155/81 144 | 1900 4660 1785 1842 212 221 1.04 0.396
3 rodded 7 5/8|155/8| 144 | 1805 4075 1560 1900 186 228 1.22 0.466
4 vibrated 7 5/81155/8| 144 | 2065 4735 1810 2430 216 292 1.35 0.513
5 vibrated 7 5/81155/8| 144 | 2115 4325 1650 2030 197 244 1.24 0.470
6 vibrated 7 5/8{155/8| 144 | 2115 4625 1770 2330 211 - 280 1.32 0.502
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the vibrated sections. With the cylinder strengths virtually the same,
it is seen that the vibrated sections yielded ultimate loads 16%
higher than the rodded sections. The average fc (test) was 1940 p.s.i.
for the rodded sections and 2260 p.s.i. for the vibrated sections.
Comparing with the cylinder strengths, the average fc (test)/f'c was 0.425
for the rodded sections and 0.491 for the vibrated sections.
| These results can be compared to 12 concrete walls, tested by

Richart23

and analysed in similar manner to the author's. The average
P(test)/P(calc.) ratio was 1.8. However for walls with cylinder
strengths in the 4000 p.s.i. range, the P(test)/P(calc.) ratio was
reduced to 1.4. This ratio compares with the author's of 1.3 for
vibrated wall sections. The fact that the compressive strength of walls
does not increase proportionately with the cylinder strength has been
proven by other investigators. Several series of tests reported by
Seddon24 indicate up to a 20% increase in compressive strength with the
addition of reinforcement. It should be noted that Richart's tests con-
tained refnforcement. The mode of failure in the tests reported by
Seddon was again similar to the author's, namely local crushing of
concrete below the bearing plate and vertical splitting of the wall.

Although the mortar was the weakest of the three materials,
there is no evidence to indicate that failure was caused by crushing of
the mortar joint.

The similar failure pattern found in the six sections can be
accounted for in several ways:
(1) The concrete in the bottom of the section could be of

a higher strength-than at the top. This concrete would be

subjected to the impact Toads and weight of a twelve foot
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column of concrete. This in turn could result in better
consolidation and hence a higher strength concrete at the
bottom.

(2) The top course contained two split blocks, while the
bottom course contained a single block. Since the mortar
joint was not grouted solid, but only buttered at the ends,
the effective bearing area was reduced. (See Figure 32)

(3) The end bearing plates could have transferred the loads
from the frame and jack in different positions. This could

introduce Tocal stresses in excess of the average stress in

TOP COURSE BOTTOM COURSE

/—MORTAR JOINT

Pl CONCRETE FILL ——

'CONCRETE BLOCK

FIGURE 32: WALL SECTION BEARING AREAS

TOP BEARING PLATE BOTTOM BEARING PLATE
\mlg’ S, —

—— WALL SECTION

i
V

FIGURE 33: WALL SECTION BEARING EFFECTS
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FIGURE 34: CRACKED ZONE OF WALL SECTION

the section. The top bearing plate was more rigid at the

centre while the bottom bearing plate was more rigid along

the outer edges. This would result in the bearing plate
causing the section to bulge at the top and to be confined

at the bottom. (See Figure 33).

There isyadditiona1 evidence to indicate that the bearing
plates were in fact causing such end conditions. For sections 1 and 2,
gauges were installed on opposite faces to measure any lateral expansion.
These results are plotted in Figure 86. They indicate a consistent
expansion of thé sections near the top, in the order of 0.015 in. to
0.022 in. for a 200 kip Toad.

At the middle and bottom of the sections, there is a scatter
of readings on either side of the axis of zero expansion. However, the
readings at the bottom indicate a small contraction of both sections.

Pofsson's effect could have caused a maximum expansion of
about 0.002 in. for the loads reached. Thus the relatively large
expansion only at the top of the sections would indicate an end effect

caused by the bearing plate. This expansion now leads to the question



83

of block separation prior to failure. In section 2, a vertical crack
appeared in the side of the second block from the top, at a load of
100 kips. (See Figure 34).

This would further indicate that the concrete block shell was
in fact separating from the inner core of concrete. Since my measured
or visual evidence of expansion only occurred near the top of the sections,
the separation should be considered a local condition.

Another similarity in the failure mode was the vertical
splitting of four of the sections at failure. This split started from
the top course and separated the sections along the vertical mortar
joints to about mid-depth. There was in fact a plane of weakness along
the sections due to the vertical mortar joints. Thus any lateral tension
generated in a section would cause it to split along those joints.

The mode of failure and recorded lateral displacements
indicated a definite crushing failure in all the sections. However,
the lateral displacements did indicate some bending was occurring
(See Figures 84 and 85). This bending could have been caused by a
small eccentricity in the loading system but in no way contributed to

failure.
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Y CONCLUSIONS

The 26 beams aﬁd 6 wall sections tested verified the two
assumptions made, namely: \ |
(1) Unity of action exists between the block, concrete fill and
the reinforcement in properly built block-formed structural
elements.,
(2) Each individual component of the construction-blocks, concrete
fi11, masonry and reinforcement - contributes to the ultimate

strength of the composite construction.

Beams governed by shear generally produced sudden or brittle
type failures while those governed by flexure produced gradual or
ductile failures. However, the deflections for the beams govérned by
flexure were about 40% greater than those governed by shear, when
comparing beams of similar dimensions. These results agree with numerous
previous tests conducted on reinforced concrete beams.

The average P(test)/P(calc.) ratios for the beams and wall
sections were 114 and 1.21 respectively. Thus block-formed structural
members can be safely designed by Ultimate Strength Theory based on
"ACI Building Code for Reinforced Concrete”.

The mortar strengths were about 80% of the concrete strength
in the beams and 40% of the concrete strength in the wall sections,
however, failure in both beams and wall sections was naver caused by
crushing of the mortar joint. Therefore, provided the mortar strength
is not less than 40% of the concrete strength, the compressive strength
of the concrete f111 can govern the design.

The horizontal mortar joints of the beams all contained joint
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reinforcement, thus no evaluation can be made on the advantage of such
reinforcement. However, as this reinforcement crossed all diagonal
tension cracks, some benefit would have resulted. On the other hand,
the wall sections did not contain any joint reinforcement so neither
can any evaluation be made on this basis. However, the presence of
joint reinforcement near the top of the sections would have delayed
the splitting type failures. .

A high slump concrete (about 8") is essential for proper con-
solidation of the concrete in block-formed walls. It was evident that
water was absorbed by the block from during filling. This resulted in
immediately lowering the w/c ratio thus increasing the concrete strength.
In addition, vibrating the concrete fi11 increases the wall strength by
16% over rodding the fill.

Poor stirrup anchorage was a partial cause for the premature
failure of two beams. Therefore, the adequacy of a standard hook at
the bottom of the single leg stirrup is questionable. |

The function of the concrete block is primarily that of a form,
therefore the ASTM specifications on face-shell and web thicknesses can
be neglected. These dimensions should be governed by handling stresses
and Tateral pressures imposed by the concrete fill. However, fhe com-
pressive strength of the net block area should conform to ASTM specifi-
cations.
| The H-block is fhe most suitable for both beam and wall members.
The webs could be recessed to carry longitudinal steel where requiredﬂ
The Tintel block used in tHe bottom courses of the beams, with its present
shape makes concrete placement difficult around the bottom steel. Both

the bottom and face-shell dimensions could be reduced to 1 1/4".
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design can be based on the concrete fill strength for the overall section.
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VI RECOMMENDED DESIGN AND
CONSTRUCTION PROCEDURES

The design methods should be similar to that of reinforced

With design mortar strengths 50% of the concrete fill, the

The web reinforcement should be designed to carry the total shear in

beams.

The construction methods should follow standard construction

procedures for both reinforced concrete and masonry construction. In

addition, certain procedures should be adopted.

(1)

(2)

(3)

Excess mortar should be removed from the interior of the
blocks and from the reinforcement. For a wall, a hole should
be provided at thé bottom through which this mortar could

be removed. For a beam, where a clean-out hole may be im-
practical, the bottom steel should be raised to provide a
receptacle for the mortar. This mortar could ramain below the
steel without affecting the performance.

The cores should not be filled until 24 hours after mortaring
the blocks. However, more time would be needed if conditions
retarded the setting of mortar.

The concrete i1l should have about an 8" slump with either

rodding or vibration as the method of consolidation.
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VIT SUGGESTED FUTURE RESEARCH

Further researéh is necessary in both beams and wall sections.

The ductility and shear cépacity of beams should be considered,
An effective method would involve testing beams of similar overall
dimensions but changing the percentages of steel, stirrup spacing, top
steel and possibly loading arrangement. Tests on restrained beams are
important. Additional beams could be tested with the blocks put together
wiﬁhout mortar or with certain courses left unfilled.

Wall sections could be built with‘varying percentages of rein-
forcement and tested under axial, eccentric and Tateral Toading arrange-
ments.

There is little information available on the subject of dura-
bility, moisture penetraticn and resistance to the action of freezing
and thawing, in spite of its importance. Raesearch should be performed

to determine these qualities and how they may be improved.
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__Pg(cale)

q_

G+ A

N

maximum allowable

+ -+

I deflection

o |

© i ! ! ] 1 ]

e—o—o BEAM |
o—o—0 BEAM 2.

i ! |

04 06 0-8 1-0 -2
MIDSPAN DEFLECTION (INS)

-4 l-6 -8

figure 35! details and load—deflection curves for beams ! and 2
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BEAM 1 SHOWING FLEXURAL FAILURE

FIGURE 36

URE

BEAM 2 SHOWING FLEXURAL FAIL

FiIGURE 37
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TABLE X

TEST DATA FOR BEAMS 1 AND 2
LOAD~MIDSPAN DEFLECTION RESULTS

Load (Bm.1)  Deflection (Bm.1) Load (Bm.2) Deflection (Bm.2)
(kips) (inches) (kips) - (inches)

0.0

.040
.075
.085
.095
.105
.115
.125
.155
.185
.210
.240
.270
.300
.335
.370
.400
430
.460
490
.530
.555
.585
.615
.640
.675
.720
.750
. 780
.810
.840
.870
.910
.940
975
.020

0.0
.021
.031
.047
.068
.090
.117
.156
.188
.218
247
.278
.310
335
365
.400
.430
.460
.490
.520
.550
575
.605
635
.670
.705
.735
.765
.795
825
.850
.925
.985
.055
.125
.185
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figure 38: details and load-deflection curves for beams 3 and 4
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BEAM 3 SHOWING FLEXURAL FAILURE
FIGURE 39

BEAM 4 SHOWING FLEXURAL FAILURE
FIGURE 40
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TABLE XI

TEST DATA FOR BEAMS 3 AND 4
LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm.3) Deflection (Bm.3) Load (Bm.4) Deflection (Bm.4)
(kips) (inches) (kips) (inches)
0.0 0.0 0.0 0.0
0.5 0.007 0.5 0.002
1.0 0.015 1.0 0.005
1.5 0.024 1.5 0.012
2.0 0.033 2.0 0.020
2.5 0.042 2.5 0.029
3.0 0.052 3.0 0.039
3.5 0.060 3.5 0.050
4.0 0.070 4.0 0.060
4.5 0.090 4.5 0.072
5.0 (0.095 5.0 0.084
5.5 0.102 5.5 0.095
6.0 0.112 6.0 0.106
6.5 0.122 6.5 0.109
7.0 0.136 7.0 0.134
7.5 0.148 7.5 10.148
8.0 0.158 8.0 0.162
8.5 0.170 8.5 0.180
9.0 0.188 9.0 0.192
9.5 0.204 9.5 0.210
10.0 0.220 10.0 0.234
10.5 0.255 10.5 0.258
11.0 0.268 11.0 0.272
11.5 0.288 11.5 0.288
12.0 0.302 12.0 0.310
12.5 0.316 . 12.5 0.325
13.0 0.334 13.0 0.340
13.5 0.355 13.5 0.354
14.0 0.370 14.0 0.368
14.5 0.380 14.5 0.388
15.0 0.405 : 15.0 0.401
15.5 0.430 15.5 0.420
16.0 0.438 16.0 0.433
16.5 0.450 16.5 0.450
17.0 0.474 17.0 , 0.464
17.5 0.487 17.5 0.480
18.0 0.502 18.0 0.495
18.5 0.520 18.5 0.513
19.0 0.538 ©19.0 0.530
19.5 0.558 ‘ . 19.5 0.552
20.0 0.600 20.0 0.570
20.5 0.670 20.5 0.670
21.0 0.720 21.0 0.770
22.0 0.800 22.0 0.900
0 0

950
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‘BEAM 5 SHOWING SHEAR FAILURE

FIGURE 42

BEAM 6 SHOWING SHEAR FAILURE

FIGURE 43
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TABLE XII

TEST DATA FOR BEAMS 5 AND 6
LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm,5) Deflection (Bm.5) Load (Bm.6) Deflection (Bm.6)
(kips) (inches) (kips) (inches)
0.0 0.0 0.0 0.0
0.5 0.007 0.5 0.006
1.0 0.012 1.0 0.011
1.5 0.020 1.5 0.020
2.0 0.028 2.0 0.027
2.5 0.043 2.5 0.036
3.0 0.046 3.0 0.045
3.5 0.055 3.5 0.056
4.0 0.065 4.0 0.065
4.5 0.076 4.5 0.075
5.0 0.086 5.0 0.088 -
5.5 0.098 5.5 0.100
6.0 0.112 6.0 0.109
6.5 0.120 6.5 0.122
7.0 0.135 7.0 0.132
7.5 0.148 7.5 0.147
8.0 0.160 8.0 0.162
8.5 0.180 8.5 0.176
9.0 0.205 9.0 0.205
9.5 0.232 9.5 0.232
10.0 0.255 10.0 0.250
10.5 0.275 10.5 0.266
11.0 0.285 11.0 0.280
11.5 0.296 11.5 0.296
12.0 0.315 12.0 0.310
12.5 0.333 12.5 0.330
13.0 0.348 13.0 0.348
13.5 0.374 13.5 0.365
14.0 0.390 14.0 0.382
14.5 0.402 14.5 0.402
15.0 0.420 15.0 0.415
15.5 0.440 15.5 0.428
16.0 0.450 16.0 0.446
16.5 0.465 16.5 0.462
17.0 0.485 : 17.0 0.479
17.5 0.500 17.5 0.496
18.0 0.515 18.0 0.510
18.5 0.540 18.5 0.528
19.0 0.552 ' 19.0 0.545
19.5 0.570 19.5 0.565
20.0 0.590 20.0 0.580
20.5° 0.650 . 20.5 0.605
21.0 0.700 . 21.0 0.700
22.0 0.800 22.0 0.750
23.0 0.900



APPLIED LOAD (KIPS)

3

J p/2 p/2

E
Ls"T 48" [ 48" t 4;" :1:8",‘, _|75gj__

LONGITUDINAL SECTION

100

UL AR AR Ra mnaplen sy

12-5
J —2-No.6

30
25)
BEAM 8\
o _Pgledle
20 - —’— Pv(co!c.)_‘t__ +
e —BEAM 7
15[
10 L
+ + +
l maximum allowable
5 deflecfiAon
| 1 1 1 i 1 ] | 1
o 0 0-2 03 0-4 0-5 06 07 0-8 0.9

MIDSPAN DEFLECTION (INS)

figure 44 : details and load-deflection curves for beams 7 and 8
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BEAM 7 SHOWING SHEAR FAILURE

FIGURE 45

XURAL FAILURE

BEAM 8 SHOWING FLE

FIGURE 46



Load (Bm.7)

TABLE XIII

TEST DATA FOR BEAMS 7 AND 8

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.7)

Load (Bm.8)

102

Deflection (Bm.8)

(Kips) (inches) (kips) (inches)
0.0 0.0 0.0 0.0
0.5 0.008 0.5 0.007
1.0 0.015 1.0 0.014
1.5 0.023 1.5 0.021
2.0 0.032 2.0 0.028
2.5 0.042 2.5 0,035
3.0 0.052 3.0 0.043
3.5 0.065 3.5 0.051
4.0 0.075 4.0 0.060
4.5 0.085 4.5 0.070
5.0 0.098 5.0 0.080
5.5 0.110 5.5 0.090
6.0 0.125 6.0 0.100
6.5 0.138 6.5 0.110
7.0 0.152 7.0 0.120
7.5 0.165 7.5 0.133
8.0 . 0.180 8.0 0.145
8.5 0.195 8.5 0.160
9.0 0.215 9.0 0.178
9.5 0.236 9.5 0.190

10.0 0.270 10.0 0.222
10.5 0.288 10.5 0.240
11.0 0.308 11.0 0.262
11.5 0.322 - 11.5 0.276
12.0 0.340 12.0 0.290
12.5 0.355 12.5 0.305
13.0 0.370 13.0 0.320
13.5. 0.386 13.5 0.332
14.0 0.408 14.0 - 0.346
14.5 0.420 14.5 0.363
15.0 0.435 15.0 0.380
15.5 0.458 15.5 0.3%97
16.0 0.480 16.0 0.412
16.5 0.495 16.5 0.430
17.0 0.510 17.0 0.445
17.5 0.530 17.5 0.460
18.0 0.545 18.0 0.480
18.5 ‘0.562 18.5 0.495
19.0 0.580 19.0 0.515
19.5 0.600 18.5 0.535
20.0 0.618 20.0 0.5563
20.5 0.645 20.5 0.575
21.0 0.670 21.0 0.650
21.5 0.750 22.0 0.750

" 23.0. 0.850
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figure 47: details and load-deflection curves for beams 9 and 10
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BEAM 9 SHOWING FLEXURAL FAILURE

FIGURE 48
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TEST DATA FOR BEAMS 9 AND 10
LOAD-MIDSPAN DEFLECTION RESULTS

TABLE X1V

Load (Bm.9) Deflection (Bm.9) Load (Bm.10) Deflection (Bm.10)
(kips) (inches) (kips) (inches)
0.0 0.0 0.0 0.0
0.5 0.010 0.5 0.007
0.8 0.013 1.0 0.015
1.0 0.018 1.5 0.024
1.3 0.022 2.0 0.034
1.5 0.028 2.5 0.045
1.8 0.033 3.0 0.055
2.0 0.036 3.5 0.067
2.3 0.040 4.0 0.083
2.5 0.048 4.5 0.098
3.0 0.060 5.0 0.110
3.5 0.075 5.5 0.128
4.0 0.090 6.0 0.144
4.5 0.105 6.5 0.158
5.0 0.120 7.0 0.170
5.5 0.140 7.5 0.190
6.0 0.156 8.0 0.208
6.5 0.170 8.5 0.220
7.0 0.190 9.0 0.240
7.5 0.205 9.5 0.262
8.0 0.220 10,0 0.280
8.5 0.235 10.5 0.300
9.0 0.250 11.0 0.318
9.5 0.270 11.5 0.332
10.0 0.285 12.0 0.358
10.5 0.305 12.5 - 0.370
11.0 0.325 13.0 0.385
11.5 0.338 13.5 0.400
12.0 0.355 14.0 0.412
12.5 0.375 14.5 0.428
13.0 0.390 15.0 0.442
13.5 0.410 15.5 0.483
14.0 0.430 16.0 0.485
14.5 0.450 16.5 0.500
15.0 0.465 17.0 0.512
15.5 0.485 17.5 0.525
16.0 0.500 18.0 0.545
16.5 0.528 18.5 0.560
17.0 0.540 19.0 0.575
17.5 0.555 19.5 0.600
18.0 0.575 20.0 0.660
18.5 0.600 20.5 0.750
19.0 0.620 21.0 0.850
19.5 0.645 - 21.5 0.950
20.0 0.700 21.5 0.950
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BEAM 11 SHOWING SHEAR FAILURE

FIGURE 52
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TABLE XV
TEST DATA FOR BEAMS 11 AND 12
- LOAD-MIDSPAN DEFLECTION RESULTS
Load (Bm.11) Deflection (Bm.11) Load (Bm.12) Deflection (Bm.12)

(kips) (inches) (kips) _ (inches)

- 0.0 0.0 0.0 0.0
0.5 0.006 0.5 ©0.004
1.0 0.012 1.0 0.007
1.5 0.018 1.5 0.012
2.0 0.024 2.0 0.018
2.5 0.030 2.5 0.024
3.0 0.036 3.0 0.031
3.5 0.042 3.5 0.039
4.0 0.049 4.0 0.046
4.5 0.055 4.5 0.054
5.0 0.060 5.0 0.062
6.0 0.080. 6.0 0.077
7.0 0.100 7.0 0.094
8.0 0.120 8.0 0.111
9.0 0.140 9.0 0.130
10.0 0.160 10.0 0.148
11.0 0.185 11.0 0.168
12.0 0.210 12.0 0.188
13.0 0.230 13.0 0.208
14.0 0.260 14.0 0.232
15.0 0.290 15.0 0.256
16.0 0.320 16.0 0.280
17.0 0.350 17.0 0.304
18.0 0.380 18.0 0.330
19.0 0.405 19.0 0.362
20.0 0.430 20.0 0.388
21.0 0.460 21.0 0.418
22.0 0.490 22.0 0.440
23.0 0.520 23.0 0.460
24.0 0.550 24.0 0.485
25.0 0.590 25.0 0.518
26.0 0.620 26.0 0.544
27.0 0.650 27.0 0.570
28.0 0.690 28.0 0.600
: 29.0 0.630
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BEAM 14 SHOWING SHEAR FAILURE

FIGURE 55
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BEAM 15 SHOWING DIAGONAL TENSION CRACK

FIGURE 57
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BEAM 15 SHOWING SEPARATION OF END BL.OCK

FIGURE 58
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LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XVI
TEST DATA FOR BEAM 14

114

Load (Bm.14) Deflection (Bm.14) Load (Bm.14) Deflection (Bm.14)
(kips) {inches) (Kips) (inches)
0.0 0.0 41.0 0.250
1.0 0.005 42 .0 0.258
2.0 0.008 43.0 0.264
3.0 0.010 44,0 0.274
4.0 0.014 45.0 0.280
6.0 0.022 46.0 0.290
7.0 0.028 47 .0 0.300
8.0 0.032 - 48.0 0.308
9.0 0.037 49.0 0.318
10.0 0.041 50,0 0.328
11.0 0.046 51.0 0.337
12.0 0.052 52.0 0.345
13.0 0.056 53.0 0.358
14.0 0.060 54.0 0.360
15.0 0.066 55.0 -0.384
16.0 0.072 56.0 0.388
17.0 0.076 57.0 0.394
18.0 0.082 58.0 0.410
19.0 0.089 539.0 0.417
20.0 0.094 60.0 0.428
21.0 0.100 61.0 0.442
22.0 0.108 62.0 0.450
23.0 0.114 63.0 0.460
24.0 0.120 64.0 0.466
25.0 0.126 65.0 0.475
26.0 0.135 66.0 0.485
27 .0 0.140 67.0 0.495
28.0 0.148 68.0 0.518
29.0 0.155 69.0 0.528
30.0 0.163 70.0 0.536
31.0 0.171 71.0 0.548
32.0 0.178 72.0 0.560
33.0 0.185 73.0 0.575
34.0 0.192 74.0 * 0.590
35.0 0.200 75.0 0.606
36.0 0.210 76.0 0.622
37.0 0.216 77.0 0.640
38.0 0.225 78.0 0.653
39.0 0.234 79.0 0.670
40.0 0.240 80.0 0.690
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TABLE XVII

TEST DATA FOR BEAM 15
LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm.15) Deflection (Bm.15) load (Bm.15) Deflection (Bm.15)
(kips) (inches) (kips) (inches)
0.0 0.0 35.0 0.1%84
1.0 0.003 36.0 - 0.205
2.0 (0.006 ‘ , 37.0 0.211
3.0 0.011 38.0 0.218
4.0 0.015 39.0 0.225
5.0 0.019 40.0 0.233
6.0 0.024 - 41.0 0.241
7.0 0.029 42.0 0.249
8.0 0.033 43.0 0.256
9.0 0.037 44.0 0.264
10.0 0.042 45.0 0.274
11.0 0.047 46 .0 0.283
12.0 0.051 47.0 0.291
13.0 - 0.056 48.0 0.300
14.0 0.060 49,0 0.314
15.0 0.066 50.0 0.321
16.0 0.071 51.0 0.328
17.0 0.076 52.0 0.335
18.0 0.081 53.0 0.343
19.0 0.086 . 54.0 0.353"
20.0 0.092 55.0 0.363
21.0 0.098 56.0 0.371
22.0 0.104 - 57.0 0.386
23.0 0.109 58.0 0.393
24.0 0.115 : 59.0 0.400
25.0 0.121 60.0 0.410
26.0 0.127 ' 61.0 0.419
27.0 0.135 62.0 0.430
28.0 0.142 63.0 0.450
29.0 0.150 64.0 0.458
30.0 0.156 : 65.0 0.468
31.0 0.165 66.0 0.478
32.0 0.172 67.0 0.488
33.0 0.179 . 68.0 0.500
34.0 0.186 69.0 0.513"
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BEAM 16 SHOWING SHEAR FAILURE v ‘

FIGURE 60
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FIGURE 61




BEAM 16 SHOWING DIAGONAL. TENSION CRACK
‘ FIGURE 62
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FIGURE 63




Load (Bm.16)

LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XVIII

TEST DATA FOR BEAM 16

Deflection (Bm.16)

119

Load (Bm.16) Deflection (Bm.16)

(kips) (inches) i (kips) (inches)
0.0 0.0 31.0 0.240
1.0 0.004 32.0 0.250
2.0 0.008 33.0 0.260
3.0 0.012 34.0 0.270
4.0 0.018 35.0 0.281
5.0 0.023 36.0 0.293
6.0 0.029 37.0 0.305
7.0 0.035 38.0 0.318
8.0 0.040 39.0 0.328
9.0 0.047 40.0 0.350

10.0 0.054 41.0 0.358
11.0 0.062 42 .0 0.370
12.0 0.070 43.0 0.380
13.0 0.078 44,0 0.390
14.0 0.086 45.0 0.402
15.0 0.094 46.0 0.416
16.0 0.102 47.0 0.430
17.0 0.110 48.0 0.442
18.0 0.116 49.0 0.455
19.0 0.125 50.0 0.468
20.0 0.133 51.0- 0.490
21.0 0.142 52.0 0.500
.22.0 0.150 53.0 0.515
23.0 0.159 54.0 0.540
24.0 0.169 55.0 0.550
25.0 0.178 56.0 0.568
26.0 0.190 57.0 0.600
27.0 0.200 58.0 0.650
28.0 0.210 59.0 0.780
28.0 0.218 60.0 0.850
30.0 0.228 61.0 0.900



Load (Bm.17) Deflection (Bm.17)

LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XIX
TEST DATA FOR BEAM 17

120

Load (Bmf17) Deflection (Bm.17)

(kips) (inches) (kips) (inches)
0.0 0.0 33.0 0.244
1.0 - 0.004 34.0 0.256
2.0 0.008 35.0 0.264
3.0 0.012 36.0 0.273
4.0 0.016 37.0 0.282
5.0 0.021 38.0 0.292
6.0 0.026 39.0 0.303
7.0 0.032 . 40.0 0.317
8.0 0.037 41.0 0.325
9.0 0.042 42.0 0.335

10.0 0.050 43.0 0.346
11.0 0.055 44.0 0.357
12.0 0.062 45.0 0.368
13.0 0.070 46 .0 0.387
14.0 0.077 47.0 -0.396
15.0 0.084 48.0 0.408
16.0 0.092 49.0 0.420
17.0 0.100 50.0 0.438
18.0 0.107 51.0 0.454
19.0 0.114 52.0 0.468
20.0 0.122 53.0 0.482
21.0 0.130 54.0 0.500
22.0 0.138 55.0 0.530
23.0 0.150 56.0 0.545
24.0 0.155 57.0 0.562
25.0 0.163 58.0 0.583
26.0 0.172 59.0 0.615
27.0 0.180 60.0 0.655
28.0 0.189 61.0 0.710
29.0 0.199 62.0 0.780
30.0 0.210 63.0 0.850
31.0 0.221 64.0 1.000
32.0 0.231 65.0 1.080
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TABLE XX

TEST DATA FOR BEAMS 13 AND 18
LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm.13) Deflection {Bm.13) Load (Bm.18) Deflection (Bm.18)
(kips) (inches) (kips) (inches)
0.0 0.0 0.0 0.0
0.5 0.005 1.0 0.004
1.0 0.010 2.0 0.008
1.5 0.015 3.0 0.010
2.0 0.024 4.0 “0.014
2.5 0.032 5.0 0.019
3.0 0.045 6.0 0.024
3.5 0.058 7.0 0.027
4.0 0.070 8.0 0.031
4.5 0.082 9.0 0.035
5.0 0.095 10.0 0.040
5.5 0.110 11.0 0.045
6.0 0.120 12.0 0.051
6.5 0.135 13.0 0.056
7.0 0.150 14.0 0.061
7.5 0.165 15.0 0.068
8.0 0.180 16.0 0.074
8.5 0.195 17.0- 0.080
9.0 0.210 18.0 0.085
9.5 0.228 19.0 0.092
10.0 0.245 : 20.0 0.099
10.5 0.260 21.0 0.105
11.0 0.285 22.0 0.111
11.5 0.308 - 23.0 0.118
12.0 0.333 24.0 - 0.124
12.5 0.355 . 25.0 0.131
15.0 0.370 26.0 0.138
13.5 0.390 27.0 0.145
14.0 0.405 28.0 0.153
14.5 0.430 29.0 0.180
15.0 0.450 30.0 0.170
15.5 0.482 31.0 0.180
16.0 0.495 32.0 0.188
16.5 0.510 : 33.0 0.195
17.0 0.532 ‘ 34.0 0.202 .
17.5 0.555 35.0 0.210
18.0 0.572 36.0 0.220
18.5 0.592 = ‘ 37.0 0.230
19.0 0.612 38.0 0.238
19.5 0.635 39.0 0.248
20.0 0.665 . 40.0 0.257
20.5 0.695 41.0 0.312

21.0 0.840
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BEAM 19 SHOWING SHEAR FAILURE

FIGURE 67
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BEAM 20 SHOWING SHEAR FAILURE

FIGURE 68



Load (Bm.19) Deflection (Bm.19)

TABLE XXI

TEST DATA FOR BEAM 19

LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm.19)

126

Deflection (Bm.19)

(kips) (inches) (kips) (inches)
0.0 0.0 29.0 0.095
1.0 0.004 30.0 0.100
2.0 0.006 31.0 0.103
3.0 0.010 32.0 0.107
4.0 0.013 33.0 0.111
5.0 0.016 34.0 0.116
6.0 0.019 35.0 0.120
7.0 0.022 36.0 0.125
8.0 0.025 37.0 0.129
9.0 0.027 38.0 0.134
10.0 0.030 39.0 0.138
11.0 0.033 40.0 0.142

12.0 0.036 41.0 0.149
13.0 0.040 42 .0 0.152
14.0 0.042 43.0 0.156
15.0 0.045 44.0 0.160
16.0 0.048 45.0 0.164
17.0 0.050 46 .0 0.169
18.0 0.054 47 .0 0.174
19.0 0.058 48.0 0.180
20.0 0.061 49.0 0.189
21.0 0.065 50.0 0.195
22.0 0.068 51.0 0.212
23.0 0.072 52.0 0.222
24.0 0.075 53.0 - 0.226
25.0 0.079 54.0 0.233
26.0 0.083 55.0 0.240
27.0 0.088 56.0 0.254
28.0 0.091 57.0 0.360



TABLE XXII

TEST DATA FOR BEAM 20
LOAD -MIDSPAM DEFLECTION RESULTS

Load (Bm.20) Deflection (Bm.20) Load (Bm.20) Deflection (Bm.20)

(kips) (inches) (kips) (inches)
0.0 0.0 35.0 0.114
1.0 0.001 36.0 . 0.118
2.0 0.004 | 37.0 0.122
3.0 0.007 38.0 0.130
4.0 0.010 39.0 0.133
5.0 0.013" 40.0 0.137
6.0 0.015 41.0 . 0.141
7.0 0.018. 42 .0 0.146
8.0 0.020 43.0 0.151
9.0 0.023 44.0 0,155

10.0 0.025 45,0 0.160
11.0 0.028 46.0 0.168
12.0 0.031 47.0 0.172
13.0 0.034 48.0 0.176
14.0 0.036 49.0 0.181
15.0 0.039 ’ 50.0 0.185
-16.0 0.042 ‘ 51.0 0.196
17.0 0.045 52.0 0.202
18.0 0.048 53.0 0.207
19.0 0.052 . 54,0 0.211
20.0 0.056 55.0 0.218
21.0 0.059 56.0 0.227
22.0 0.063 57.0 0.231
23.0 0.067 58.0 0.236
24.0 0.070 59.0 0.241
25.0 0.074 60.0 . 0.246
26.0 0.078 ’ 61.0 0.253
27.0 0,081 62.0 0.259
28.0 0.085 63.0 0.264
29.0 (0.089 64.0 0.271
30.0 0.093 , 65.0 0.278
31.0 0.097 66.0 0.285
32.0 0.101 67.0 0.295
33.0 0.105 . 68.0 0.311

0 0.109 69.0 0.322
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BEAM 21 SHOW[NG'SHEAR FAILURE

FIGURE 70

BEAM 22 SHOWING SHEAR FAILURE
FIGURE 71
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Load (Bm.21) Deflection (Bm.21)

LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XXIII
TEST DATA FOR BEAM 21

Load (Bm:.21)

131

Deflection (Bm.21)

(kips) (inches) (kips) (inches)
0.0 0.0 36.0 0.093
1.0 0.002 37.0 0.096
2.0 0.005 38.0 0.098
3.0 0.007 39.0 0.101
4.0 0.010 40.0 0.105
5.0 0.012 41.0 0.110
6.0 0.015 42 .0 0.113
7.0 0.017 . 43.0 0.116
8.0 0.020 44 .0 0.119
9.0 0.022 45.0 0.122

10.0 0.025 46.0 0.127
11.0 0.027 47 .0 0.130
12.0 0.030 48.0 0.133
13.0 0.032 49.0 0.136
14.0 0.035 50.0 -0.140
15.0 0.037 51.0 0.146
16.0 0.039 52.0 0.149
17.0 0.042 53.0 0.152
18.0 0.044 54.0 0.155
19.0 0.047 55.0 0.157
20.0 0.049 56.0 0.164
21.0 0.051 57.0 0.167
22.0 0.054 58.0 0.170
23.0 0.056 59.0 0.174
24.0 0.059 60.0 0.177
25.0 0.061 61.0 0.186
26.0 0.064 62.0 0.189
27 .0 0.067 63.0 0.192
28.0 0.070 - 64.0 0.195
29.0 0.072 65.0 0.198
30.0 0.075 66.0 0.203
31.0 0.078 67.0 0.206
32.0 0.081 68.0 0.209
33.0 0.083 69.0 + 0.213
34.0 0.086 70.0 0.216
35.0 0.089 71.0 0.223



Load (Bm.21)

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.21)

TABLE XXIII CONT'D.

TEST DATA FOR BEAM 21

132

Load (Bm.21) Deflection (Bm.21)

(kips) (inches) (kips) (inches)
72.0 0.228 92.0 0.320
73.0 0.232 93.0 - 0.324
74.0 0.235 94.0 0.328
75.0 0.239 95.0 0.333
76.0 0.245 96.0 0.338
77 .0 0.249 97.0 0.344
78.0 0.252 98.0 0.349
79.0 0.258 99.0 0.354
80.0 0.264 100.0 0.360
81.0 0.272 101.0 0.369
82.0 0.276 102.0 0.374
83.0 0.279 103.0 0.378
84.0 0.282 104.0 0.385
85.0 0.287 105.0 0.391
86.0 0.294 106.0 0.405
87.0 0.298 107.0 0.409
88.0 0.300 108.0 0.414
89.0 0.304 109.0 0.420
90.0 0.307 - 110.0 0.426
91.0 0.312 111.0 0.440



Load (Bm.22)

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.22)

TABLE XXIV
TEST DATA FOR BEAM 22

133

Load (Bm.22) Deflection (Bm.22)

(kips) (inches) (kips) (inches)
0.0 0.0 36.0 0.100
1.0 0.001 37..0 0.103
2.0 0.003 38.0 0.106
3.0 0.006 39.0 0.109
4.0 0.010 40.0 0.112
5.0 0.013 41.0 0.116
6.0 0.016 42.0 0.120
7.0 0.019 43.0 0.124
8.0 0.022 44 .0 0.127
9.0 0.025 45.0 0.130

10.0 0.028 46.0 0.134
11.0 0.032 47.0 0.137
12.0 0.035 48.0 0.140
13.0 0.037 49.0 - 0.144
14.0 0.040 50.0 0.148
15.0 0.043 51.0 0.152
16.0 0.0456 52.0 0.155
17.0 0.048 53.0 0.158
18.0 0.051 54.0 0.161
19.0 0.054 55.0 0.164
20.0 0.056 56.0 0.169
21.0 0.059 57.0 0.172
22.0 0.062 58.0 0.175
23.0 0.064 59.0 0.178
24.0 0.067 60.0 0.181
25.0 0.070 61.0 0.188
26.0 0.072 62.0 0.190
27.0 0.075 63.0 0.192
28.0 0.077 64.0 0.195
29.0 0.080 65.0 0.199
30.0 0.083 66.0 0.206
31.0 0.085 67.0 0.210
32.0 0.088 68.0 *0.213
33.0 0.090 69.0 0.226
34.0 0.093 70.0 0.230
35.0 0.096 71.0 0.238



Load (Bm.22)

LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XXIV CONT'D.

TEST DATA FOR BEAM 22

Deflection (Bm.22)

Load (Bm.22)

Deflection (Bm.22

134

(kips) (inches) (kips) (inches)
72.0 0.240 89.0 0.314
73.0 0.243 80.90 0.318
74.0 0.248 91.0 0.324
75.0 0.252 92.0 0.327
76.0 0.256 93.0 0.332
77.0 0.260 94.90 0.338
78.0 0.264 95.0 0.343
79.0 0.268 96.0 0.351
80.0 0.272 97.0 0.355
81.0 0.280 98.0 0.360
82.0 0.284 99.0 0.366
83.0 0.287 100.0 0.373
84.0 0.290 101.0 0.380
85.0 0.296 102.0 0.387
86.0 0.302 103.0 0.392
87.0 0.305 104.0 0.400
88.0 0.310 '



EST DATA FOR BEANS 21 AND 22
LATERAL DEFLECTION OF COMPRESSION ZONE

TABLE XXV

Beam Load Top Left Top Centre - Top Right
No. (kips) (Gauge 1) (Gauge 2) (Gauge 3)
21 0 0 0 0

10 0.003 0.010 0.012
20 0.012 0.025 0.022
25 0.020 0.031 0.031
30 0.027 0.039 0.040
35 0.034 0.049 0.049
40 0.041 0.058 0.057
45 0.048 0.067 0.064
50 0.050 0.074 0.068
55 0.054 0.078 0.071
60 0.055 0.086 0.076
65 0.055 0.095 0.081
70 0.057 0.100 0.085
75 0.056 0.106 0.089
80 0.057 0.118 0.087
85 0.058 0.127 0.089
90 0.060 0.134 0.094
95 (.062 0.145 0.102
100 0.062 0.155 0.111
105 0.055 ,0.170 0.121
110 0.055 0.185 0.129
22 0 0 0 0
10 0.069 0.069 0.075
20 0.082 0.087 0.100
30 ¢.081 0.092 0.110
35 0.080 0.096 0.112
40 0.077 0.100 0.115
50 0.073 0.106 0.119
60 0.070 0.111 0.125
70 0.055 0.122 0.143
80 0.045 0.124 0.152
85 0.042 0.129 0.154
95 0.037 0.135 0.160

135
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figure 74:details and load-deflection curves for beams 23 and 24



BEAM 23 -SHOWING SHEAR FAILURE

FIGURE 75

BEAM 24 SHOWING SHEAR FAILURE

FIGURE 76
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LOAD-MIDSPAN DEFLECTION RESULTS

TABLE XXVI
TEST DATA FOR BEAM 23

Load (Bm.23) Deflection (Bm.23) Load (Bm.23) Deflection (Bm.23)

(kips) (inches) (kips) (inches)

0.0 0.0 42.0 0.094

1.0 0.0 43,0 0.097

2.0 0.0 44,0 0.100

3.0 0.0 45.0 0.104

4.0 0.001 46,0 0.107

5.0 0.003 47 .0 0.110

6.0 0.005 48.0 0.113

7.0 0.007 49.0 0.116

8.0 0.009 50.0 0.120

9.0 0.011 51.0 0.129
10.0 0.014 52.0 0.131
11.0 0.016 53.0 0.134
12.0 0.019 54.0 0.138
13.0 0.021 55.0 0.141
14.0 - 0.024 56.0 0.144
15.0 0.026 57.0 0.147
16.0 0.028 58.0 0.149
17.0 0.030 59.0 0.152°
18.0 0.032 60.0 0.156
19.0 0.035 61.0 0.161
20.0 0.037 62.0 0.164
21.0 0.0490 63.0 0.167
22.0 0.042 64.0 0.170
23.0 0.044 65.0 0.173
24.0 0.046 66.0 0.176
25.0 0.048 67.0 0.179
26.0 0.050 68.0 0.182
27.0 0.053 69.0 0.185
28.0 0.055 70.0 0.188
29.0 0.057 71.0 0.194
30.0 0.060 72.0 0.197
31.0 0.062 73.0 0.200
32.0 0.064 74.0 0.203
33.0 0.066 75.0 0.206
34.0 0.069 76.0 0.211
35.0 0.072 77.0 0.213
36.0 0.075 78.0 0.217
37.0 0.078 79.0 0.220
38.0 0.081 80.0 0.224
39.0 0.084 81.0 0.230
40.0 0.087 82.0 0.234
41.0 0.091 83.0 0.236
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Load (Bm.23)

LOAD~-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.23)

TABLE XXVI CONT'D.
TEST DATA FOR BEAM 23

Load (Bm.23)

140

Deflection (Bm.23)

(kips) (inches) (kips) (inches
84.0 0.239 114.,0 0.350
85.0 0.242 115.0 0.354
86.0 0.247 116.0 0.358
87.0 0.250 117.0 0.362
89.0 0.259 118.0 0.365
90.0 0.262 119.0 0.370
91.0 0.267 120.0 0.374
92.0 0.270 121.0 0.378
93.0 0.273 122.0 0,382
94.0 0.278 123.0 0.386
95.0 0.287 124.0 0.390
96.0 0.290 125.0 0.392
97.0 0.293 126.0 0.400
98.0 0.29 127.0 0.404
99.0 0.299 128.0 0.408

100.0 0.302 129.0 0.412

101.0 0.305 130.0 0.416

102.0 0.307 131.0 0.421

103.0 0.310 132.0 0.424

104.0 0.314 133.0 0.430

105.0 0.317 134.0 0.435

106.0 0.320 135.0 0.440

107.0 0.324 136.0 0.450

108.0 0.326 137.0 0.455

109.0 0.330 138.0 0.462

110.0 0.335 139.0 0.468

111.0 0.340 140.0 0.475

112.0 0.344 141.0 0.482

113.0 0 142.0 0.490

.347



Load (Bm.24)

TABLE XXVII

TEST DATA FOR BEAM 24

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.24)

Load (Bm.24)

141

Deflection (Bm.24)

(kips) (inches) (kips) (inches)
0.0 0.0 42.0 - 0.090
1.0 0.001 43.0 - 0.093
2.0 0.003 44 .0 0.096
3.0 0.005 45.0 0.098
4.0 0.007 46.0 0.100
5.0 0.010 47.0 0.103
6.0 0.012 48.0 0.105
7.0 0.014 49.0 0.108
8.0 0.016 50.0 0.110
9.0 0.018 51.0 0.114

10.0 0.020 52.0 0.117
11.0 0.023 53.0 0.119
12.0 0.025 54.0 0.122
13.0 0.027 55.0 0.125
14.0 0.029 56.0 0.128
15.0 0.031 57.0 0.131
16.0 0.033 58.0 0.134
17.0 0.035 59.0 0.137
18.0 0.037 60.0 0.142
19.0 0.039 61.0 0.147
20.0 0.041 62.0 . 0.150
21.0 0.043 63.0 0.153
22.0 0.045 64.0 - 0,155
23.0 0.047 65.0 0.158
24.0 0.049 66.0 0.161
25.0 0.051 67.0 - 0.164
26.0 0.053 - 68.0 0.167
27.0 0.055 69.0 0.170
28.0 0.057 . 70.0 0.173
29.0 0.059 71.0 0.178
30.0 0.061 72.0 0.180
31.0 0.063 73.0 0.183
32.0 0.065 74.0 0.185
33.0 0.067 - 75.0 0.188
34.0 0.069 76.0 0.191
35.0 0.071 77.0 0.194
36.0 0.074 78.0 0.198
37.0 0.076 79.0 0.202

38.0 0.078 80.0 0.205

" 39.0 .0.081 81.0 - 0.211

40.0 ~0.084 82.0 0.213

41.0 83.0 0.216

0.087
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TABLE XXVII

' TEST DATA FOR BEAM 24
LOAD-MIDSPAN DEFLECTION RESULTS

Load (Bm.24) Deflection (Bm.24) Load (Bm.24) Deflection (Bm.24)

(kips) (inches) (kips) (inches)
84.0 0.218 118.0 0.345
85.0 0.221 119.0 0.348
86.0 0.224 120.0 0.351
87.0 0.227 121.0 0.357
88.0 0.235 122.0 0.361
89.0 0.239 123.0 0.364
90.0 0.242 124.0 0.367
91.0 0.252 125.0 0.370
92.0 0.255 126.0 0.373
93.0 0.257 127.0 0.376
94.0 0.260 128.0 0.380
95.0 0.263 - 129.0 0.383

"96.0 0.267 : 130.0 0.386
a7.0 0.270 131.0 0.396
98.0 0.274 132.0 0.400
99.0 0.277 133.0 0.403

100.0 0.280 134.0 0.406

101.0 0.290 ' 135.0 0.410

102.0 0.292 136.0 0.414

103.0 0.295 137.0 0.418

104.0 0.298 * 138.0 0.423

105.0 0.301 139.0 0.426

106.0 0.304 140.0 0.431

107.0 0.307 141.0 0.434

108.0 0.310 - 142.0 0.438

109.0 0.313 143.0 0.442

110.0 0.316 144.0 0.447

111.0 0.323 145.0 0.452

-112.0 0.326 146.0 '0.457

113.0 0.329 147.0 0.462

114.0 0.332 : 148.0 0.467

115.0 0.335 149.0 0.474

116.0 0.338 . . 150.0 0.480

117.0 0.342 :



LATERAL DEFLECTION OF COMPRESSION ZONE

TABLE XXVIII

TEST DATA FOR BEAMS 23 AND 24

Top Left

Top Right

Beam Load Top Centre

No. (kips) (Gauge 1) (Gauge 2) (Gauge 3)

23 0 0 0 0
10 0.001 0 0
20 0.002 =0 0
30 0.003 0.001 0
40 0.004 0.001 0
50 0.005 0.002 0.001
60 0.005 0.002 0.001
70 0.005 0.002 0.001
80 0.005 0.002 0.001
90 0.005 0.002 0.001
110 0.005 0.002 0.025
125 0.005 0.002 0.028

24 0 0 0 0
25 0.021 0.026 0.014
50 0.036 0.036 0.014
60 0.043 0.042 0.012
70 0.052 0.047 0.008
80 0.060 0.051 0.012
90 0.070 0.054 0.014
100 0.077 0.061 0.020
110 0.084 0.066 0.029
120 0.092 0.069 0.035
130 0.100 0.073 0

.044
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BEAM 25 SHOWING FLEXURAL FAILURE

FIGURE 80

BEAM 26 SHOWING FLEXURAL, FAILURE

: . FIGURE 81
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BEAM 25 SHOWING TENSION CRACKS
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BEAM 26 SHOWING TENSION CRACKS

FIGURE 83




Load (Bm.25)

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.25)

TABLE XXIX
TEST DATA FOR BEAM 25

Load (Bm.25)

Deflection (Bm.25)

(kips) (inches) (kips) (inches)
0.0 0.0 96.0 0.361
2.5 0.005 98.0 $.370
5.0 0.011 100.0 . 0.379
7.5 0.017 100.0 0.389

10.0 0.023 101.0 0.392
12.5 0.029. 102.0 0.395
15.0 0.034 103.0 0.399
17.5 0.040 104.0 0.403
20.0 0.046 105.0- 0.410
22.5 0.053 106.0 0.413
25.0 0.061 107.0 0.418
27.5 0.070 108.0 0.425
30.0 0.079 109.0 0.430
32.5 0.087 110.0 0.438
35.0 0.095 110.0 0.447
37.5 0.105 111.0 0.452

40.0 0.115 112.0 0.457

42.5 0.126 113.0 0.460

45.0 0.134 114.0 0.465

47 .5 0.144 115.0 0.472

50.0 0.154 . 115.,0 0.482
52.5 0.166 116.0 0.486
55.0 0.175 117.0 0.490
57.5 0.185 118.0 0.494

60.0 0.194 119.0 0.501

62.0 0.205 120.0 0.508

64.0 0.212 121.0 0.518

66.0 0.220 122.0 0.522
68.0 0.228 123.0 0.531
70.0 0.236 124.0 0.536
72.0 0.247 125.0 0.544
74.0 0.254 126.0 0.552
76.0 0.262 127.0 0.569
78.0 0.270 127.0 0.600
80.0 0.280 128.0 0.610
82.0 0.295 129.0 0.629
84.0 0.302 130.0 0.658
86.0 0.313 130.0 0.814

88.0 0.325 131.0 0.830

90.0 0.334 132.0 0.843

90.0 0.340 133.0 0.890

92.0 0.347 133.0 1.300

94.0 0.354 100.0 1.500



Load (Bm.26)

LOAD-MIDSPAN DEFLECTION RESULTS

Deflection (Bm.26)

TABLE XXX

TEST DATA FOR BEAM 26

Load (Bm.26)

147

Deflection (Bm.26)

(kips) (inches) (kips) (inches)
0.0 0.0 82.5 0.310
2.5 0.005 85.0 0.320
5.0 0.011 87.5 0.332

7.6 0.017 90.0 0.346
10.0 0.023 92.5 0.360
12.5 0.029 95.0 0.370
15.0 0.035 97.5 . 0.381
17.5 0.041 100.0 0.393
20.0 0.048 100.0 0.399
22.5 0.055 102.0 0.407
25.0 0.063 104.0 0.415
27 .5 0.072 106.0 0.426
30.5 0.080 108.0 0.439
32.5 0.089 110.0 0.452
35.0 0.097 110.0 0.466
37.5 0.105 112.0 0.474
40.0 0.113 114.0 0.483
42.5 0.124 116.0 0.496
45.0 0.133 118.0 0.510
47.5 0.144 120.0 0.557
50.0 0.154 120.0 0.615
52.5 0.165 120.0 0.636
55.0 0.175 121.0 0.650
57.5 0.185 122.0 0.660
60.0 0.197 123.0 0.674
62.5 0.210 124.0 0.690
65.0 0.220 125.0 0.759
67.5 0.231 126.0 0.786
70.0 0.241 127.0 0.910
72.5 0.253 128.0 1.090
75.0 0.269 128.0 1.280
77.5 0.275 128.0 1.400
80.0 0.287 80.0 1.500
80.0 0.292



LATERAL DEFLECTION OF COMPRESSION ZONE

TABLE XXXI

TEST DATA FOR BEAMS 25 AMD 26

Beam Load Top Left Top Centre Top Right
No. (kips) (Gauge 1) (Gauge 2) (Gauge 3)
25 0 0 0 0

10 0.068 0.065 0.064
20 0.074 0.063 0.063
30 0.080 0.072 0.069
40 0.086 0.078 0.073
50 0.091 0.084 0.077
60 0.099 0.088 0.082
70 0.100 0.099 0.089
80 0.121 0.110 0.095
90 0.130 0.120 0.104
100 0.138 0.130 0.109
110 0.144 0.147 0.113
120 0.151 0.164 0.115
26 0 0 0 0
10 0.035 -0.002 0.008
20 0.033 0.004 0.013
30 0.031 0.013 0.017
40 0.032 0.021 ©0.025
50 0.030 - 0.032 0.032
60 0.030 0.043 0.039
70 0.028 0.054 0.050
80 0.027 0.065 .0.060
90 0.024 0.082 0.066
100 0.028 0.097 0.061
110 0.026 0.110 0.072
120 0.025 0.048 0.082
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WALL SECTION 1 AT FAILURE

FIGURE 87
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WALL SECTION 2 AT FAILURE

FIGURE 88
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TABLE  ¥XXTV

 TEST DATA FOR WALL SECTION 3
LATERAL DISPLACEMENT AGAINST LOAD

Load Lateral Displacement (ins.)
Right Face
Gauge Reading Eqv. Load Top Middle Bottom
(p.s.i.) (kips) (gauge 1) (gauge 2) (gauge 3)

[o0]

0 0 0
.002 .007 .002
.003 .008 .002
.005 .012 .001
.006 .014 .001
.007 .017 .002
.008 .021 .003
.009 .024 .004
.010 .027 .004
.011 .028 .005
.012 .031 .005
013 .033 006
.013 .035 .006
.014 .035 .003
.014 .036 .003
.014 .040 .000
).015 .040 .000
.015 .039 .001
.015 .039 .001

500 19,
750 29.
1000 39,
1250 48.
1500 58.
1750 68.
2000 78.
2250 88.
2500 98.
2750
3000
3250
3500
3750
4000
4250
4500 -
4750
5000
5800
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WAL L. SECTION% AT FAILURE

FIGURE 90




TABLE XXXV

TEST DATA FOR WALL SECTION 4
LATERAL DISPLACEMENT AGAINST LOAD

Load _ Lateral Displacement {ins.)
Right Face
Gauge Reading Eqv. Load Top Middle Bottom
(p.s.i.) (kips) ~ (gauge 1) (gauge 2) (gauge 3)

500 19.
1000 39.
1250 48.
1500 58.
1750 68.
2000 /8.
2250 88.
2500 98.
2750 108.
3000 118.
3250 127.
3500 137.
3750 : 149.
4000 158.
4256 167.
4500 177.
4750 187.
5000 197.
5250 2070
5500 2175
5750 228.0
6000 237.5
6250 247.0
6500 257.0
7400 292.0
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WALL SECTION
. ~No-t-
OCT 5. 79

WALL. SECT!ON 5 AT FAILURE

FIGURE 91




TABLE XXXVI

TEST DATA FOR WALL SECTION 5
LATERAL DISPLACEMENT AGAINST LOAD

Load Lateral Displacement (ins.)
Right Face
Gauge Reading Eqv. Load Top Middle ~Bottom
(p.s.i.) (Kips) (gauge 1) (gauge 2) (gauge 3)

500 19.

750 29.
1000 39.
1250 48.
1500 58.
1750
2000
2250
2500
2750
3000
3250
3500
3750
4000
4250
4500
4750
5000
5250
5500
5750
6000
6200
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WALL SECTION 6 AT FAILURE

FIGURE 92




TABLE XXXVII

TEST DATA FOR WALL SECTION 6
LATERAL DISPLACEMENT AGAINST LOAD

Load" , Lateral Displacement (ins.)
Right Face
Gauge Reading Eqgv. Load Top Middle Bottom
(p.s.i.) (kips) - (gauge 1) (gauge 2) (gauge 3)

0 _ 0 0
005 0 .007
.007 0 .005
.009 .003
.010 .002
011 .004
.013 .004
.014 .004
.015 .002
.016 .002
017 .002
018 .003
.018 .005
.019 .005
.025 .005
.027 .006
.029 .006
.032 .007
.034 .008
.039 .008
.039 .010
.043 .014
.044 .015

500
750
1000
1250
1500
1750
2000
2250
2500
2750
3000
3250
3500
3750
4000
4250
4500
4750
5000
5250
5500
5750
6000
7100

.005
.008
.008
.015
.017
.015
.015
.017
.017
.019
.027
.024
028 .
.037
.043
.047
.053
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