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CHAPTER I
~ SUMMARY

BEHAVIOR OF WALL PANELS

UNDER STATIC AND DYNAMIC LOADS IT

by
JACK KINSTLINGER

Submitted to the Department of Civil and Sanitary
Engineering on May 7, 1954 in partial fulfillment
of the requirements for the degree of

MASTER OF SCIENCE

GENERAL

This report presents a description of the experimental
techniques, the test results, and the concluslions from a
series of laboratory tests on the following wall panel
materials subject to transverse bending by static or dynamic
loads: brick masonry, reinforced brick masonry, brick
masonry with reinforced gunite, concrete block, tile parti-
tion, steel siding, and asbestos cement siding.

BRICK MASONRY

Both plain and reinforced brick masonry wall panels and
beams were tested under static and dynamlc loads. Curves of
moment vs deflection are presented for spans 3, 6, 9, and 12
ft.

The influence of support fixlty, mortar strength,
direction of support, and effect of dead load stresses are
investigated and reported.

- The use of the plastic theory for the design of rein-
forced masonry 1ls recommended.

GUNITED MASONRY WALLS

The beneficilal effect to be expected from applylng a
reinforced gunite surface to & masonry wall 1s studied in a
limited number of tests. The use of standard plastic design
procedures 1s recommended on the basis of the results.

MISCELLANEQOUS WALL PANELS

A smaller number of tests were performed on concrete
block panels, partition tile panels; both on 3 ft span only,
and on corrugated asbestos-cement and corrugated steel siding



poth on 3 ft spans only. The effect of standard fastening
technicue on the corrugated asbestos-cement and steel siding
vas investigated. On the basis of the limited tests curves
of load for buckling and/or failure vs span length are pre-

sented for the corrugated asbestos-cement and corrugated
steel siding.

Thesis Supervisor: Robert J. Hansen
Assoclate Professor of
Structural Engineering
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CHAPTER 2
INTRODUCTION

20l OBJECTIVE

The objective of this investigation is to provide the
basic information with which to predict failure conditions
for typical wall panel construction subjected to transverse
load.

Research into the behavior of wall panels loaded
transversely was undertaken ln August 1951 in the Structural
Dynamics Laboratory at liassachusetts Institute of Technologye.
Results are presented in two reports - the report published
in August 1952 (referred to as the first report) and the
present thesis report which includes all work done in the
research program from its inception in 1951 to the date of
completion.

Since in the MIT laboratories dynamic tests could be
conducted only on members of short span length, it was
decided that the objectives could be met by a determination
of (i) the static and dynamic behavior of short span members
of the various types of wall panels, and (11) the static
behavior of similar members having longer span lengths. The
information galned from these comparative static-dynamic
tests could then be used to convert the results of static
tests on a few full-scale wall members to a predicted dynamic
behavior.

2.2 PREVIOUS KNOWLEDGE

Many tests have been conducted on the various wall
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panel materials considered in this program., However, very
little data is generally avallable on the behavior of these
materials under dynamic loads. Furthermore, the avallable
static test data which might be useful in considering and
predicting dynamic behavior is in many instances inconsis-
tent and incomplete. This seciion presents and discusses
some of the more pertinent test results on the materials
under consideration.

2.2.1 Plain Brick Masonry

Up to the time of publication of the first
report (1)# on this program, available knowledge on the
behavior of brick masonry under transverse loads was ex-
ceedingly limited, due to the fact that primary interest
had been in the behavior of brick masonry under compressive
or bearing, rather than transverse, loads.

Experimental studies of the strength and be-
havior of brick masonry under transverse loads were conducted
in 1928 and 1938 by the National Bureau of Standards (2,3),
in 1930 by the University of California (lt), and in 1931
by the Californias Institute of Technology (5). All four
testing programs have made significant contributlions to
present knowledge of the sub ject; unfortunately, however,
511 have been quite 11miteé in scope so that, while repre-
séntatiyé values of strength have been determined, no con-
clusi?e patterns of behavior have been deduced. In all

cases, the walls were supported at the edges, with concen-

#Numbers in parenthesis refer to references in Appendix A,

.
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trated loading either at midspan or at the third points;
in no case was a uniformly-distributed transverse load
applied.

These investigations indicated that the
modulus of rupture of the walls tested ranged from 30 to
400 psi. Studies of the behavior of brick walls indlcate
that the strength of bond tetween brick and mortar is the
key property in the transverse strength of brick walls,
Tests of the tensile strength of this bond show a range of
1 to 100 psi. Tests have also been made of the shear and
bending rupture strength of this bond,

No tests on brick masonry under dynamic or
impulsive loading had been conducted prior to this investi-
gation, although the Bureau of Standards did conduct trens-
verse impact tests on walls by dropping sand bags on the
specimens (3). It is noted that a wide scattering of
results is usually obtained from tests on the transverse
(and other) behavior of brick masonry due to the inconsis-
tent properties of the material.

2.2.2 Reinforced Brick Masonry

Although the use of reinforced brickwork has
been rather limited, numerous tests and investigations on
the behavior of reinforced brick masonry slabs and beams
under static loads have been conducted.

An article written by James H. Hansen (7) in
1933 gives data, results, and conclusions of a number of

independently conducted investigations into the behavior
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of reinforced brick masonry slabs and beams.

A review of these tests yields the following
findings:

(a) Deflections in reinforced brick masonry
beams and slabs are consistent and small within working
loads. (Usually they are much less than the allowable de-
flection of 1/360 of the span length, based on the cracking

resistance of plaster).

”

(b) Upon removal of the load, recovery of de-
flection--sometimes 100% recovery--is possible.

(¢) Granting the assumptions upon which ‘the
calculations are based, rods inserted in mortar joints will
develop bond stresses as high as 384 psi, with an average
of 229 psi when rods are placed in the joints perpendicular
to the top face of the beam,

(d) Shear stresses are affected by the manner
in which bricks are placed, and, by proper design, can be
developed to as high as 154 psi without shear reinforcement,

(e) The introduction of stirrups lncrease the
resistance of the beams to shear.

(f) When properly designed, the tensile strength
of longitudinal reinforcement can be fully developed.

(g) The compressive strength of the masonry
in beam action is greater than the compressive strength of
wall panels in direct compression.

Hensen's calculations were based on the

assumption that the value of 20 for n, the ratio of elastl-
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city moduli, would give a fairly accurate distribution of
stresses, and that the theories of the Joint Committee on
Standard Specifications for Reinforced Concrete (8) would
apply.

Although the experimenters found a consider-
sble upward movement of the neuﬁral surface as the load
increased, their calculations for a limited number of beam
tests showed fiber stresses and values of J and k to be
quite close to those of a similarly reinforced concrete
bean,

In view of the evidence submitted ip his paper,
Hansen presented the following conclusions:

(a) The assumptions accepted in the design of
reinforced concrete structures can be used in the design
of reinforced brick masonry items such as beams and slabs.,

(b) The recommended working stress of O.4f¢
can be safely allowed in reinforced brick masonry. This
would allow approximately 750 psi for cement-mortar brick
masonry, and 500 psi when cement-lime mortar 1s used, based

on tests of full-sized wall panels,

(e) A test of plers made up of two or three
brick and mortar joints would give better results on which
to base such working stresses and would probably increase

the foregoing values by about 10%.

{d) The use of smaller bars (% in. round) is

more feasible and will result in higher bond strength.



(e) Bond stresses should be limited to 80
psi.

(f) Shear stresses should be limited to 25
or 30 psi, necessitating stirrups or bent-up bars in most

beams,

(g) To develop maximum strength, the reinforc-
ing rods should be placed in joints perpendicular to the top
face of the beam

(h) The face of the brick that develops the
greatest compressive strength should be placed normal to the
line of compressive stress in the beam,

(1) The velue of the ratio, Eg/Ep 1s somewhere
between 20 and 30, where Es is the modulus of elasticity of
the steel, and E is the modulus of elasticity of the brick-
work,

(3) The mortar should consist of 1 part cement,
0.25 part lime, and 3 parts sand by volume.

(k) Builders should adhere rigidly to all re-
quirements of good brick masonry, that is, the proper
wetting of the brick, and complete filling of jolnts,

(1) Further well-directed study and testing
will undoubtedly justify an increase in the allowable

stresses,

A series of tests was conducted by Prof. M. O,

Withey at the University of wWisconsin (9) in 1933 on the

behavior of brick masonry beams under static loading. The

tests were made on numerous beams, differing in the type of



brick used, in percentage of steel used, and in the manner
of resisting shear stresses.

At one-third the maximum load, & comparison
was made between the location of neutral axis as computed
from actual deformeter readings of strain, and the location
as calculated from the straight line relation used in rein-
forced concrete beam design, These values of k, determined
by strain and by calculation, were in fair agreement,

A further comparison was made betwseen values
of steel stress as obtained from deformeter readings and
those calculated from the actual moment by use of the con-
ventional formula., The steel stresses computed from strain
are much less than those calculated from moment, This was
attributed by Withey to the fact that there was consider-
eble tension carried by portions of the brick masonry at
the unceracked sections, whereas none is assumed to be taken
by the brick in the stress computation based on moment,

A further check between the location of the
neutral axis as calculated by deformeter readings, and the
location of the axis as computed by use of the parabolic
;tress distribution formulas listed below, was made at ulti-
mate loads. Again the agreement between the results is
fairly close. Values of actual maximum bending moment were

compared with the maximum resisting moments calculated from

the parabolic formulas:

M =% jkfbbda



M= pif ba’

This comparison was made on 19 beams having
percentages of steel ranging from 0.57 to 2.31. Results
of this comparison showed that the average value of Mb,
caleculated on the basis of brick compresslon, was 41.3%
higher than the actual maximum moment while the average
value of Hs, computed on the basis of steel tension, was
8.5% less than the actual maximum moment.

The percentage of steel present in the beam
influenced to a large extent the degree of agreement be-l
tween actual and computed values of moment, For a steel
percentage of 0.62, the computed M  was 79% higher than
the sctual moment, while for a steel percentage of 1.61,
the computed M, was only 8.4% higher than the actual moment.
This large infliuence due to percentage of steel was not in
evidence in the case of the comparison of the computed Ms
and the actual maximum moment.,

Using the datsa presented by Withey, and com-
puting the maximum moments by means of the Plastic Theory
of Design (10), results are obtained which are lower than
the values of actual maximum moments by an average of .9%.
These results would indicate that this method of computa-
tion is the more a;plicable in predicting ultimate moments
for reinforced brick beams.

Results of Withey's tests show that with the
percentages of longitudinal steel used and an adequate nun-

ber of stirrups, it is possible to develop the full fiber
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strength of the beams. The data show that without stirrups
i1t 1s possible to stress the longitudinal steel to 1its
yield point prior to fallure 1f some critical steel percent-
age 1s not exceeded. This value varies with the kind of

brick used,

The bond stresses devaloped were found to yleld
an avergge value of 182 psi.

The shear strengths found in double shear tests
proved to be a rough measure of the shear strength of beams
having no stirrup reinforcement.

Some effort was made in these tests to predict

deflections. The computed deflections were based on the
formuls, (11) |
Dc=%%%$L§_

where P is the total applied load and &= 12(1 + pn)/(1+Lpn).
The agreement between actual observed deflections and com-
puted deflections in this series of tests was poor, but more
recent tests indicate the validity of the formula.

Some of the conclusions of Withey's tests are
as follows:

(a) The results show that it 1s possible to
develop a high degree of flexural strength in reinforced

brick beamnms,

(b) With proper design of stirrups and longitud-
inal reinforcement, coefficients of resistance, M/bdz, in

excess of 500 psi, and maximum shear stresses, v, in excess
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of 200 psi are obtained.

(¢) Where web reinforcement is required, and
no longitudinal rods are bent up, & stirrup spacing approxi-
mately one-half the effective depth of the beam is satis-
factory.

(d) The tests indicate that the formulas used
in the calculation of fiber, shear, and bond stresses, and
deflections for reinforced concrete beams can, with proper
constants, be used in like calculations for reinforced brick
beams,

In 1932, a series of tests (12) on the perfor-
mance characteristics of reinforced brick masonry slabs was
conducted at the Virginia Polytechnic Inastitute. Results
indicate that in general, slabs constructed from bricks of
higher absorptive capacity exhibited superior performance
to those with lower abscrption, even though the individual
brick strength of the latter 1s considerably greater than
that of the former. The conclusion was therefore drawn that
of the three physical properties usually determined in the
prescribed brick test, the percentage of absorption assumed
the greatest importance for reinforced briek messonry slab
construction.

A series of 30 reinforced brick masonry slabs
were constructed using soft, medium, and hard burned brick
of both the shale and clay variety. These slabs were then
successively loaded to destructién. Using the formulas based
on the straight line-relation in reinforced concrete, a com=

parison was made between calculated and experimental steel
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and compressive stresses, from 8 load of zero to the ulti-
mate load. The curves of bending moment vs calculated and
observed stresses are shown in Fig, 2.1.

It was noted that the large discrepancies be-
tween calculated and experimental stresses were on the side
of safety, and that when similar slabs of reinforced con-
crete were tested, the same general variation between calcu=
lated and observed stresses resulted.

The results of the tests conducted by the
Virginia Polytechnic Institute further showed that in
practically every case during the testing of the 30 slabs,
the deflection at failure was less than the allowable deflec-
tion, that the deflection performance of the slabs was very
good, and that the instantaneous recovery performance of the
slabs, even when well past the design load, was very favor-
eble. These facts warranted the conclusion that all slabs
tested during the investigatlion possessed ample stiffness
until well past design load.

2.2.3 Asbestos Cement Board

Prior to the investigation conducted
under the first part of this program, the available knowledge
on the behavior of asbestos cement board was limited to the
results of tests performed at the direction of the manufac-
turer. These tests were aimed principally at determining
values for the modulus of rupture to be used in design pro-
cedures., Specimen panels were loaded with concentrated loads,

either at midspan or at third polnts; average values of mod-

13 -
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uli of rupture thus determined are noted in Sec. 5.1 of the

first report.

The tests carried out under the first report
of this program yielded the following conclusions:

(a) Transite does not exhibit perfect elastic
properties. '

(b) Dynamic tests on Transite indicate that
ultimate strains and deflections sustained (where the rate
of straining is approximately 105 mieroin,/in./sec) are 5
to 20%, and 3 to 6% greater than those sustained under static
loads for flat and corrugated Transite respectively.

(¢) Failure of flat Transite and corrugated
Transite over continuous spans greater than 10 in. occurs
by rupture in the vicinity of meximum bending moment.

(d) Corrugated and one in, flat Transite that
have been saturated with moisture average respectively 81

and 75% as strong statically as dry specimens.

(e) Holes drilled for conventional attachments

do not materially affect the strength of Transite.
(f) Damping in the corrugated and one in, flat
Transite tested varied from 3 to 5%, and 3 to 4% of eritical

damping respectively.
See Chapter 5 of the first report for curves
of ultimate load vs span length for simply-supported corru-
gated and flat Transite subjected to static and dynamic loads,
2.2.4 Concrete Block Masonry

Knowledge of the behavior of concrete
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block masonry, other than the bearing capacity, comes from
a series of experiments on the strength and stability of
concrete block masonry walls conducted in 1932 by the
University of Illinois (6), and an investigation into the
structural properties of atone-concrete block masonry walls
conducted in 1938 by the National Bureau of Standards (3).

The investigations at the University of Illinois
showed that the modulus of rupture of the walls tested ranged
from 18 to 50 psi. It was agreed that the flexural strength
wes a function of the adhesion of the mortar to the bearing
surface of the masonry unit, since gll transverse fallures
occurred at the junction of the two materials. The flexural
strength was found to be approximately the same in a wall
made with facial mortar bedding as in e similar wall with
full mortar bedding. In these flexure tests, the walls were
supported laterally by means of horizontal steel beams at
the top and bottom edges, and load was applied uniformly
along the horizontal center line of the 9 ft span.

It must be noted that these flexure tests were
made with the walls supported in the weak direction, where
the supports run 1ln the direction of the block courses, The
tests made on concrete block slabs included in this report
were conducted with the walls supported in the strong direc-
tion, with the two supports running at right angles to the
block courses.

Investigations into the structural properties

of stone-concrete block masonry walls conducted by the
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National Bureau of Standards showed that the walls, having
a span of 7 ft 6 in,, sustained an average ultimate equiva-
lent uniform load (for equal moments) of 34.3 psi. These
walls were composed of concrete blocks with dimensions of

7 11/16 in, x 7 13/16 in. x 11} in, The walls were tested
in a vertical position and were supported in the weak direc-
tion. The resulting average ultimate strength mentioned
corresponds to a modulus of rupture of 22.6 psi.

Apparently no attempt has been made to loead
concrete block masonry panels with a uniformly distributed
load, nor have any panels been tested under dynamic or im-
pulsive loadings, ‘

2.2.5 Partition Tile Walls

The avallable knowledge on the behavior of
partition tile loaded in the transverse direction is very

1limi ted.

An investigation into the structural properties
of structural clay “ile was conducted in 1938 by the National
Bureau of Standards (3). These tests were performed on walls
having approximate dimensions of 4y ft x 8 £t x 8 in., and
8 ft x 8 ft x 8 in., and consisting of tile with approximate
dimensions of 8 1n.-i 12 in, x 12 in., laid on end in one
series of tests, and on side in the second series. The.mor-
tar mix used was 1:0.42:5.1 (cement: lime: sand, by volume).
All walls had a span of 7 ft 6 in,

The walls with tile laid on end were found to

have a modulus of rupture of 25.4 psi when loaded at the third
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points, while the walls with tile laid on side were found
to have a modulus of rupture of 42.0 psi. In all cases,
the walls were in a vertical position when tested, and were
supported in the weak direction., Each of the specimens
failed by rupture of elther thg mortar, or the bond between
the tiles and the mortar.

Apparently no attempts have been made to load
partition tile panels with a uniformly distributed load, nor
have any panels been tested under dynamic or impulsive load-
ings.

2.,2.6 Metal Siding

Numerous tests have been conducted on various
types of metal slding, principally under the direction of the
menufacturers and users. These tests, using various loading
techniques, were conducted on both simply-supported and re-
strained end peanels in order to evaluate properties such as
mode of failure and effectiveness of fastening methods, and
in order to verify load deflection curves. All indications
point, however, to the fact that prior to the investigation
conducted under the first part of this program, no tests to
destruction were conducted on metal siding panels using uni-
formly distributed statlic or dynamic loading.

The tests carried out under the first portion
of this program were conducted solely on simply-supported
panels of various types of metal siding. (Standard corru-

gated aluminum and steel; Galbestos standard corrugated
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sheets; and Galbestos V-Beam), and yielded the followlng

conclusions:

(a) All materials tested, with the exception
of Galbestos 18 gauge standard corrugated sheets, falled by
local buckling of the corrugations near midspan. Galbestos
18 gauge standard corrugated sheets falled by bending into
a parabolic curve showing no indications -of buckling.

(b) Dynamic tests on Galbestos 18 gauge V-Beam
jndicate that ultimate strains and deflections sustalned
(where the rate of straining is approximately 105 microin./
in./sec) are 0 to 17% greater than those sustained under
static loads.

(¢) Demping in the Galbestos 18 gauge V-Beam
penels tested was observed to be approximately 8% of critical
demping.

Curves of yleld or failure load versﬁs span
length, and load versus midspan deflection for various types
of metal siding under static and dynemic loads are presented

in Chapter 6 of the report of August 1952 (1),
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CHAPTER 3
UNREINFORCED BRICK MASONRY WALL PANELS

3.1 GENERAL

Static and dynamic tests of nineteen 3 ft square plain
brick masonry wall panels were reported in "Behavior of Wall
Panels Under Static and Dynamic Loads", August 1952, (1).
The ultimate loads for these 3 ft simply supported spans were
extrapolated to longer spans, and curves of cracking load vs
span were presented. Since then, static tests have been con-
ducted on 6, 9, and 12 ft simply supported beams, snd excep-
tionally good agreement was observed with the previously ex-
trapolated curve,

The complete series of static and dynamic tests conduc-
ted over the past two years is repofted below.

3,2 DESCRIPTION OF TESTS

A series of static and dynamic tests were conducted on
simply supported walls and beams., The walls were tested with
two simply support conditions, while the beams were tested
under only one simple support condition but with various span
lengths. This chapter deals only with tests of simply sup-
ported panels and beams; for the description and results of
tests on beams with fixed ends, see Chapter I of this report.

A total of 18 simply supported plain brick masonry
panels and 13 plain brick masonry beams were tested. All walls
constructed for testing in the slab machine were 8 in, thick

consisting of two wythes of brick, and measured 38 in. square.

(See Fig. 3.1l)e
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Beams were included in this program because they are
simpler and more economical to test than walls, The data pre-
sented in the report of August 1952 demonstrated that results
from beam tests may be sati sfactorily applied to walls of
similar span length. The brick beams tested were similar to
the brick walls in that the same 8 in. wythe thickness was used.

Three tyﬁgs of besms were constructed. The first type
was four courses (102") wide, made up entirely of stretcher
courses; the second was also four courses wide, but with a
neader course substituted for one of the interior stretcher
courses; and the third type was 7 courses (18") wide, with 6
stretcher courses and one interior header course., A typical
test beam is shown in Fig. 3.2.

Inspected workmenshlp was maintained throughout; all
interior joints were completely filled with mortar. Members
were tested 26 to 30 days after curing.in a relatively dry
room,

Two types of brick obtained locallj were used in the
tests; sand struck and water struck. Results of tests on the
brick properties are shown in Table 3.1la.

The mortar used in these tests was a 1:1:5 nmix (by vol-
ume) of portland cement, lime, and sand. Numerous samples of
the mortar were tested, corresponding to each particular test
member, for compressive strength, tensile strength in bending,
end modulus of elasticity. All tests were made from 26 to 30
days after sampling. The presults as shown in Table 3.1b varied

considerably because the batching end mixing, as in typical
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Figure 3.1 Brick Wall Panel

Figure 3.2 Brick Beam
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construction practice, were not rigidly controlled.

In order to measure the adhesion of the mortar to the
brick, commonly referred to as mortar bond strength, a series
of tests, as described in the August 1952 report on page 9,
were conducted on the bending rupture, and shearing strength
properties of the mortar bond. Results of these tests are pre-
sented in Table 3.1lc. Shearing strengths presented are values
of the failure load, P, for the shear test, divided by the
mortar area, A,

Initially, three types of bond patterns were used in the
test walls: Flemish, English, and American or common bond.
Flemish bond consists of alternate headers and stretchers in
each course, while English bond consists of alternate courses
of headers and stretchers. American (or common) bond consists
of stretecher courses with a header course every si...a course,

These bond patterns are illustrated in Fig. 343,

Figure 3.3 Bond Patterns
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TABLE 3.1
B-ie¢k and Mortar Properties
a, Brick Properties

Type Modulus of Rupture Absorption
(psi) (ASTM Specifications)
Sandstruck 578-905 -
Watersatruck T 1160-1620 3.2% - 9.7%

b, Mortar Properties

Compressive Strength 555 - 1360 psi
Tensile Strength in Bending 123 - 345 psi
Modulus of Elasticlty 0.41 x 10 - 2.83 x 10° pst

¢. Mortar Bond Strength Properties

et eI Se—————Te g R TP

Modulus of Rupture Shearing Strength (P/A)
(psi) (psi)
Range Average Range Average
Series 13 10-113 71 29-45 36
Series 2% 85~-130 101 49-100 77
Series 3% 83-162 111 - -

#The series numbers correspond to different lots of brick.
Series 1 corresponds to the brieck lot used for tests in-
cluded in the report of August 1952, while Series 2 and 3
correspond to later lots ﬁsed in tests for this report.

As the tests progressed, 1t became apparent that American
bond had considerably more resistance to transverse loads than
either Flemish or English, due to the fact that the failure

plane in American bond must travel a longer distance in shear,
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resulting in a greater area over which shearing stresses act.
Testing of the latter two bonds was then discontinued, and the
remaining test program concentrated on walls of American bond.
The support conditions were varied for different static
and dynamic tests., Three types of support were used: (1) At
each support, the wall rested on a strip of solid rubber
approximately 1 in, wide by %4 in. thick, which, in turn, rested
on a fixed half-round steel support, (see Fig. 3.4). (2) At
each support, a bar, 2 in. wide by 4 in, thick, was plastered
to the bottom of the slab, and rested on a fixed half-rcund
steel support, (see Fig. 3.5). (3) A partially fixed support.
Tests using this latter type of support are covered in Chapter

b,

Wall
rubber
7757}~ Half-round
steel
Figure 3.4 Support Condition (1)
Wall laster
teel bar

Half-round steel
V444 /

Figure 3.5 Support Condition (2)
The walls were tested in the slab machine with the wall
in a horizontal plane. Continuous supports were provided

along two opposite edges of the wall giving a span of 36 in.,
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between supports, The walls were loaded with a uniformly
distributed pressure applied either statically, or impulsively
with a full load build-up in 3 milli-sec and a load duration
of approximately 10 sec.

The brick beams were loaded transversely at the third
points of the span by transverse loading of beams plastered
to the- top face. The load was applied either statically or
impulsively with a full load build-up of 1 milli-sec and a
load duration of about 10 sec,

The following data were recorded for the varlious static
and dynamic tests: load, midspan deflection, damage or mode
of failure, and in a few cases, strains at selected points on
the specimen,

In all instances, the effect of the dead weight of the
specimen was included in load and stress calculations,

In order to help in the extrapolation of test results
from small size slabs to larger span walls, a single static
test was conducted on a wall slab éf large dimension, This
wall, constructed of plain waterstruck brick masonry in American
bond and 1:1:5 mortar, was 2 wythes (8") thick, 25 courses
(64") high, and had a span of 108 in. Support condition (2)
was used, and load was applied at the third points by means
of transverse loading beams plastered on the wall face. The
wall was built and tested in a vertical position in a loading
freme, (see Fig. 3.6). Data recorded were load, deflection at

the top, middle, and bottom, and mode of failure.
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Figure 3.6 Large Scale Brick Wall Loading Apparatus
‘ An analysis of slab failure was conducted in the report
of August 1952 which was based on certain assumptions. A
1imi ted numbef of tests were conducted in an attempt to verify
these assumptions, A description of these tests and their

results are presented in Appendix D.l.

3.3 TEST RESULTS

The results of static tests on brick walls are tabulated
in Table 3.2, A study of Table 3,2 indicates, for the very
1imited number of tests conducted, that the walls constructed
of Flemish and English bond are not as resistant to transverse
loads as walls of American or common bond.

Table 3.2 indicates further that the support condition
has only a small influence on the transverse strength of the
walls. American bond walls of waterstruck brick with support

condition (1) have an average modulus of rupture, based on 3
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tests, of 211 psi{ with a probable error of +16 psi, while
the average modulus of rupture of 3 similar walls tested with
support condition (2) was 238 psi, with a probable error of
+ 8 psi.

TABLE 3.2

Static Results on Brick Walls
(36" Span - Strong Direction - 1:1:5 Mortar)

Test Description [Support Failure Load (psi) Computed Modu-
No. [Briek#| Bond | *#  [Unif.Dist.Press, | lus of Rup-
ture#(psl)
1 S Americen| (1) 9.8 149
2 S American| (1) 8.6 131
3 S English | (1) 7.5 11k
I W Flemish | (1) 9.4 143
5 W Flemish | (1) 8.2 125
6 W Americ (1) 11.1 169
7 W American| (1) 4.2 21,
8 W Americ (1) 16.4 250
9 W American| (2) 1.1 21l
10 W America (2) 16.5 251
11 W American| (2) 6.4 250

#Type of brick: S = Sandstruck; W = Waterstruck
##Refer to Section 3.1 for description of support conditions
setFor sémple computations, see Appendix C
The results of dynamic tests on brick walls are presented
in Table 3.3. A study of this table indicates that the influ-
ence of the support condition on dynamic tests is practically
jdentical to the influence .on static tests.
A tabulation of the test results on beams of varying
span lengths is presented in Table 3.4. The uniformly distri-
buted load listed for each beam and for the 9 ft span wall is

the load whieh would cause the same midspan moment as the ulti-

mate third point loading.
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TABLE 3.3

Dynamic Results on Brick Walls###
(36" Span ~ Strong Direction - 1:1:5 Mortar)

aillure ad omputed ulu

Test No, Support (psi) of Rupture

* Unif, Dist. Press, (psi) 4
D1 (1) 103 260
D2 (1) 11 270
D3 (1) 103 260
Diy (2) 13 320
D5 (2) 132 330
D6 (2) 11 270
b7 (2) 103 260

s#Refer to Section 3.1 for description of supports
##Including dead welght and using a dynamic load factor

of 1.6 (For sample computations, see Appendix C).

##%#A11 walls were constructed of waterstruck brick and

American bond,

The results show that the modulus of rupture of & beam
having all stretcher courses is approximately 25% higher, on
an average, than a corresponding beam having an interior header
course, This 1s explained by the fact that the fallure plane
must travel a longer distance in shear to pass from one
stretcher course tc another than it must travel to pass from
a header to a stretcher course. (See Fig. 3.7)

Deflection readings for the simply-supported beams were
erratic and of such small and insignificant magnitude that
their moment-deflection curves are not presented in this report.

Table 3.4 also includes the results of the test on the

full-scale simply supported weall,
A graph of moment per unit width vs deflection at mid-
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I

i -g— Length of torsionsl shear
plane (= 1/2 brick lemgth)

' Running Bond (All stretcher courses)

1 i

_;.{ Length of torsional shear
plane (= 1/2 brick width)

American Bond (One interior header course)

Figure 3.7 A Comparison of Shear Plane Lengths for Running and
American Bond
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span is shown in Fig. 3,8 for the test on the large-scale
9 ft spen wall.

Among the slabs tested both statically and dynamically,
failure occurred primarily through the brick-mortar joints,
with a slight amount of rupture across the brick, This
failure took place at the midspan, in most cases, in a line
roughly parallel to the supports.

Felilure in the simply supported beams also cccurred
primarily through the joints at some location within the
reglon of maximum moment, Failure was rapid and complete
in the 3 ft and 6 ft beams. As the beam spans became larger,
though, tests showed a tendency of the beams to undergo fur-
ther deflection under slightly decreasing loads after the
maximum load had been applied. This trend was in evidence
in some of the 12 ft beams and especially in the full scale
9 ft span wall, In the case of the 9 ft wall, this pheno-
menon mey be explained by the fact that the bottom of the
wall experienced some resistance to transverse motion, and
that the wall was in a vertical position when loaded.

In the 9 ft wall test, the first cracks appeared al-
most immediately before’the maximum load was reached.

After this maximum value was attained, the load resistance
of the wall fell off steadily. The deflection at maximum
load was about 0.05 in., and the deflection at the approxi-
mate total fallure at which no further load was resisted

was over 2 in. Cracks in the walls were consistent with
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those obtained in the beam and slab tests, since they
appeared in the brick mortar joints in the region of maxi-
mum moment, and were approximately parallel to the supports.
These cracks reached a maximum width of about 3/4 in, The
wall during the test is shown in Figs. 3.9 and 3.10.

In none of the tests on simply-supported walls and
beams were- shear or bearing failure encountered.

3.4, DISCUSSION OF RESULTS

From the data presented, it can be seen that the
static and dynamic behavior of simply-supported beams
checks rather well with the behavior of wall slabs of simi-
lar span length, considering the limited number of tests
conducted. Beams with header courses yielded test results
which did not check as well, Three factors which might
cause diserepancies between beam test and slab test results
are: (a) The deflection resistance of a wall is greater
than that of a beam due to Polsson's ratio acting to a
greater extent in the wall under bending. (b) The full load
rise time for the beam machine in a dynamic test 1is 1/3 that
for the slab machine. (c¢) The method of loading differed
for slabs and beams,

The computed moduli of rupture of the simply supported
beams and slabs tested under statically applied loads appear
quite consistent with each other. The modulus of rupture
obtained by averaging the results of twelve tests is 247
psi with results ranging from 214 to 292 psi. Thi's modu-

lus of rupture corresponds to an ultimate static moment of
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Figure 3.9 Large Scale Brick Wall at 0.k inm.
Deflection
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2,640 in.-1b/in., for an 8 inch brick wall,

In the report of August 1952, plots of cracking
load vs span lengths were presented for both fixed-end
and simply-supported cases under static and dynamic load-
ing. These curves are theoretical extrapolations based on
the fact that cracking occurs when the wall sustains some
eritical moment, and that the moment varies as the uni-
formly distributéd load and éhe square of the span. Hence,
the uniformly distributed ultimate load varies inversély
as the square of the span length, .

In Pig. 3.11, a theoretical curve 1s presented of
ultimate static load vs span length for support condition
(2). In plotting this curve, the average cbserved ultlmate
load of the 3 ft slabs and beams tested was taken as the
ultimate load for a span length of 36 in,, and the curve
was extended from that point using the relationship of load
to span length mentioned in the preceding paragraph.

Actual observed ultimate loads for beams of walls of varlous
spans were also plotted. The curve resulting from these
latter points assumed a shape similar to the theoretical
curve, proving the validity of the relationship between
ultimate load and span length. The actual observed load
values were taken from tests on American bond walls and
beams only, (For similar curves, but based on results on
d-ond spans, sss Chapter i),

The observed peak fallure loads for the walls tested

dynamically were found to be an average of 75 to 80% of the
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corresponding ultimate static loads. The true dynamic load
factor, neglecting modes higher than'the first, 1s approxi-
mately 1,6, and the corresponding strength factor is 1.20
to 1.28, (For computations, see Appendix C, Report of
August 1952). The report of August 1952 presents a graph
of load to cause initial cracking vs span length for 8 in,
walls under dynamic loads.

3.5 CONCLUSIONS
Based on the limited number of tests conducted, it

may be concluded that:

(a) The ultimate transversely applied uniformly
distributed load on brick masonry walls and beams varies
inversely as the square §f the span length, all other con-
ditions remaining constant.

(b) Failure of simply supported 8" thick slabs and
beams under trensverse loads occurs primarily through the
brick mortar joints at approximately midspan due to bending
moment, and no fallure due to shear or bearing &re encoun-
tered in spans of 3 ft to 12 ft long.

(¢) Static and dynamic tests on brick beams indicate
that the moduli of rupture agree fairly well with those for
corresponding brick walls,

(d) Walls of American or common bond are stronger
In resisting transverse loads than are walls of English or

Flemish bond, depending upon the strength of brick and mor-

tar used.



.

CHAPTER i
COMMON VARIABLES IN MASONRY WALLS

4.1  GENERAL

In order to evaluate the effect on the strength and
behavior of walls of some of the varisbles existing 1n
brick masonry construction, a number of tests were conduc-
ted on brick slabs and beams in which these variables were
eltered. End support condition, direction in which the wall
was supported, mortar strength, and superimposed dead welight
on the wall, were the variables which were studied.

4.2 END SUPPORT CONDITION

The results of tests on simply-supported unreinforced
brick masonry demonstrate that the bending strengths of such
walls are extremely low. In actual construction, simply-
supported panels will not be prevelent since degree of end
restraint to the masonry wall would be normally present.
This restraint would be provided by framing members or ad-
joining panels. Section 4.2 considers the strength of walls
under conditions of as nearly full end restraint as could be
achieved practically. Practical walls would exhibit strengths
between those aschieved in tests reported ;n this section and
those achieved in tests reported in Chapter 3.

4.2.1 Description of Tests

A totel of 17 beams were tested with fixed-end
conditions. These beams were all 2 wythes (8") thick, and

constructed of locally obtained waterstruck brick, using &
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mortar of 1:1:5 mix (by volume) of portland cement, lime,
and sand. |

Two types of beams were used. One type con-
sisted of L stretcher courses and was 103 in. wide; the
second type consisted of 6 stretcher courses and one
interior header course, and had a width of 18 in. The
former beam represented running bond while the latter was
a reasonable approximation of American bond.

The support condition used in these tests was
similar to condition (3) as described in the report of
August, 1952, It consisted of a steel bar plastered to
the bottom of each beam end and resting on a steel haelf-
round support which, in turn, rested on a steel beam
assembly, A rigid buttressed plate, placed approximately
1 in, from the brick beam ends, was clamped to the steel
assembly and made to bear against a bar welded to the
assembly. The area between the brick beam and the but-
tressed plate was then filled with plaster of paris, and
the whole assembly was placed in the loading machine (see
Fig. 4.1). Third-point transverse loading was applied
statically, An 8 ft beam with fixed-end supports is shown
in Fig. 4.2 Data recorded during the tests were midspan
deflection, ultimate load, mode of failure, and readings

of end rotation to ascertain the amount of end fixity.

h.2.,2 Test Results

The description of each beam and the test re-

sults are presented in Teble 4.1l. The uniformly distributed
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Figure L1 End Fixity Achieved in Beam Tests

(dotted line represents beam after tension
cracks have opened in plaster.)

Figure .2 Fixed End Supported 8 ft Beam
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ultimete load listed for each beam is the equivalent load
value whichk would cause the same toﬁal moment, positive
plus negative, as the ultimate moment observed in the beam
test,

Curves of equivalent load, as described above,
vs midspan deflection caused by third-point load applica-
tion for span lengths of 3 ft, 6 ft, and 12 ft are presen-
ted in Fig. L.3.

Since full fixity was not achleved, some rota-
tion of the ends, combined with cracking and compression
feilure of the plaster of paris, was observed, (For des-
cription of the actual fixity achieved, see Sect. L.2.3).
Curves of end rotafion vs applied moment per unit width for
3 ft, 6 ft, and 8 ft spans are presented in Appendix D,2
of Appendix D,

The mode of failure observed during tests on
the 3 ft, 6 ft, and 5 ft beams was as follows: as the load
on the beam was applied, vertical tension cracks appeared
at the bottom of the beam between the bricks and mortar
somewhere in the region of maximum moment, When these
cracks had progressed to a point about three-fourths of
the depth of the beam, a horizontal crack appeared extend-
ing out from the vertical cracks along the horizontal mortar
joint which separates the twu brick wythes, Both horizontal
and vertical cracks continued to progress as more load was
applied, As the ultimate load was reached, the horizontal

crack extended almost instantaneously to one end of the
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beam, effectively reducing the system to two beasms, each
having one-half the height and one-eighth the moment of
inertia of the original, Further downward deflection under
loed resulted in & slow and steady decrease in the load re-
s1stance of the beam (see Fig. l4.3). A release of the load
resulted in the beam recovering part of its deflection. An
inspection of the beam after 1t had reached its ultimate
load revealed that the mortar jolnts near midspan on the top
face of the beam and also on the top face of the bottom wythe
had failed in compression, thus tending to confirm -the be-
11ef that the system had falled as two beams. As the beam
was doflected beyond the point of ultimate load, severe
cracking in all brick mortar joints occurred, Some of the
tests on the American bond beams showed the bricks in the
header course to be ruptured as the horizontal separation
reached them, while in other tests, the horizontal separa-
tion occurred in the brick mortar joint separating the two
wythes but extended just to the interior header course
bricks and tnen continued vertically up and down the courses,
leaving the header bricks intact,

The mode of failure of the 12 ft span beams
differed from that of the other beams tested in that no
horizontal separations appeared during the loading; instead,
the beam continued to act as one unit, and fallure was due
to compression in the top face mortar Joints.

4.2.3 Discussion of Results
A comparison of the ultimate uniformly distri-
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buted loads resulting from tests on simply-supported and
fixed-end supported beams 1s presented in Table k.2, As
expected, fixity lncreases the strength of a brick masonry
member appreciably. This effect, however, decreases &8s
span is increased.
TABLE 4.2
Comparison of Test Results on Simply-Supported and

Fixed-End Supported Beams

Span |Average Ultimate Load Relative Strength
(ft) (psi) (incl DL) Simply-Supported:
* Simply Fixed Fixed-End
Supported End
3 1.6 © 82,6 1:5.6
6 4.0 22.4 1:5.6
12 1.0 2.77 1:2.8

#0Only American bond beams considered.

It must be noted that actual full fixity was not
achieved in any of these teSts because of the lack of ten-
sile strength.in the plaster, which led to a separation
between the beam ends and the buttressed plate above the
neutral axis., The plaster below the neutral axis provided

for the transmission of the thrust or wedging force., (See

Fig. L.1) 3
The end support conditioﬁ experienced by the beams
tested in this series corresponds approximately to that which
exists for a brick filler wall betwesn heavy reinforced con-
crete or steel columns. The columns‘would resist the out-

ward motion of the compression fibres of the wall but the

i{nward motion of the tenslon fibres would be resisted only
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up to the tensile strength of the mortar joint (see Fig. l.lL).
The support condition of the beams also corresponds, but to
a lesser extent, toc that of a brick wall continuous over a
number of columns. The ends of each span are fully fixed
until the tensile strength of the mortar joint is exceeded,
at which point tensile cracks occur and the support condl-
tion changes from full fixity to one somewhere between fully
fixed and simply supported (see Fig. b.b).

An explanation of the appearance of horizon-
tal cracks between the brick wythes in the region of maxi-
mum moment where theoretically no shear exists, 1s presented
as follows: as the beam is loaded ‘and undergoes deflection,
parts of the beam resist the curvature corresponding to this
deflection. Ohce the beam has cracked at a up %o b (see
Fig. L.5), the section, abed, must bend according to the
curvature of the beam, The only forces which can affect
this bending of abcd are tensile forces along cb., It 1is
reasonable to expect that as these tensile stresses exceed
the ultimate tensile stress, local failure will occur, re-
sulting in horizontal cracking along b toward ¢ and eventu-
ally to the end of the beam, causing fallure of the member.

Other investigators have encountered similar
horizontal cracking phenomena in a region of zero shear in
reinforced and preétressed coﬁcrete. However, this pheno-
menon is more likely to occur in unreinforced members.,

In Chapter 3, results show that beams having

~only stretcher courses possess greater strength than beams
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containing one interior header course. When beams with
.fully-fixed end supports were tested, however, the results
. indicated that, in most cases, the presence of a header
‘course in the beam resulted in an increase in strength of
the beam., This is due to the fact that the header course
bricks, possessing a greater strength in tension than the
mortar they replace, increase’the beam's resistance to hor-
1zontal cracking, and thus increase the ultimate load. It ’
w;uld be logical to conclude that if more header courses
were.included in the construction of brick masonry walls,
the wall's resistance to horizontal cracking might be in-
creased to a point where this mode of failure would be
eliminated, and the wall might then fall as a single beam
at a higher ultimate load, instead of separating into two
beams as observed,

Fig. 4.6 presents two curves of uni formly
distributed ultimate load vs span length for an 8" brick
wall with a f1£;d-end condition (support condition 3).

The theoretical (dotted) curve of ultimate static load vs
span is plotted by taking the average of the experimentally
observed ultimate loads of the 3 ft fixed-end beams as the
uni formly distributed ultimate load corresponding to a span
length of 36 in.,, and then extending the curve according to
the relationship stating that the ultimate load is inversely
proportional to the square of the span length, Actual ob-
served ultimate loads are also plotted and the resulting

average curve is shown in the graph by the solid line, Since
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the curve based on the observed results assumed a shape

very similar to the theoretical curve, it may be concluded
that the ultimate uniformly distributed static load varies
inversely as the square of the span length. Only American

bond beams were included in the graph.

h,2.4 Summary
Based on the limited number of tests conducted,

it may be concluded that:

(a) Fixed-end supports, as achleved in the
tests described in this section, materlally increase the
resistance of a brick masonry wall to transverse bending.

(b) The ultimate traﬁsversely applied static
load on brick masonry walls with fixed-end supports varies
inversely with the square of the span length, other vari-
ables being held constant.

(¢) Faellure due to transverse bending in 3 ft,

6 ft, and 8 £t span walls is initiated by horizontal sepa-~
ration in the ﬂ;ick mortar joint between the wythes; this
separation caguses the member to act as two walls of one=-
eighth the original moment of inertia, resulting in total
failure., In brick wells having span lengths of 12 ft or
more, the member will continue to act as a unit durlng trans-
verse loading, and failure will be due to compression rupture
in the top face mortar jolnts.

(d) The presence of header courses, by resist-
ing horizontal separation, increases the transverse strengtih

of an 8" brick wall with fixed ends.
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4.3 DIRECTION OF WALL SUPPORT

Brick walls may be supported in either of two direc-
tions or in both directions, When supported in one direc-
tion only, the wall may be supported so that i1t 1s strong
or weak, depending on the direction of the courses of brick.
The strong direction refers to a condltion in which the two
supports run at right angles to the brick courses, while the
weak direction refers to a condition in which the supports
run in the direction of the brick courses (see Fig. hk.7).
A1l walls and beams tested outside of those covered in this
section were loaded while supported in the strong direction.

In actual masonry wall construction, support against
transverse lcads may be provided in either the strong or
week direction or both (two-way panel). Brick panels sup-
ported against vertical columns on their outer edges are
supported in the strong direction, while brick panels sup-
ported along the top and bottom only by spandrel beams or
grade beams are‘ supported in the weak direction.

4.3.1 Description

Two identical walls of American bond waterstruck
brick and 1:1:5 (by volume) mortar were tested statically in
the weak direction, using a span length of 36 in., and support
condition (2).

4.3.2 Results

Failure Load Modulus of Rupture
No. (psi) (psi) %
Wl 1.7 . 26
L 0.6% 9
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|
(1) Supports running in strong direction.

(2) Supports running in weak direction.

Figure k.7 Suppert Conditions
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#W, failed under dead weight only.
##For sample calculations, see Appendix C.

}.3.3 Discussion of Results

The results of this limited number of tests
indicate that brick masonry walls are much less resistant
to transverse loads when supported in the weak direction.
This phenomenon can be explained on the basis of a flaw
theory, which is described in detall in Sect. L.4.3b of the
August 1952 report.

Results of brick masonry slabs tested in the
strong direction are presented in Chapter 3.

..} SUPERIMPOSED DEAD WEIGHT OF UPPER STORIES

The tests described in this section were conducted in
an attempt to evaluate the effect of superimposed dead load
on the resistance to transverse bending of brick masonry

‘ walls,

L..1 Description of Tests

Seven brick masonry walls were tested in this
series, They were two wythes (8") thick and 38 in. square.
The slabs were laid in American bond using waterstruck brick
and 1:1:5 (by volume) mortar,

The dead welght effect was achieved by stress-
ing high strength rods, 0.20" in diameter, which were placed
unbonded between the wythes of brick at right angles to the
brick courses. Each rod was provided with a plate at either
end to provide the reaction, a stress gauge to measure the

force in the rod, and bolts on the threaded ends of the rod
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to control the force. The complete details of the scheme
to cause the dead weight effect are presented in Appendix
D.3.

Three walls were prestressed to a load of
2210 1b/ft, and four walls to a load of U420 1b/ft, the
latter load value corresponding closely to the maximum dead
load effect found in a typical two-story building, (For
computations yielding this value, see Appendix C)., The
walls, supported in the strong direction on a span length
of 36 in, using support condition (2), were tested in the
slab machine with a static uniformly distributed load
applied transversely,

Data recorded were ultimate load, midspan
deflection, and mode of failure,

h.y,2 Test Results

Table 4.3 presents the description of each
slab along with the ultimate uniformly distributed load

sustalined in ea;h test.

A curve of midspan moment per unit width vs
midspan deflection for the four slaebs which were prestress-
ed to a value of L420 1b/ft is presented in Fig. L.8.

The mode of fallure of these slabs was simi-
lar to the mode resulting from tests on plain brick masonry
walls (see Fig, 4.9)., It was noted, however, that as the
prestressing was lncreased, there was a tendency of the
rupture plane to pass through the brick rather than to

travel along the mortar joint; i.e., more bricks were rup-

- 55 -



pasodmiaadng y3ima ‘-ut

€ = yBua] uedg JO T11BM LIUOSEY FOT.X
Bulpeo] WI0JTUf 973835 40 UOT3O9TISq UedSPIW 8A UIPIM 3TU) 29

*33/8q1 02%f JO PWOT pesQ

(*ur) wuor3da]veQq uedspIN

ui®ld °Ul g uvo
JUSmON Jujpusg Q' 4 AN

610°0 010°0 $00°0
P
\\ é
v ~
\\ Y
K e 133
\ Buoays “(2) uoTT{pucs j 5 E i
\ ‘puoq uesIISWY ‘RWOTaq FONa38J :SUOTYTPUO) (389,

of1

0°e

0°t

0%

0°S

( ’UI/QI-“IIEOI) YIPTA 3Tun 2ad Jusmoy

- 56 -



tured.
TABLE 4.3
Results of Tests on Wall Slabs Under Superimposed Dead Load
(American Bond, 1:1:5 Mortar, Support Condition (2),

Supported in Strong Direction)

§11 Super- | Mortar ltimate | Midspan | Modulus
o. [imposed psi Defl.at of
Avg. |Ave. |(3n0) pL)| ULt, Ld) Rupture

Load
Flex.|Comp. "
-S-1 2210 127 810 20.8 0,025 316
-S5-2| 2210 109 | 560 25.8 0.016 392

-S-3| 2210 138 | 968 274 0.032 417
-S-=I | Wheo 205 | 560 3L4.0 0.025 517
-S-5 1 Lh2o 193 | 545 27.0 0,011 410
-S-6 | Ll2o 285 1184 25.5 - 388
-S=-71 LL20 180 | i3 23.0 -- 350

#Deflection values are from the dead load position,
##For sample computations, see Appendix C.

i.h.3 Discussion of Results

. The results of these tests show that the
effect of superymposed dead load 1lncreases the transversé
strength of brick masonry walls, The average modull of
rupture of the walls prestressed 2210 1b/ft and 4420 1b/ft
weré 375 psl with a probable error of +20.4 psl and L16
psi with o probable error of +14.6 psi, respectively, while
the average modulus of rupture of 8" brick walls with sup-
port condition (2) having no superimposed dead weight was
2147 psi with a probable error of *L.l4 psi.

A graph of average modulus of rupture vs
superimposed dead load is shown in Fig. 4,10, The graph

shows that the rate of increase of transverse strength of
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*por sample computations, see Appendix ¢

- 58 -



a brick wall due to superimposed dead load falls off as the

dead load 1s increased.

Fig. 4.10 also shows the relationship of the
superimposed dead load to the transverse strength increase
factor for a brick wall of 8 in, thickness.

L..4 Conclusions

(a) Superimposed bearing load, applied longl-
tudinally, increases the resistance to transverse bending
of plain brick mﬁsonry walls,

(b) The increase in transverse strength, due
to the superimposed load, falls off as the superimposed
load is increased (see Fig. l.10).

4.5 MORTAR STRENGTH

It seems clearly obvious that a higher strength mor-
tar would result in a stronger brick wall penel. In order
to determine the general trend of strength and behavior with
stfonger mortars, the following series of tests were conduc-
te:! on wall panzls constructed with a representative strong

mortar, all other conditions remaining unchanged.

4.,5.1 Description of Tests

A total of nine wall panels were tested in this
series, three statically and six dynemically. .All wall
panels were constructed of waterstruck brick in American
bond; dimensions were identical to those for walls of regu-

lar strength mortar (see Fig, 3.1), namely, 8 in. thick

consisting of two wythes of brick and measuring 38 in, square.
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All wall panels in this series were lald in
e 1l:%:3 mortar mix (cement: lime: sand, by volume) in
place of the regular 1:1:5 mortar mix previously used.
This 1:%:3 mortar corresponds to a type A mortar as speci-
fied by the Structural Clay Products Institute (13). This
national authority recommends type A mortar as a high-
strength mortar suitable for general use, and specifically
for reinforced brick masonry and plain masonry below grade
and in contact with earth. (The 1:1:5 mortar mix corre-
sponds to a type B mortar, a medium strength mortar recom-
mended for general use in exposed masonry above grade) .
Compression and flexural tests were made on
samples of this high-strength mortar as used in each wall
tested. The average of 36 samples gave a compressive
strength of 2,020 psi at 28 days. (The Structural Clay
Products Institute specifies a 28 day compressive strength
of- 2,500 psi for type A mortar)., Flexural tests on 36 more-
tar beams gave an average modulus of rupture of 450 psi.
All wall panels were tested to destruction in
the slab testing machine loaded with a uniformly distribu-
ted pressure applied either statically, or impulsively
with a full load buildup of 3 milli-secs. and a load dura-
tion of appréximately 10 secs. All wall panels were sup-
ported in the strong direction using support condition (1),
which corresponds closely to simply-supported edges.
Ultimate loads were recorded for each wall

panel tested. In some dynamic tests, SR-l strain gauges
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were placed across mortar joints at midspan to determine
the fundemental period of vibration, the amount of damping,
and the observed dynamic load factor. The behavior and
mode of failure of all walls was noted.

j.5.2 Test Results

The ultimate loads for high-strength wall
panels are tabulated below (dead weights are included):
TABLE L.l

Test Results on High Strength Mortar Brick Wall Panels
(36 in. span - strong direction)

est | Type ~ Nortar | Ultimate Load |Computed
O. Avg. Avg. Modulus of
Flex. Comps Rupturesit
(psi) (psi)
A-S-1|Static | 422 2250 19.5 psi 296 psi
A-S-2|Static| 375 1225 19.6 298
A-S-3|Static | 403 1650 2. 36l
Average of 3 |statlic tests 21,0 318
A-p-1|Dynamid 617 1695 less
thanlS psi
A-D=-2 |{Dynamid 460 1848 less
thanl3
A-D-3 |Dynamic| 418 1830 less
thanl2.5
A-D-li {Dynamic| 4,06 217 11 28l
A-D-g Dynamic| 4,08 178 11.5 299
A-D-b [Dynamic| 520 2890 13.5 39
Average of 3 dynamic tests 12 3103

#Using a dynamic load factor of 1.7 (see Sect. L4e54¢3)e
»#For sample computations, see Appendix C.

Tests A-D-1, A-D-2, and A-D=3 were not entirely successful
in that the wall panels falled under the first dynamic
load applied; therefore, it can only be said that the dy-
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nemic ultimate load for these three wall panels is some-
where between zero and the first dynamic load applied in
each case.

A comparison of ultimate loads shows the the
ultimate dynamic load is from 55% to 65% of the ultimate
static load. A graphic comparison of static and dynamic
ultimate loads and mortar strengths for this high-strength
mortar and the previously used medium-strength (1:1:5) mor-
tar is presented in Fig. l.11, Note particularly fhat
while the high-strength mortar results in mortar compres-
sive and flexural strengths approximately twice those for
medium strength mortar, the static ultimate loads for walls
of the former are approximately only one and one-half times
those for the latter. Note also that the dynamic ultimate
loads for walls of high-strength mortar are approximately
only one and one-quarter times those for walls of medium-
strength mortar, |

Failure in all instances occurred by rupture
of the wall near midspan. As would be expected with the
stronger mortar, the proportion of bricks ruptured was
found to be greater (by about a factor of two) than with
medium-strength mortar. Except for this feature, the mode
of failure in all cases was identical to that encountered
with walls of medium-strength mortar.

The fundamental period of vibration was deter-
mined, with the aid of SR-lf strain gauges, to be approxi-
mately 0.0l5 secs. The damping coefficient was observed,
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from the strain gauge recorde, to be approximately 7% of

critical damping. The observed dynaﬁic load factor varied

from 105 to 1.7

e

Relative Strength of Walls
to Transverse Bending

3]
b v
al & be] 0
w ol
] 3
&
High Strength Mortar - Low Strength Mortar
1:1/k:3 mix 1:1:5 mix
2000 psi 800 psi

Figure Lj.11 A Graphic Comparison of Statlc and
Dynamic Transverse Ultimate Loads

to Mortar Strength

4.5.3 Discussion of Results

, The results of the static tests are in

. qualitative agreement with a serles conducted by the
Bureau of Standards (li); unfortunately, a precise com-
parison cannot be made becauss of other variables,
Apparently no other investigations, either static or dy-

namic, on the effect of different mortar strengths have

been conducted.

The fact that the wall strengths do not in-
crease directly as the mortar strength may be due to the
fact that the bond of the mortar to the brick probably

does not increase directly as the mortar strength increases.
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The relationship of this bond to wall failure, particu-
larly its tensile and shear rupture, has been discussed
previously.

The dynamic behavior of these walls could
be theoretically predicted with the aid of a few calcu-
lations. The following data was observed:

Initial load buildup 0,003 sec

Fundamental period of vibration 0.015 sec

Damping coefficient %

By methods previously described {1), the true dynamic load
factor may be computede.

DeoL.Fs = 1.70
This value is at the high end of the range of observed dy-
namic load factors.

If there is no strength increase under this
dynamic rate of straining, the ultimate dynamic loads
should be to the ultimate static loads as 1l:1.70 or about
60%. Since the observed ratio was 55 to 65%4, we may con-
clude that any increased ability to sustain strains and
deflections under the dynamic test conditions imposed 1is
practically negligible. Translated into terms of dynamic
design, this means that while for medium-strength mortars
the static allowable stresses may be increased by, say,
30%, the same for high-strength mortars may be increased
by, say, less than 5%, if at all,

i.5.4 Conclusions
Based on this limited series of tests on highe
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strength mortar, and a comparison of the results with

those from tests on medium-strength mortar, the following

facts regarding the behavior of brick walls in resisting
transverse loads may be concluded., The use of high-
strength mortar rather than medium-strength mortar results
in:

(a) Increased ultimate static loads,

(b) Increased natural period of vibration,
damping, and consequently,

(¢) Increased true dynamic load factor,

(d) Practically negligible increased ability
to sustain strains and deflections under
dynamic loading,

(e) Increased ultimate dynamic loads, but
due to factors (c) and (d), thlis increase
is proportionately less than the increase

J : in the ultimate static load.
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CHAPTER 5
REINFORCED BRICK MASONRY WALLS

5.1 GENERAL

Tests were conducted on reinforced brick masonry
(RBM) panels and beams in order to evaluate the effective-
ness of reinforcing steel in increasing the transverse
bending strength of brick walls, Information was also
desired concerning which design methods would be most
applicable for RBM wall panels.
5.2 DESCRIPTION OF TESTS

Eighteen RBM panels and beams were tested in this
geries; two of these were tested dynamically, the remainder
statically. All specimens were constructed of waterstruck
brick laid in American bond; the reinforcing steel used
consisted of intermediate grade bars with standard deforma-
tions, as specified in ASTM specification A 305. The
majority of the specimens were laid in a 1:%4:3 mortar mix
(cement: lime: sand, by volume) which generally satisfies
the requirements for RBM comnstruction as specified by
building codes of accepted authorities. A few specimens
were laid in a 1:1:5 mortar mix. The method of laying up
the test specimens is described and illustrated in Appendix
D.j. Specimens of two thicknesses were tested, one wythe
(4 in.) and two wythes (8 in.). Steel reinforcing ratios
were varied from 0.,0057 and 0.0082. The panels tested
were 38 in., square; the beams tested were 18 in., wide and

6, 8, and 12 ft long. In addition, one full scale wall
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panel measuring 6 ft by 9 ft was tested.

The 38 inch panels were tested in tﬁe slab machline
under a uniformly distributed load applied either stati-
cally or dynamically with full-load buildup in 3 millisec
and a load duration of approximately 10 seconds. The
beams were tested in a universal testing machine under a
static third-point loading. The 6 ft by 9 ft wall was
tested in a loading frame under a static third-point load-
ing. Support condition (2)# was used on all specimens.

A detailed descriptive tabulation of the tests con-
ducted is presented in Tabls 5.1l.

The following data were recorded for each test:
ultimate load, mode of failure, midspan deflections, and
strain readings from SR-l} gauges on the reinforcing rods
and morgar joints. Secondary test data included compres-
sive and flexural strengths of the mortar and of the brick,

modulus of elasticity and yield strengths of the reinforcing

rodse.

5.3 TEST RESULTS
Thé ultimate loads and other pertinent static test
results for RBM panels and beams are presented in Table 5e2e
The ultimate load in psi listed for the specimens ~
tested under third-point loading (all beams and the 6 ft by
9 ft wall) is the uniformly distributed load necessary to

cause the same moment at midspan as the ultimate third-

point loading. The ultimate load is also represented in

#See Section 3.2
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terms of ultimate moment at midspan in inch-kips per inch
width of panel or beam. (Sample computations are presented
in Appendix C)

A curve of midspan moment vs midspan deflection was
plotted for each specimens tested. Each series was con-
sidered separately (38 in. panels, 6, 8, and 12 ft beams)
and an average curve best representing all the curves in
a particular series was drawn (see Figs. 5.1 and 5.2). On
the 6 ft by 9 ft panel, threg deflections were measured at
midspan, one at the center, and one near each edge. Since
the readings at the different locations showed very slight
variance, the three were averaged and the average curve
was plotted of midspan moment vs midspan deflection (see
Figs 5.3).

Two basic modes of failure were encountered as noted
in Table 5.2, (a) bond slippage, and (b) bending moment
failure.

Panels RS1 through RSS were designed to develop high
bond and shear stresses., Web reinforcing was provided in
order to preclude shear failure. The mode of fallure ob-
served in these panels was sudden and complete and exclu-
sively due to bond slip. (See Fig. 5.l)

Panels RL4S1 through RLSlL underwent slow and gradual
cracking and deflection under load until the horizontal
mortar joints containing reinforcing steel separated,
causing sudden and complete fallure. (See Fig. 5.5). At
failure, the reinforcing rods had been stressed to approxi-

mately 80% of their yield strength.
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'Figure 5.5 Panel RLS-1 After Fallure
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The remaining test specimens failed by tensile
yielding of the reinforcing steel due to excessive
bending-moment. This mode of faiiure is gradual and re-
sults in large energy absorptions. The failure is character-
ized first by eracking in the tenslile mortar joints, a
gradual openling up of these cracks as the steel is strained,
and finsally a slow plastic deflection as the steel passes
1ts yleld point. After yielding there is a slight and
gradual increase in sustained load as strain hardening
occurs in the reinforcing steel. A4lso a slight horizontal
separation through the mortar joints between the brick
courses occurs as the specimen continues to deflect in the
plastic range. A typical failure is shown in Fig. 5.6.

The 6 ft by 9 ft panel, LS2, exhibited this same
type of bending-moment failure. This panel, after failure,
i1s shown in Fig. 5.7.

' In order to determine the effect of excessive plastic
deflection of RBM panels, several specimens were deflected
far into the plastic range. Under these large deflections
the reinforcing steel yielded plastically and cracks in all
mortar joints, particularly near midspan, opened wider.
Particular attention was paid to the deflection at which
the brick units on the tension side became completely sepa-
rated and could be removed by hand. This condition occur-
red at deflections of 1/36th to 1/4iith of the span length
for 8 in. thick panels on span lengths from 3 to 12 ft.

Two } in. thick panels 38 in. sq. were tested
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Figure 5.7 Large Scale RBM Wall After Failure
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dynamically in the slab machine. The results are presented

below:
R-ii-D1
tested at 5 3/ psi - no damage, no permanent de-
flection
retested at 7 psl - slight cracking on tension
side
retested at 8§ psi - complete fallure over one
third panel
R-i4-D2
tested at 5 psi - no damage, no permanent deflec=-

tion
retested at 6 psi - slight cracking on tension side
retested at 63 psi - complete failure over 4 panel
These dynamic tests are few in number and were in-
tended only to give an inkling as to the dynamic behavior
to be expected from RBM panels.
S.lt DISCUSSION OF RESULTS

The behavior of the RBM specimens during load tests,
particularly at load magnitudes approaching the ultimate,
and also for all loads in the plastic range, serve to
demonstrate the similarity of RBM to reinforced concrete.
Naturally, the different materials have different yleld
and ultimate stress values and moduli of elasticity, so
that loads and deflections do not correspond. However,
the mechanical behavior of these under-reinforced RBM
members is so similar to reinforced concrete that RBM
might well be considered a speclal type of reinforced

concrete construction,
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Thus, the pertinent question ;n the consideration of
RBM construction is whether or not the principles used in
the design of reinforced concrete can be applied to the
design of RBM. For the wall panels such as considered in
this ﬁrogram, subjected to transverse loads, three types
of fallure may be encountered; bond fallure of the rein-
forcing steel, shear failure through the masonry, and
bending failure due to yielding of the reinforcing steel
and/or compression fallure in the masonry.

The shear and bond stresses may be calculated by the

classical formulas:

v = V/bjd

SV
£ojd

= shear stress, in psi

u =,

]
=
o
i)
@
-
<
i

total shear in lbs.
. j = 875

u = bond stress, in psi

<3
it

jio = total reinforcing steel permeter, in inches.

For b and d, see Fig. 5.8.

v

A .

/7
// A_= steel cross-sectional

/
///J //// / o area.
As ‘\%%Né 'y/ ‘ p = steel ratio = A_ bd
* '$7 L /.’/79
,4 5 — -

Figure 5.8 Cross-Sectional View of Typical
Reinforced Masonry Section
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Because shear and bond failure are sudden and occur
without warning under static loads, and are ineffective in
absorbing much energ; under dynamic loads, it is advisable
to preclude their occurance by keeping design values of v
and u below ultimate values.

The bending moment failure of the walls could be theo-
retically predicted by use of the plastic design theory (10)
extensively used in reinforced concrete design.

This theory assumes a strass distribution at the

plastic load as shown in Fig. 5.9
k £

A ‘ f'= brickwork compressive
¢ strength
T = tension force in steel ,
"’ ) fy= steel yleld strength

o © o Y —_—— ’
T=ATf
sy

Figure 5.9 Wall Section With Assumed Stress
Distribution According to Plastic
Design Theory

Adcording to the plastic theory, the plastic moment of &

section faiiing by yilelding of the tensile steel:x 1s:
Mo, = ¢ A Ty

By substituting the actual values of As and fy and the ob-

served plastic moment for MPL’ it may be seen from Table

5.3 that for the members which failed in bending moment,

the resulting value for ¢ comes out very close to the value

used for d. Hence, for under-reinforced members, a fairly

accurate prediction can be made of the plastic moment by

#Fallure by compression in the masonry, which 1s sudden
and not capable of abscrbing appreciable energy, may be
precluded by under-reinforeing the section.
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TABLE 5.3
Computed Results of Tests on Reinforced Slabs

and Beams - Bending Moment Failure

Test No. ODbserved A P d [ Pred. Ult. Mom.

Ult. Mom. (1n82) (2) | (in.) | (in.) AL d

(in.k/ft) . (in3kJEL)

6R1 183.0 " Oslik 057 7 7.04 182,0
€r2 181.0 O.LbL 0.57 7 6.96 182.0
6R3 181.0 0.l 0.57 7 6.96 182.,0

8R1 181.6 Ol 0.57 7 6.98 182.0
12R1 147.0 o.hb 0457 7 6.68 154.0

12R2 1,5.5 Ol 0.57 7 6.62 1540
1S2 188.0 048 0,57 7 6.6L 198,.0

TABLE 5.k
Computed Results of Tests on Reinforced Slabs

and Beams - Bond Slippage Failure

Test No. Mortar Mix Mortar Compe. Shear Stress| Bond Stress
(cement: lime: | Strength (psi) at Ult. Id. | at Ult. Ld.
sand, by vol) (psi) (psi)
RS1 1:1:5 998 187.0 1,38.0
RS3 1:%:3 2020 165.0 56340
RSh 1:1:3 2070 12,0 487.0
RS5 1:—1—:3 2190 239.0 822.0
RLS1 1:53 3 1500 101.0 L1680
RLSL l:3:3 1165 77.8 358.0
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disregarding the brickwork compression on the wall section
and thereby using the formula:

M =dATf
PL, 87y

The predicted and actual plastic moments for panels fail-
ing in bending, computed by the above-mentioned methods,
are summarized in Table 5,3,

Little can be stated concerning design proccedure
applicable to members with larger percentages of reinforcing
steel. However, the steel used in the test specimens may
well be considered a practical maximum for RBM construction.
In order to add more steel, uneconomical factors must be
brought in such as locating the steel where its moment arm
is small or causing serious inconvenience to the bricklayer;
or an entirely different reinforcing scheme must be substi-

tuted.

The ultimate bond and shear stresses for the panels
féiling due to bond slippage are computed by the previously
discussed formulas and tabulated below in Table S.lie Based
on this limited amount of data, the ultimate bond sﬁress
may be shown to vary with mortar compressive strength, other
factors being held constant, as shown in Fig. 5410

Based upon the observations of cracking in the plastice
range, it may be presumed that the 8 in. RBM walls tested
remain stable and safe when deflected as much as l/SOth of
the span length.

The results of this series show that RBM 1s success=-

ful in developing more strength and absorbing more energy
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than unreinforced brick members. These truths are emphati-
cally brought out by comparison of the moment-deflection
curves for the various specimen types.

The two panels tested dynamically sustained roughly
comparable damage under dynamic loads of 50 to 70% of the
static loads required to inflict the same damage on the
penels tested statically. Past testing indicates that a
dynamic load factor of 1.6 to 1.8 may be present under these
test conditions. If true, this would indicate that the
specimen is operating above its static yleld strength values,
and that in dynamic design the yield point of the steel and
perhaps also the compressive strength of the masonry should

be increased by a sultable factor as is done in reinforced

concrete design.

y Sh80

&

! P

2 v

£ w60 /7

& ”

g ,’ Note} Stahdard eformed steel
2 o :‘TM nforcement .
8 Ve

4 wo

»

5

1000 1400 1800
Mortar Compressive Strength

Figure 5.10 Mortar Compression Strength vs
Ultimate Bond Strength
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Because of the limited number of dynamic tests,
nothing further can be concluded. It seems logical to ex-
pect that RBM would behave in the plastic range much as
does reinforced concrete, but there has been no verifica-
tion., However, since most RBM walls will be under-rein-
forced, the steel properties will become the determining
factor; in the absence of more complete information it
seems that dynamic design as developed for reinforced con=-
crete could also be applied with reasonable accuracy to RBM.

£.5 CONCLUSIONS

Based on the limited number of transverse bending
tests on RBM panels and beams, it may be concluded that:

(a) The plastic moments for RBM members having type
A mortar (13) and steel ratios of 0.57% or less may be pre-
dicted with reasonable accuracy using the plastic theory
design method neglecting compression in the masonry and as-
suming the moment arm ¢ in the formula:

MPL = Asfy

be equal to d, the distance from the compression face of
the member to the steel centroid; RBM members 3 ft ln span
and consisting of type A mortar and having a thickness of
at least li inches and a steel ratio larger than 0,6% will
fail due to bond slippage or shear.,

(b) RBM members behave quite similarly to reinforced
concrete members under static load, particularly in regards

to: deflection, plastic action, ultimate load, bending

action, and bond.
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(¢) Ultimate bond stresses for RBM are presented in
Fig. 5.10.

(d) Deflections up to approximately 1/50th of the
span length for the span depth ratios and percentages of
steel tested may be sustained without danger of complete
collapse or instability.

(e) The addition of reinforcing steel to a brick
member increases its ability to absorb energy. The 6 ft by
9 ft panel absorbed approximately 36 times as much energy
as the similar panel, LS1l, which had no steel reinforcing.
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CHAPTER 6
REINFORCED GUNITED MASONRY WALLS

6.1  GENERAL

In order to increase the transverse bending strength
of existing brick masonry walls, it 1is necessary to provide
the walls with steel reinforcement to resist bending tensile
stresses, since plain masonry is relatively weak in tenslon.
One way to provide the existing walls with this tensilé
strength would be to place steel rods up against the tension
face of the wall and then to spray a layer of gunite to make
this steel reinforcing integral with the walle.

Gunite is a mixture of cemeﬁt, sand, and water, applled
under air pressure. Some of the advantages of gunite are
that it has a strength two or three times that of average
concrete, that it possesses a density that makes it a water=-
proofing medium, that it gives good protection to steel against
rﬁsting, and thet it resists the action of salt water, frost,
and to a large extent, alkalls and acids.

Tests on gunited reinforced brick panels and beams
were conducted in order to evaluate the effect of this re-
inforcing process on the transverse strength and behavior
of brick masonry walls panels.

6.2 DESCRIPTION OF TESTS

A total of 20 reinfofced gunited panels and beams
were tested. The specimens were laid up of waterstruck
brick in American bond using a 1:1:5 mortar. Each specimen

was cured dry at least seven days and then faced with a 1% in.
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layer of reinforced gunite. (see Fig. 6.1) All members

were reinforced with intermedlate grade standard deformed
steel bars as specified in ASTM specification A305, with

the exception of two walls in which two-way woven wire mesh
was used. In addition, one 12 ft. long hollow concrete block
beam was coated with reinforced gunite; concrete blocks des-
cribed in Seét. 7.1.1 were laid in 1:1:5 mortar.

The gunite used in preParing the specimens was a 1:l
mix (by volume) of portland cement and sand. Twenty-eight-
day tests ylelded compressive strengths averaging 4140 psi
and modull of rupture averaging 852 psi.

The method of placing the steel and applying the gunite
is described and illustrated in Appendix D. Note particularly
that no special method was used to bond the reinforced gunite
to the masonry. The exceptionally high adhesive strength of
the gunite made if poasible to rely entirely on the gunite-

Figure 6.1 Reinforced Gunited Brick Panels
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masonry bond.

The steel ratios of the beams and slabs were varied,
in an attempt to obtain different failure modes. (For a
detailed description of the beams and slabs tested, see
Table 6.1.)

Strain gauges were placed on some of the reinforcing
rods and on some of the compression mortar joints at midspan
in order to obtain actual tension and compression strains
dur ing the test. All specimens were cured wet for seven days
and then cured dry until testing, which took place 26 to 30
days after the guniting. All walls and beams ﬁere tested in
support condition (2), and all masonry members were tested
while supported in the strong direction.

Static tests on panels were conducted in the slab
machine under a uniformly distributed pressure load, and
beams were tested statically in a universal loading machine
under a third point loading.

Dynamic tests were conducted on panels in the slab
.ﬁachine by applying a uniformly distributed pressure load
impulsively with a full load buildup in 3 millisec. and &
load duration of approximately 10 secs.

The data recorded during the tests were the ultimate
load, mode of failure, midspan deflection, and strain read-
ings from SR-l; gauges on rods and mortar joints, when such
gauges were applied.

Four panels of solid reinforced gunite were fabricated

and tested statically. The description and results of these
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secondary tests are presented in Appendix D.
6.3 TEST RESULTS

Table 6.2 presents the ultimate loads and other static
test results obtained from testing the reinforced gunited
masonry panels and beams. The ultimate load in psi listed
for the specimens tested under third point loading is the
uniformly distributed load necessary to cause the same moment
at midspan as the ultimate third point loading. The ultimate
load is also represented in terms of ultimate moment at mid-
span in in.-kips/in. width of panel or beam. (Sample compu-
tations are presented in Appendix C)

Average curves of midspan transverse moment per unit
width vs midspan deflection for the 4 in. statically tested
reinforced gunited masonry slabs and for the 6 ft and 12 ft

reinforced gunited masonry beams are presented in Figs. 6.2

and 6.3,
=
g
= b
ot Watérstruek bri¢k, Am¢ricen
8 1tk génite,|Int. e
h’\ L-tion—
8‘ * ( )l P 0.k
g
I7
-
ﬂ /
e
2 [
EC
0 -
0 0.2 Oal‘ Oob o' 190 ‘

Midspan DefYection (in.) l
Figure 6.2 Bending Moment per Unit Width vs Midspan De-
flection Due to Uniform Load on 4 in. Reinforced
Masonry Wall with l%in. Coat of Gunite, Span
Length = 36 in.
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16.0 —— e
-6 ft
14.0
P
E 12.0
® Test |[Conditions:| Waterstruck brick, American
E_10.0 bond, 1:1:5 mortar, }:4 gunite, Int. grade
N stéel, s1tiong direction, spipport|condition
& 5 (2), p ={0.46%
A s P iy (
L0
§7 8.0
ik
o 6.0
g2
gv
g h.o /
2.0
0 1.0 2.0 3.0

Midspen Delfection (in.)
Figure 6.3 Bending Moment per Unit Width ves Midspan Deflection due to

Third Point Loading on 8 in. Reinforced Masonry Beams with
1 1/2 in. Gunite Coating.
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The basic types of failure indicated by the tests
are also tabulated in Table 6.2,

Panels RGS 1, 2, and 3 failed suddenly and completely
in bond slip along the reinforcing rods followed by shear
failure through the masonry. Failure occurred considerably
before the reinforcing rods developed their yield strength.
(See Fig. 6.l)

Panels MGS Lj-1 and 2, which were reinforced with wire
mesh, failed suddenly in rupture completely through both the
steel and brickwork. No tension cracking occurred in the
gunite prior to this failure. The modes of failure showed
general characteristics similar to failures observed in un-
reinforced brick panels. (See Fig. 6.5)

Beam 6RG-1l showed shear failure in the mortar joints
of the masonry near one end of the beam.

The hollow concrete block beam falled in shear across
thé webs of the blocks. (See Fig. 6.6) This occurred when
the reinforcing steel was stressed to considefably less than
its yield point.

All other reinforced gunited members falled in yield-
ing of the steel due to bending moment at midspan. As the
load was applied, cracks opened in the gunite which widened
and spread up into the masonry as the load increased and the
steel was strained. Steel strains increased as the member
yielded.

No separation between the masonry and the gunite layer

was observed until excessive plastic deflections were reached,
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The deflections at which this occurred varied from 1/32 to
1/L,0 of the span length for the 8 in. walls which failed
due to bending moment,.

A photograph illustrating a typical fallure is shown
in Fig. 6.7,

The results on three 38 in. square panels i in. thick
tested under dynamic loads in the slab machine are presented
below.

RGDl-1

tested at 22 psi - no damage

retested at 23 psi - slight cracking on tension

side no measurable permanent
deflection.
RGDL=2

tested at 22 psi - no damage

retested at 23 psi - slight cracking on tension

side no measurable permansnt
deflection.
) RGDl-3

tested at 25 psi - slight cracking on tension side

no measurable permanent deflec-

tion,.

6.y DISCUSSION OF RESULTS

The tests described above bring out the resemblance
of the behavior of reinforced gunited masonry panels to re-
inforced brick and reinforced concrete panels. This behavior
is particularly similar in the instances of under-reinforced
members which failed due to yleld to the tensile steel. This
material may well be considered a special type of reinforced

concrete construction.
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Figure 6.4} Panel RGS-1 After Fallure

Figure 6.5 Panel MGSh-1 After Fallure
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Figure 6.5 Reinforced Gunited Concrete
Block Beam After Fallure

Figure 6,7 Bending Moment Failure of Relnforced
Gunited Masonry Beam
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A pertinent question in reinforced gunited masonry,
as 1t was in reinforced masonry, is whether or not the prine
ciples applied in the design of reinforced concrete can be
applied to the design of reinforced gunited masonry construc-
tion. The wall panels considered in this section, subjected
to transverse loads, encountered the same three modes of
failuie as those included in Chapter 5, i.e., bond failure
along the reinforcing steel, shear fallure through the masonry,
and bending moment failure., Shear and bond fallure stresses
were calculated in a manner similar to the one described in
Chapter 5. The bending moment failure of the walls was re-
conciled by use of the plastic design theory (10)s As in the
preceeding chapter, substituting the observed values into the
plastic theory formula for the plastic moment indicated that
the resulting value for c, the moment arm, will be very close
to the value d, the distance from the compression face to the
centroid of the reinforcing steel. (See Fig. 6.8) Conse-
quently, the predicted plastic moment was computed by the

formula:

PL =d Asfy

Table 6.3 includes a tabulation of the moment arms c, obtained

M

by substituting the observed values into the plastic theory
design formula, and of the predicted ultimate moments, using
the formula shown above, for the reinforced gunited members
failing in bending moment; and a tabulation of the shear and

bond stresses at ultimate load for those members failing in

bond and shear,
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One of the reasons which may explain the deviations
in the computed results appearing in Table 6.3 is the diffi-
culty in knowing the actual value of d bescause of construc-
tion methods.

Panels RGS=1l, 2, and 3 which failed due to bond slip-
page along the reinforcing rods in the gunite, provide ulti-
mate values of bond stress to be expected under the existing
conditions. These values may be computed by the formula:

u =V /ojd |
as used before. The values, tabulated in Table 6.3, range
from 562 to 700 psi with an average value of 621 psi and a
probable error of s+ 28 psi.

The mode of failure encountered in panels reinforced
with wire mesh indicated that the panels were grossly under-
reinforced. Apparently the bending strength added by virtue
of the steel mesh was less than that of plain gunite layer.
" The failure of beam 6RG-1 in shear near the supports
is not consistent with the shear stress of 106 psi developed
at failure. This is considerably lower than shear stresses
successfully sustained in other testis. Apparently the fail-
ure was due to a poor batch of mortar lncapable of developing
consistent shear strength,

The tests serve to substantiate the bellef that no
extraordinary bending methods need to be used to attach the
gunite layer to the masonrye. Results showed that the ad-
hesive strength of the gunite mixture was sufficlent to cause
the two materials to act integrally until excessive plastic

deflections were reached., Therefore, the use of anchorages
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A’ = gteel cross-sectional
area.

P = steel ratio = As/bd

Cunite

Figure 6.8 Cross-Sectional View of Typical
Reinforced Gunited Masonry Section

TABLE 6.3
Test No.| Observed [ A ¢ JPred.Ult. | Sh.Stress|Bd. Stress
Pl. Mom. 8, (in.)hom.= at Ult., |at Ult. Ld.
(in./ft)| O Ld. (psi)
(in.-kips/| (psi)
£t)

RGS-1 207 05% O.lyy 274.0 700.0
RGS-2 166, 73 O.lyly 220.0 562.0
RGS=-3 180, 0% 0.l 238.0 600.8
RGsh-1 48.0 0.22 | 3.70 51.9
RGSl.-2 48.0 0.22 i.7o 51.9
RGS)-3 55.2 0,22 25| B1.9
MGslh -1 30,0% 0,052
MGSl -2 20,13 0.052
RGDl-1 Ll .5 0.22
RGDly-2 L9.2 0.22
RGDl~3 52.8 0.22
l6RG-1 213.5 oy | 8.20 106.0 271.0
6RrG-2 217.0 Oul |8.35 | 208.0
6RG-3 217.0 0.l 8.&5 208.0
12RG-1 193.0 Ouidy | 7.43 | 208.0
12RG-2 1 Z.o Oy | 7.20 | 208.0
12RGCo-1| B87.5% O.l1 3745

#This is an ultimats moment rather than a plastic moment in that
failure was sudden and complete,

#*%Computed assuming that only web area resisted shear,
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or set mortar Joints in unnecessary.

Observations on the under-reinforced specimens tested
in the plastic range showed that such reinforced gunited
masonry walls remain stable and integral when deflected as
much as 1/40 of the span length for 12 ft spans, and approx-
imately 1/250 of the span length for 6 ft spans.

It appears that the under-reinforced gunited masonry
panels are successful in developing more strength and absorb-
ing more energy than unreinforced brick members, Comparison
of moment vs deflection curves emphatically brings this out,

The single test on reinforced gunited concrete block
indicate that while the scheme is successful in strengthen-
ing the concrete block masonry, the web of the concrete block
does not provide enough area for shear strengths to develop
the potential bending strength of the reinforced gunite. By
using a smaller percentage of reinforcing steel, a balanced
désign could be evolved., Another possibility might be to
£ill the hollow portions of the concrete block panel with
grout, However, under the conditions tested, the scheme is
less successful on hollow concrete block panels than ordinary
solid brick masonry panels. |

The three panels tested dynamically cracked slightly
under dynamic loads of 23 to 25 psi. Identical panels under
static loads failed completely under loads between 2l to 29
psi. No absolute conclusions may be drawn from these results,.
The limited results do indicate that if the dynamic load fac-
tor is between 1.5 and 1.9 there is a substantial increase in

the yleld strength of the steel under dynamic rates of strain-
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ing. This 1s logical, considering the likeness of the
material to reinforced concrete, particularly since failure
was due to the steel ylelding. Of particular interest in
these dynamic tests was the observation that the gunite ad-
hesive bond to the masonry behaved no different than under
static loads.

Considering the nature of the material and the limited
test results, it seems logical to expect that under-reinforced
gunited masonry would behave in the plastic range as does
reinforced concrete, As in the case of RBM construction, it
would appear that the dynamic design principles developed
for reinforced concrete can also be applied to reinforced
gunited masonry.

A brief note should be made concerning the economics
of this reinforced gunited masonry construction. The cost
of gunite application is high, as much as 3 to 5 times that
for a same amount of concrete, Also, the guniting of pansl
interiors may be impractical or even impossible because of
the necessary disturbance with respect to occupancy or because
of the physica’ characteristics of the bullding.

No economic comparison can be made from this test pro-
gram because of the specialized form of the test speclimens.,
It may be stated, that although the scheme is highly success-
ful in physically strengthening exlisting masonry walls, 1t
1s conceivable that in many instances the scheme may not be

economlcally sound.
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6.5 CONCLUSIONS

Based on the limited number of transverse bending
tests on reinforced gunited masonry, it may be concluded
that:

(a) Reinforced gunite as used herein is physically
satisfactory in strengthening plain brick masonry panels
against transverse bending, where economically justified.

(b) The behavior of reinforced gunited masonry is
quite similar to reinforced concrete members, particularly
with respect to: deflection, plastic-acticn, ultimate load,
bending action, and bond.

(c) The plastic moments for reinforced gunited masonry
members having steel ratios cf 0.46% or less may be predic-
ted with reasonable accuracy using the plastic theory design
method neglecting compression in the masonry and assuming
the moment arm ¢ in the formula:

) Mo T e AL
is equal to d, the distance from the compression face of the
member to the steel centroid. .

(d) Ultimate bond stresses of 560 to 700 psi may be
developed using standard deformed bars in gunite developing
an average 28 day compressive strength of L140 psi.

(e) Deflections up to approximately 1/40 of the span
length may be sustained without complete collapse of sepa-
ration of the gunite-masonry bond, for steel ratios up to.
0.46%, and for depth-span ratios of 1/18. For similar steel
ratios and a depth ratio of 1/9, however, the deflection
which can be sustained without collapse decreases to 1/250

of the span length.
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CHAPTER 7
MISCELLANEOUS WALL PANELS

7.1 CONCRETE BLOCK PANELS

The following tests were conducted in order to evalu-
ate the strength and mode of failure of hollow concrete block
masonry walls under uniformly distributed transverse load.

Telsel Description of Tests

Six concrete block wall panels were tested stat-
ically in vhis series. All the panels were constructed of
standard 8" x 8" x 15" hollow concrete blocks, manufactured
locally. The average compressive strength of the block was
2910 psi based on net area, and the average absorption was
5,64 (both by A.S.T.M. standards)., The wall panels were Iy
courses (34") high, 37" wide, and 7 11/16™ thick (See Fig.
Tel)e

All wall panels in this series were laid in é
1:1:5 mortar mix, (cement, lime, sand, by volume), This mor-
tar, which provides an optimum cohesive mix, is standard
practice for concrete block masonry. Standard construction
methods were employed and good to excellent workmanship was
maintained.

All wall panels were tested tc destruction in
the slab testing machine, loaded with a uniformly-distributed
transverse load applied statically. All wall panels were
supported in the strong direction on a 36 in. span using
support condition (2).

Ultimate loads were recorded for all panels
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tested., The midspan deflection was recorded during the test,
and the behavior and mode of fallure noted for each wall.
7.1.2 Test Results

The mortar properties, the ultimate load, and
the modulus of rupture for each panel are tabulated in Table
7.1. The average ultimate modulus of rupture is 197.5 psi
with a probable error of ¢« 17 psi. The average curve of mid-
span moment per unit width vs midspan deflection for the
panels 1is presented in FPig. T.2.

Failure occurred entlrely through the mortar
joints; 1in no instance were any concrete block units ruptured
or damaged in any manner. Usually, fallure was initiated by
the opening of a tension crack in a masonry unit-mortar joint
near midspan. As deflection increased, these cracks opening
wider up to a point where the longitudinal and transverse
mortar joints cracked almost instantaneously, and complete

fajlure occurred.

TABLE 7.1
Pest Results on Concrete Block Wall Panels
Static Loadings
(36" span - strong direction)

Test NOs Mortar Ultimate |Midspan [Modulus
Avge Avge Load |Defl.at of
Flex.(psi) Comp.%psi)(DL incl)Ult. Ld. |[Rupture
(psi) (in.)# | {psi)sx

Co B=S-1 8.3 |0.01 137
Co B-S8-2 9.3 (0.0 149
Co B-S-3 286 1123 11.8 [0.029 19

Co B-S-l 275 1108 1.2 (0.030 23

Co B-5-5 191 825 10.4 10.025 172
Co B-S= 148 718 17.4 0.033 2977

wDeflection values are from the dead load position.
#%Based on gross area, For sample. computations, see Appendix C.
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Figure 7.1 Hollow Concrete Block Masonry Wall
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713 Discussion of Results

The results of the six tests show a large
variation from the average modulus of rupture. This is
probably due to the larger ratio of the size of a masonry
unit to the overall size of the wall panel. (This ratlo
was approximately three times that of the 36 in. square
brick walls tested.) The effect of the largeness of this
ratio 1s to increase the detrimental effect of an imperfect
joint, since the uninterrupted length of the joint is a rel-
atively large proportion of thé total wall height. It is
reasonable to expect that if concrete block wall panels with
a height of 1} courses (about 120 in.) were tested, results
of the consistency of those obtained for brick wall panels
would be achileved,

The average modulus of rupture of correspondlng
8 in. brick panels, tested under similar conditions, was 247
péi. For the six concrete block wall panels, the average
modulus of rupture of 198 psi is about 20% lower. This de-
crease is due to the combination of a number of inherent fac-
tors. It is sufficient to say that, generally, typical wall
panels of concrete block masonry are less resistant to trans-
verse loads than corresponding typical brick masonry panels,

Due to large variations in the static test re-
sults, a proposed program of dynamic tests on concrete block
wall panels was abandoned.

7.1.4 Conclusions
Based upon this limited Series of tests on con-

crete block wall panels, and on & comparison of the results
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with those from tests on brick wall panels, we may con-
clude the following facts regarding the behavior of con-
crete block wall panels in resisting transverse loads:

(é) The modulus of rupture, based on gross
sectional area, for bending falilure for typlcal concrete
block panels of 8" thickness ranges from 135 to 300 psi.
Test results gave an average modulus of rupture of 198 psi,
with a probable error of 17 psi.

(b) The ratio of masonry unit size to the
overall panel slze appreciably affects the consistency of
results obtained from a number of tests.

Ts2 PARTITION TILE PANELS

The following tests were conducted in order to eval-
uate the strength and mode of fallure of hollow partition
clay tile walls under uniformly distributed transverse load.

7201 Description of Tests
_ Six partition clay tile panels were tested
statically in this series. Five of the panels were plain
and one was faced with two 3/8 in. layers of plaster of

paris on the tension side,

All the panels were constructed of standard
8" x 12" x 12" hollow clay tile, manufactured locally. The
average compression strength of the tile, loaded on end,
was 5,130 psi, based on net area, and the average absorp-

tion was 9.26%.

The panels were all 37 in. square (3 courses

high); the plain panels were 8" thick; the plaster coated

- 107 -



panel was 8 3/4" thick. The mortar mix used was 1:13:l
(cement: lime: sand, by volume). The walls were tested
transversely in the slab loading machine on a 36" span,
supported in the strong direction in support condition (2).

Data recorded were ultimate load, mid-span
deflection, and mode of failure.

7.2.2 Test Results

The results of the static tests on the clay
partition tile walls are presgnted in Table 7.2 Since 1t
1s believed that wall number PTS-1 suffered some damage
prior to testing, the rosults of this test were not included
in the discussion and conclusions for partition tile walls.
TABLE 7.2

Test Results on Clay Partition Tile Walls

Wall ' Ult.Load Ulti- Remarks
No. Avg.| Avg. | psi lus of |mate
Flex. [Comps |(incl DL)|Rupture|Deflec-

: (psi) |(psi) (psi)#|tion (in. ¥

PTS-1 1.33 20.2 0,012 Believed
to have
been dam-
aged prior
to test

PTS-2 | 190 | 1000 3.145 gﬁ.u 0.027

PTS= 2.93 .5 0.035

PTS- 225 11270 2.95 I8 0.035

PTS—S 2058 39.2 00055 2_3/8" plas_
ter of paris

PTP=-S1 5.58 71.0 0.025 courses on
tension face

#Based on gross area. For sample computations, see Appendix C.

st Deflection values are from the dead load position.
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Faillure occurred entirely through the mortar
joints. Usually failure was initiated by the opening of
a tension crack in the mortar joint near midspan. As the
deflection increased, the cracks opened up wider to a point
where all the mortar joints rﬁptured almost instantaneously
and complete failure occurred. An average curve of mldspan
bending moment per unit width vs midspan deflection of the
clay partition tile walls 1is presented in Fig. 7.3.

7.2.3 Discussion of Results

Failure of the walls was apparently due to
rupture in bending moment. The average modulus of rupture
of the plain 8" clay partition tile walls was 5.2 psi
based on gross area, with a probable error of * 1.9 psi.

7.2eli Conclusions

On the basis of a limited number of tests on
clay partition tile walls, it may be concluded that:
. (a) The modulus of rupture of plain 8 in.

walls is L5 psi with a probable error of ¢ 2 psi.
(b) Adding a coat of plaster of parls on the

tension face of the slab increases its strength appreciably.

7.3 ASBESTOS-CEMENT BOARD

The report of August 1952 covered tests on asbestos-
cement board panels with unrestrained ends only. In actual
construction, typical attachments tend to restrain the ends
of asbestos-cement walls. The purpose of this section,
| therefore, is to evaluate the effect of restrained ends on

the transverse strength of asbestos-cement panels.
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Figure 7.3 Transverse Bending Moment per Unit Width vs Midspan
Deflection due to Uniform Load on 8 in. Partition

Clay Tile Wall of Span Length = 36 in.
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7.3.1 Description of Tests

A series of four tests were conducted on
corrugated asbestos-cement board panels., The corrugated
asbestos-cement board used in the tests was supplied by
the Johns-Manville Company under the trade name of Transite,
and is described in detail in Chapter 5 of the August 1952

report.

A1l of the tests were conducted on the Transite
sheets placed in a horizontal position in the slab loading
machine with uniformly distributed pressure applied stati-
cally. The sheets were supported on a span length of 32
in., with the supports running at right angles to the cor-
rugations. Two of the tests were conducted on sheets which
were simply supported on 6 in., 10.5 1b/ft channels providing
a 2 in. wide flange for each support, which corresponds
closely to the dimensions of the supporting girts that might
be encountered in actual construction. The remaining two |
tests were conducted on Transite sheets restrained on the
above-mentioned channels by means of nI" clips and % ine
lead head bolts through 9/32 in. holes. Three such fasteners
were used on each supported end, spaced 84" 0,C. The method
of restraint is standard construction procedure, and 1s
aescribed in detail in a Johns-Manville Company publication
entitled "Corrugated and Flat Transite".

7.3.2 Test Results

Table 7.3 presents the ultimate loads and de-

flections resulting from the tests on the asbestos-cement
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sheets.

Failure was sudden in all cases and occurred
in a line approximately at midspan and running parallel
to the supports. The tests conducted on Transite sheets
with restrained ends also resulted in some fallure cracks
near the supportse.

7.3.3 Discussion of Results

The results show that restraining the ends of
corrugated Transite sheets by means of standard fastening
procedures will increase their strength by only a small
amount. It is expected that using a smaller fastener
spaciﬁg would increase the end restraint, and thus result
in a slightly larger increase in strength.

TABLE 7.3
Results of Tests on Corrugated Asbestos-Cement Board

(Span Length = 32 in.)

*

Test Width|Support Ultimate Load| Midspan Defl. at
No. (in.) |condition# psi (incl DL)|Ult. Load (in.)
TR-1-A 3L R 3ot 0.150
TR-1-B 3l U 249 0.230
TR-2-4 29% R 3.7 0.095
TR-2-B 29% U 3.5 0.245

#R = restrained
U = unrestrained

7.3.4 Conclusions
On the basis of a limited number of tests on

asbestos-cement panels, it may be concluded that the
strength of corrugated board is increased only slightly

by restraining the ends by means of standard fastening
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procedures.

7.4  METAL SIDING

The report of August 1952 included results of tests
on simply-supported panels consisting of various types of
metal- siding. In order to have the test conditions cor-
respond more closely to actual conditions encountered .in
construction, the tests included in this section were con-
ducted on restrained end metal siding panels,

Teliel Description of Tests

Three tests were conducted on 18 gauge Gal-
bestos V-beam sheet panels measuring 38 in. by 30 in. This
type of metal siding is fully described 1n Chapter 6 of the
first report. The panels, placed in the slab testing
machine with the corrugations running at right angles to
the supports, were tested by applying uniformly distributed
static loads on a span length of 36 in. The ends were
.fastened to 6 in. 10.5 1b/ft channels using standard steel
I-1 drive screws with staggered threads. As recommended
by the Robertson Company, three screws per end, spaced
11 ine. 0.C., were driven into 3/16 in. diameter holes.

Data recorded were ultimate load, mode of failure, and de-
flection at failure.
7.4.2 Test Results

Table 7.l presents the ultimate loads and
midspan deflections obtained when the panels were loaded

to total fallure.

When the load was applied, panels MS-1 and

#S-3 underwent local buckling of the corrugations in a line
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approximately at mi“span and parallel to the supports at
loads of 8 psi, while panel liS-2 experienced buckling at
a load of 7 psi.
TABLE Tl
Test Results on 18 Gauge Galbestos V-Beam Panels

(Restrained ends on 36 in. span length)

T — 1 p
Test |[Buckling|Ultimate| iidspan Deflection| Remarks
Hoe. Load Load at Ultimate Load
(psi) (psi) (in.)
mS1 8 18 9
ns2 7 15 7 3/4 Reloaded
MS3 8 15 8

Complete failure occurred as follows:
Specimen MS-1 pulled away from the support at one edge
due to two drive screw heads shearing off and the tearing
away of the sheet from the remalning drive screw. Specimen
iS-2 failed as the edge tore away from two of the drive
screws and specimen liS-3 falled due to one end tearing away

from all three drive screws restraining that end.

7.4e3 Discussion of Results

The test results indicate that metal siding
ranels secured at the ends by fasteners used in standard
construction procedure will fail, when loaded transversely,
due to tension causing either shear failure in the fasten-
ing device or tearing of the fastened panel edge. For 18
gauge Galbestos V-beam panels, with standard fastened ends

and on & span of 36 in., the ultimate load ranged from 15
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psi to 18 psi. The test results of the V-beam panels
with fastened ends show that local buckling occurred
in these panels at a load value very close to the ulti-
mate load for similar panels which were simply supported
(1)e It is obvious from the results of the tests on 18
gauge Galbestos V-beam panels that restraining the ends
has a large effect on the panel's resistance to transverse
loadinge.

A curve of span length vs load to cause
buckling for 18 gauge Galbestos V-beam walls having re-
strained ends is presented in Fig. Tol4e (Computations

used to obtain the curve are presented in Appendix Coly)

7.4di Conclusions

Based on & limited number of tests on metal
siding panels, it may be concluded that:

. (a) Restraining the ends of metal siding
panels by fasteners used in standard fastening procedure
greatly increases the panel's resistance to transverse
loadinge

(b) Eighteen gauge Galbestos V-beam panels
having restrained ends on a span length of 36 in. fail,
when tested under a uniformly distributed static load,
by rupture of the material itself and/or shear faillure

of the fastening screws at one end of the panel,
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(¢) A curve of load to cause buckling vs
span length for 18 gauge Galbestos V-beam panels attached

to girts by vonventional means is presented in Fig. Tolpo
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APPENDIX B
SECONDARY TEST DATA

B.1 BRICK

(a) Rupture Tests were made on random sample bricks
from each lot used. The tensile strength in bending (modu-
lus of rupture) tests were made in the conventional menner
according to the ASTM specificatlion C 67-44. nodulus of
rupture values obtained are tabulated below (only water-

struck brick were tested):

Lot 1 Lot 2 Lot 3
1955 psi lués psi 990 psi
1900 1376 732
1358 1500 85l
1367 1381 1349
1590 1@21 1283
1319 1630 1,21
129l 1698 1170
1173 1658 1475

(b) Compression tests were made on random sample
pricks from each lot used. The compressive strength tests
were made in the conventional manner according to the ASTM
specification C 67-lli. Compression strength values obtained

are tabulated below:

Lot 1 Lot 2 Lot 3
10700 psi 9450 psi 210 psi
12600 10280 6

7zoo 9080 %

5680 12280
13230 10100 83&0
9100 12010 9350
Zgoo 11230 10160

7 10870 7600

B.2  uWORTAR

Mortar samples were taken and tested according to

- 120 -



ASTM specification C-91, from most test walls. The tven-
sile strength in bending (modulus of rupture), comprsssive
strength, and modulus of elasticity for mortars correspond-

ing to various walls are given below:

Veall inod. Rupe Comp. Stre. ilods Elase
(psi) (psi) (psi)

3S1 123
148

352 1
14

6s1 89 0
iﬁz 20

6s2 7 635
138 570
153 2&0

70

6s3 250 1250
230 1003
215 1290
220 995

6sly 235 100
220 950
145 930
140

1251 256 1017
28l 805
262 475
298 y(n!
307 8Lio
253 820

12582 302 1290
287 1205
251 125
2L7 1338
253 980
215 770

1253 282 97k
316 350
282 12 g
33 12
238 850
238 798

LS1 306 1157
3 9§8
S4n 1903

00

224 642
207 837
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Wall Mod. Hup. Compe Stre. lod. Elas.

(psi) (psi) (psi)
LSl 21 549
210 20
211 50
2 7173
138 759
2L8 821
3-1 21l 975
188 1000
218 1170
188 1170
3-2 227 1050
267 1050
3-3 211 1050
218 1050
3-l 149 8L0
207 870
2-5 12l 22
152 10
126 713
18
6-1 19 885
21l 821
6-2 11 6l7
. 210 527
6- 11
- A
12 83l
130 275
6-5 122 29
130 Z 1
130 1l
130 653
6-6 300 1025
268 1060
193 613
238 7%0
8-1 1&1 Z 5
173 065
18l 650
162 565
221 595
115 600
120
8-2 239 626
163 829
190 860
196 1139
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Wall

12-1

12-2

12-3

BS=-2

BS-T

hMod. Rup. Comp. Str.
sl (psi)
274 1272
250 1050
291
2li8
207 785
227 788
260 1100
21l 59
219 61
210 893
213 920
19; 1004
11 297
176 1470
382
91
207 835
230 635
2l2 725
2
9
259 525
153 820
15 850
100 820
111 750
111 90
111 70
115 10
100 570
138 910
850
1050
1060
200 350
227 625
207 510
18 538
18 glio
18 390
19 623
200 630
27 1110
30 1235
31; 1180
2 1210
1%8 68
192 92
128 470
190 L43

Mmod. ulas.
(psi)
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Wall Mod. Rupe. Comp. Str. mod. Elas,.

(psi) (psi) (psi)
AS-1 390 250
90 2l;00
70 2050
0 2100
AS-2 360 2000
370 2000
70 1900
00 1800
AS-3 458 1220
37 1690
iug 1130
30 1,85
AD-1 520 1680
5%& 2080
ah 1620
3 1200
AD=2 Lo7 1920
353 1890
300 1850
352 1730
AD-3 70 1910
15 280
1100 1 ZO
75 1740
AD-4 75 1740
382 2340
360 2310
2310
AD-5 396 2020
Lol 1900
L33 1030
1100 1585
AD-6 505
515 2600
66 2850
90 3000
3100
RS-1 192 8L0
101 770
207 1090
1290
RS-2 256 1040
13 9137
25 585
213 730
RS-3 473 2195 1.4 x 109
21 22010 1.1 x 10
130 1615 1.7 x 109
h97 1980 1.3 x 10
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EL4S-1

RlS-2

RlyS-3

Rl S-L

RLD-1

6R-3

8r-1
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1‘4‘10('1. Rupo Compd Stro :M.Odo Elas.

(psi) (psi) (psi)

198 2030

L5 2060

51 22%0

505 1965

552 1970

513 2040

582 1880

522 2880

sL7 1862

382 1170

312 1870
00 1090

&18 8l.2

458 goo

361 Z3

37k 12

322 91

309 1560

100 1082

173 1560 6
20 1680 1.13 x 10y
8l 1416 0.85 x 107
19 80 Oultl x 10¢

285 1680 1.2 x 10
399 2250

390 2180

395 2150

375 2100 6

slib6 2100 1.;8 x 10g

572 2115 1.l12 x 10;
06 14,50 1.21 x 109

510 71 1,26 x 10
33 1720

362 1560

377 1520 6

L7 187 l.h2 x 107

51 1198 1.36 x 10

500 1680 2.12 x 10
82

ﬁ 2 15 1.22 x 102

uﬁz 1855 1,62 x 10

{20 1898 1.41 x 108

L65 1317 1,22 x 10

280 1690

31 1685

52 2120

525 2170



Wall

12R-1

12R-2

L3-2

RGS-1

RGS-2

RGS-3

RGSl-1

RGSk-2

RGSlL=~3

Mmod. Rupe.
(psi)

528
Sl
531
60

Compe. Str.
(psi)

Elas,
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2100
2280
3210
3250
29,0
2725
1770
1830
1910
2310
2170
1720
2270
1990
1820
1450
2010
2300
2080
2125
1910
18440
1860
1890
1445
1125
1120
1520
1416

HEED D
—~ OO N~ D
O MO0 GO
MMM MMM

MMM

leXo¥oXo!
~—— O
=W
oMM

6
10
106
106
106

10



Wall

MGSl -1

masl -2

RGDly-1

RGDlY~2
RGDl~3

6RG-1

6RG=-2

6RG=3

12RG-1

12RG-2

12RG=-3

CoBS=3

liod. Rup.

(psi)

22
233
227
239
224
207
304

1o

201
216
212

1
il
217
253

27
ol

Comp. Str.
(psi)

Mod. Elas.
(psi)

2
0
1295
1200
1230

oF
705

2
215
617

1118
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Wall Mod. Rup. Comp. Str. Mod. Elas.
(psi) (psi) (psi)

CoBS-l 276 1090
258 1070
276 1133
290 11,0
CoBS-5 190 705
170 821
205 879
196 895
CoBS-6 155 718
156 870
1 582
139 702

PTS-2 190 9
1062
PTS-l 259 1273
251 1262
Pier 1 382
340
575
Pier 2 ZMS

4

Pier 3 ggg

82
Pier It 3?5

Pier 5 i25

Pier 6 05

Pler 7 49

Pier 8 716
Pier ¢ 315
Pier 10 21410
Pier 11 2240
Pier 12 1560
®1 %25 1?%%

5B

- 128 -



Wall Mode. Rup., Comp. Str. Mod. Elas.

(psi) {psi) (psi)
S 233 1032
2 287 1090
230 89%
222 9
Ty 25¢ 845
2 913
33
31
T, 2Ls 9
195 97
259 912
222 938

B.3 BRICK~JiORTAR BOND

Brick-mortar bond tests were made on random brick
samples laid up with mortar. (See Section 1.1.2 of the
August 1952 report) The tensile strength in bending
(modulus of rupture) and the failure load (P) for the shear
test divided by the mortar area (A) are tabulated below,.
(Note that the stress P/A can be resolved to pure shear by
use of liohr's Circle). 1:1:5 mortar (by volume) of Portland

.

cement, lime, and sand was used.

liodulus of Rupture p/A
Lot 1. 101 psi 72 psi
91 52
109 100
101 Z
10l é
85 8
122 78
130 9
96 2
85 8
96 L
90 7
Lot 2. 162 psi 106 psi
109 130
112 87
106 105
110 121
149 95
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Modulus of Rupture PZA

1?5 psi 13? psi
g W
9 176

86

SR-l; strain gauges were applied to the mortar joint
of some specimens of Lot 2 tested for brick-mortar bond
strength, Readings obtained from the gauges during testing
were used to obtain an average curve of strain vs bending
stress, as shown in Fig. B.1l.

B.li  MISCELLANEOUS

(a) The yieldﬁgi;engths of random samples of rein=-
forcing bars used in the reinforced masonry and reinforced
gunited masonry specimens were obtalined by tension tests
conducted in the manner prescribed by ASTM specifications
E8-46 and Al5. All bars used were of intermediate grade
billet steel having standard high-bond deformations and con-
forming to ASTM specifications Al5 and A305. The results

of the tension tests for yield strength are tabulated below:

Lot 1 Lot 2
50,500 psi 59,100 psi
51,000 8,100
51,000 0,100

(b) Compression tests were made onr random samples
of hollow concrete block. Tests were made in the conven-
ticnal manner according to ASTM specification C140-39.
Compressive strengths in psi obtained from the tests aré

tabulated below (values are based on net area):
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120 4
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3,220 psi

2,670

3,000

2,760

(c) Compression tests were made on random samples

of hollow clay partition tile block. Tests were made in
the usual fashion according to ASTM specification C112-36,
Ccmpressive strengths, in psi, based on net area, are tab-
ulated below:

4,420 psi

8,360

2,li50
5%

(d) Gunite samples were taken and tested for tensile
strength in bending (modulus of rupture) and compressive
strength. The modulus of rupture was obtained by testing,
in flexure, gunite beams 2%"x 2%"x 10" on a span length of
8 inches. The compressive strength was obtained by testing,
under a compressive load, capped~cylinders of gunite 6" x 12"

highe Results of the tests are given below:

iiodulus of Rupture ) Compressive Strength

83? psi 2890 psi
000
¥ 805 Euéo
790 3110
g7§ 5320
00
Bgo ﬁ 60
812 50

B.5 BRICK MASONRY COMPRESSION PIERS
In order to obtain a value for masonry compression
strength, a number of brick piers, consisting of several

brick and mortar joints were constructed as recommended by

previous investigators (7) (see Figs B.2)s. The piers were
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Figure B,2 Brick Masonry Compression Piers
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capped with plaster at the ends and tested to failure under
a compressive load in a Southwark-Emery hydraulic testing
machine. By using Ames deflection gauges, deflection
readings of the plers were taken during the testing operation.
These readings were used to obtain strain values which were
average values over the entire pier height. SR-li strain
gauges were applied to the midheight mortar joints of some
of the plers, and were used to obtain the strains of the
mortar joints as the load was applied. Average curves of
both types of strains mentioned above vs applied stress for
two types of piers are presented in Figs. B.3 and Belje

The values tabulated below are the ultimate compres-
sive stresses of the plers:

(a) Piers consisting of medium-burned waterstruck
brick and 1:1:5 mortar (by volume) of Portland cement, lime,

and sand. Pier dimensions were 7i" x 7" x 25" high,

Lot 1 Lot 2
2380 psi 2800 psi
2230 3800

2l 30 " 2860
2120

290

1970

(b) Piers consisting of medium-burned waterstruck
brick and 1:%:3 mortar (by volume) of Portland cement, lime,
and sand., Pier dimensions were 7 5/8" x 7 1/8" x 24" high.

230 psi

050
3580

The mode of failure of the brick plers was as follows:
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d Waterstiruck ck

. readings avarage
tijre pief height.

o
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Stress (pei)
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Pigure B3 Average Curve of Stress vs Strain of Brick
Masonry Piers under Compression Load.
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Figure B8 Average Curves of Stress vs Strein of Brick
Masonry Piers Under Compressive Load
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As the compressive load approached its ultimate
value, pleces of brick broke off the piers, and cracks
appeared in the vertical brick masonry joints. Splintering
of the brick and vertical cracking increased as the loading
continued, until some of the vertical brick courses separated
from the pier and buckled out at the ultimate load. Failure
was sudden and complete, with cracks appearing in most
vertical brick-mortar joints, and with compression failure

evident in many of the horizontal joints in the pier.
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APPENDIX C
SAMPLE COMPUTATIONS

C.l UNIFORMLY-DISTRIBUTED ULTIMATE LOAD

The uniformly-distributed load which will cause the
same midspan moment as the ultimate third point loading may
be computed as follows (computations shown apply to beam 6sly)
Data: Span length = L = 72 in.
18 in.

Width of beam
P = 3,3 kips (live load only)

)

Ultimate load
P P/2

4
P/;,t 2 B L 1/3 "}P p

Figure C.1 Third Point Loading

.

Failure moment (see Fig. C.1) = (P/2)(L/3)= (3.3/2)2} = }9-6
Failure moment per unit width = 39.6/18 =2.2 in.-kips/infn’-kips
Equivalent uniformly-distributed load to cause failure

moment = w = 811/L2

)
= 82:2) (1000) = 3.} pst

(72)
Dead weight = Q;é_gﬁi (found experimentally)

Uniformly-distributed ultimate load = L.0 psi
C.2 MODULUS OF RUPTURE

The modulus of rupture as used in this report is

actually a modulus of rupture in bending. It is a fictitious
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stress useful in comparing the ultimate bending strengths
of members of varying sizes and materials. The magnitude

of this stress is obtained from the fundamental formula:
M

8§ = ==

Z

where, s = stress
M = bending moment
Z = section modulus

If i is the ultimate bending moment sustained by ?he member,
then s is the modulus of rupture in bending. The value of
s is not a true stress because the equation is valid only
when stresses do not exceed the proportional limit; however,
it serves as a convenient measure of the bending strengths
of members.
Determination of the modulus of rupture under static
test conditions is illustrated below for beam 3S1l.
Data: Span length = L = 36 in.
Thickness = t = § in.
Ultimate load = w ® 15.1 psi (inel DL)

2 2
Ultimate bending moment = M = E%- = lﬁﬁééiéﬂ__

= 250 in.~-1bs/in.

Section modulus = Z = t2/6 = 82/6 = 10.65 in.2

Modulus of rupture = s = MR = M/Z = 24,50/10.65
= 230 psi

Under dynamic loads the modulus of rupture is calcu~-
lated as above, based on the ultimate bending moment sus-

tained by the section, and then multiplied by the dynamic

load factor acting.
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Determination of the modulus of rupture under dynamic
test conditions is illustrated below for panel Dl.
Data: Span length = L = 36 in.
Thickness = t = 8 in.
Ultimate load = w = 10% psi (incl DL)
Dynamic Load Factor = 1.6 (determined experimentally)
M = wL2/8 = 10.5(36)2/8
1700 in.-1lbs/in.
Section modulus = Z = £2/6 = 82/6 = 10.65 in.2
Modulus of rupture = s = MR = 1.6(i/Z) =

1.6g1gooz = 260
lo. psi

C.3 DEAD AND LIVE LOAD BEARING ON WALL SLAB OF TYPICAL

Ultimate bending moment

MASONRY BUILDING

A. One-Story Building

The following computations were made in order to
£ind the meximum dead and live load that bears upon & sec-
tion of 8 in. masonry wall in a typical one-story building.

(See Fige. C.2)

30
3
Plan
-
i )<
ZVZNNNRWZ§§§7,

Blevation

Figure C.2 One=-Story Wall Bearing Building
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1. Roof Load:
Dead Load: 10 lbs/ft°

Snow Load: 30 lbs/ft2
L0 1bs/ft<

Total Load = 20(30)40 = 24,000 1lbs
21.000/100
2,0 1lbs/ft

Load per ft of bearing wall

2., Wall Load:

Dead Load = 81 lbs/ft® (for 8 in.

Height above section considered
Load per ft of section = 81(13)

motal load per ft of section =

B .Two-Stonx Building

30!
el e

20!

Plan

30!

ZT7ANNNT7ANNY7ANNNN 77NN
Elevation
Figure C.3 Two-Story Wall Bearing Bulldlng
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wall)
13 ft
1.052 1lbs/ft

1052 + 240 =

1292/1bs/ft



l. Roof Load:
Same as in A 20 1lbs/ft

2. Inter-floor Load:
Dead load (5" thick at 12.5 1lbs/ft%/in. of
thickness)
= 12.5(5)20(30) = 37,5000 lbs

Dead load per ft of bearing walls }%6399

375 1lbs/ft
300 lbs/ft?

Live load

Total live load = 300(30)20 = 180,000 lbs

Live load per ft of bearing wall = 1?8800 =

1800 1lbs/ft

3. Wall Load:
Lead load = 81 lbs/ft2
Height above section considered = 27 ft

wall load per ft of section = 27(81)= 2,185
1bs/ft

Total load per ft of section = 240 + 375 +
1600 + 2185

= 44,600 lbs/ft

C.ly  RELATIONSHIP OF LOAD VS SPAN LENGTH FOR 18 GAUGE GAL-

BESTOS V-BEAM PANELS

A, Buckling Load

Assuming that buckling of the corrugations will
occur in corrugated metal siding panels at some critical
stress which is a function of corrugation pitch and depth
and may be found experimentally, and that this stress cor-
responds to a critical moment for any one particular type

siding, we may find the relationship between span length
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and theoretical buckling load as follows:
M = critical midspan moment at which buckling
occurs for a specific metal siding.
= uniformly distributed load at which buckling
occurs.
L = span length.
M, = Clwa2
w,= (1/0,) (i, /L?)
Therefore,
W, = 02/12 ; since M is constant.
The curve shown in Fig. 7.l was obtained from thils

relationship.
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APPENDIX D

MISCELLANEOUS

D.1  ANALYSIS OF SLAB FAILURE

Included in the August 1952 report on pages 18-21 1is
an analysis of the theoretical strength of a brick wall
loaded transversely which assumed that: (a) the brick is
sufficiently strong so that all failures will occur through
the brick-mortar joints at midspan, and (b) that the fail-
ure consists of transverse rupture at the jolnt in each
course, and torsional shear fallure on the face of one-half
of two bricks between each course; that these two effects
occur simultaneously and that the addition of the two
effects résults in the uniform static strength of the wall.
Carrying out the analysis based on the assumptions mentioned
above, and known strength properties of mortar-bond in rup-
.ture and shear, resulted in = value of 9,1 psi for the uni-
formly distributed load attributable to pure torsional
shear, and in a value of 6.3 psi for the uniformly distri-
buted load attributable to rupture in the transverse mortar
joints. Adding these two values resulted in a total uni-
form static strength of 15.4 psi, which seemed to correspond
closely to the observed uniform failure load of the wall
slabs.,

Four slabs were built in order to check the assump-
tions upon which the analysis in the preceding paragraph
was based. These slabs were standard 36 in. span walls 2

wythes (8 in.) thick of American bond, 1aid in 1l:1:5 mortar.
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In 2 slabs, all the vertical (rupturs) joints at midspan
were omitted in order to isolate the effect of torsional
shear between courses during failure. The remaining two
slabs were constructed with all the horizontal joints at
midspan omitted in order to isolate the effects of pure
rupture between courses during failure. These slabs were
statically tested with a uniformly-distributed load. Re=
sults of these tests are tabulated in Table D.l. The test
results of the four slabs, presented in this table, show
that the uniformly-distributed load required to cause only
torsional shear failure averaged 1,0 psi, and that the
uniformly-distributed load to cause only rupture failure
in the transverse joints averaged 8.1 psi.

As a result, it may be concluded that: (a) the
effects of shear and rupture are not additive, as theilr
maximum values are not attained simultaneously, and (b) the
two effects, especlally that of shear, are larger than pre-
dicted. On the basis of these conclusions, the analysls
presented in the August 1952 report is not correct.

D.2 END ROTATION OF FIXED-END BEAMS

Twc Ames Dial deflection gauges were placed at each
end of the beams tested in support condition (3), one near
the top face and the other near the bottom face aof the beam.
(See Fig. D.1l) Deflection readings were taken as the trans-
verse static third-point loading was applied. The rotation
of the beam ends waé then obtained by adding the deflection

shown by the top and bottom dials, and dividing this value

T



by the distance between the gauges, which was 8 in.

TABLE D.l
Test |Description |Sup-|Loading| liortar Avg Ultimate [Computed
No. port — Load Modulus
f‘lex. Compo (pSi) of
(psi) (psili(incl’ DL)Ruptures
(psi)
Sl |3'square, 8"| (2)|Uniform| 170 900 | 15.2 231
thick slab. Static
Vertical (rup-
ture) joints
omitted at
midspan.
S2 |Same as S1 (2) |Uniform | 240 990 |12.9 196
Static
T1 |3'square, 8" | (2) |Uniform | 287 879 762 109
thick slab. Static
A1)l horizon-
tal joints
omitted at
midspane
T2 |[same as Tl (2) [Uniform | 230 7Ll 9.0 137
Static

#For sample computations, see Appendix C.

Curves of end rotation vs applied midspan moment per

unit width are presented in Fig. D.2.
D.3 SCHEME FOR ACHIEVING SUPERIMPOSED DEAD WEIGHT IN 3

FOOT SQUARE PANELS

In order to apply load on a panel which would success-
fully approximate the effect of dead weight bearing on the
wall of an actual Structure, the following requirements
must be met in the laboratory:

(a) Equal and opposite pressures along the top and
bottom of the wall (in a standing position) must be provided.

1. The pressure must be uniformly distributed
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plaster ,
top @sflection

N\\:\\\\\\\\ bo:j: deflection
NI -

1
) i

Figure D.1 Scheme Used to Obtain End Rotation Values
of Fixed End Beam Under Transverse Static
Loading

«gq——r——— Beam 6-5
/é-Bdam
12.0

P4 Leus 3 /

Moment per Unit Width (10° in.-lb/in.)

L0

pd

0

0000 ST .010 .0 0
Rotstion (rad.)

Figure D=2 End Rotation of Fixed=End Beams Under Third Point
Loading vs Applied Unit Moment
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in two directions (width and thickness).
2. The pressure must be controllable and

measurable.

3. The pressure must remain constant as the
wall is tested to failure.

(b) The method of accomplishing the above listed ob-
jectives must not interfere with the testing of the wall
panel, that is:

1. Normal deflection of the wall must not be
restrained,

2., The method must not effect the magnitude or
distribution of the transverse bending load on the wall,

3, The method must not interfere with normal

end support conditions,

The method used to obtain the desired results
was as follows:

(a) High strength rods of 0.20 in, diameter
with ends threaded were lubricated with grease and covered
with + in. soda straws.

(b) The rods were supported in a vertical plane
in a jig with horizontal spacing equal to one brick width
(including the joint).

(¢) The wall was laid up with one wythe of
brick on each side of the plane of rods; the bricks for the
two header courses occurring in the 3 ft wall were placed

in the horizontal spaces between the rods.

(d) The wall was cured as usual, with the rods
in the wall,
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(e) After curing, a I in. plate with a hole
at its center was placed over each rod and plastered to
the wall to insure even besring. These plates were designed
to provide sufficient clearance between each other so as to
prevent restraint of the wall during deflection.

(f) One end of each rod was provided with a
load measuring plug made by mounting a bridge of SR-l} strain
gauges on & in. tubing one inch long (see Fig. D.3). Each
plug was calibrated in an Olsen mechanical testing machine;
loads were measured by achieving balance on a type K strain
indicator, reading the strain corresponding to a particular
load for each plug.

.(g) Finally, each plug end was capped with a
suitable washer and each rod end was provided with a nut,.

(nh) The rods were stressed by tightening the
.nuts at the ends while reading the force by means of the
load measuring plugs and the strain indicator.

(1) After the rods were stressed to the proper
value and checked, the wall was placed in the slab machlne
and tested in the conventional manner,.

Figure D.l presents two views of the wall at
various stages in the process described above.

Doy METHOD OF LAYING UP RBM SPECIMENS

Preliminary preparations consisted of the following:
(a) Where designs required, reinforcing rods were

bent by conventional methods.

(b) SR-ly strain gauges were mounted on particular
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Showing SR-4 Strain Gauge Attached

(b) Showing Washers

(Figure D.3 Load lieasuring Plug
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(a) Showing Stages of Preparation

(b) Stressing the Rods

Figure D.lj Wall for Superimposed Load Test
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rods using ordinary methods. A-3 gauges were used in all
instances. The mounted gauges were wired and waterprocofed
by a 1/8 in. coating of cerese wax.

Laying of brick in courses generally was done in the
usual manner, course by course. A bed of mortar was laild
the length of “he specimen on a completed course which
would receive a reinforcing rod in the next joint. The re-
inforcing rod was set in this mortar bed and pressed in
firmly by hand taking particular caré to achieve the specil-
fied d. (See Fig. D.5) The rod was cavered with a thin
layer of mortar. The next course of brick was laid dipectly
and gently tapped down to the desired mortar joint thickness.
Interior mortar joints were filled in the usual manner and
the course completed., The operétion was repeated as speci-

fied,
Q.5 METHOD OF FABRICATION OF REINFORCED GUNITE SPECIMENS

The unreinforced panels were prepared in the usual
manner and cured dry for at least seven days. They were
placed vertically ready to receive the reinforcing steel.

The reinforcing rods were laid out on the ground,
spaced as required and tied to form a stable grid. The
grid was then laid up against the brick wall and held
securely at the desired distance from the wall face by
wiring to nails or "drive-it" pins set in the mortar joints.
Whers steel wire mesh was used, it was attached in a similar

manner.

The four edges of each specimen were provided with
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Figure D.5 RBM Beam Under Construction Showing Reinforcing
Rod
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provided with screed boards placéd to achieve the desired
thickness of gunite. Figs. D.6 and D.7 show specimens at
this stage ready for the gunite application.

Before application of the gunite mix, the specimens
were sprayed with a sand and water blast applied by the
guniting apparatus. This sand blast cleaned and removed
loose particles in order to help achleve a good masonry-
gunite bond. The gunite was applied and screeded to the
desired thickness by the contractor. The gunite surface
was not faced or floated.

The specimens were cured under wet burlar for seven
days. Screed boards were then removed and the specimens
cured dry 19 to 23 days before testing.

D.6  RINFORCED GUNITE SLABS

Four reinforced gunite slabs were tested in the slab
testing machine by applying uniformly-distributed static
load., A description of the slabs and test conditions, @
tabulation of test results, and curves of transversely
applied unit bending moment vs midspan deflection are pre-
sented below. Fallure in all cases was due to bending

moment. Slab GS-1 after failure is shown in Fig. D.8.
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(a) Panels

(b) Beams

Filgure D.6 HMasonry Specimens Ready for Gunite Application
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IS

Figure D.7 Close-up of Panel Ready for Gunite

Application, Showing SR-l} Strain
Gauges on Reinforcing Rods

Figure D.8 Reinforced Gunite Slab After Fallure
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TABLE D.Z2
Description of Tests on Gunite Slabs

(1:)y Gunite, Int. Crade Standard Deformed: Steel)

W
Test Gunite Span d b jo) Steel
No. |Thickness|Length |(in.)|(in.)|(%) Arrangementstt
(in.) (in.) e s | s
GS-1 3 36 21 | 35 |1.10 3/8"% roas at "
O.C.
G8-2 3 36 21 | 35 |1.10 [3/8"7 rods at 4"
0.C.
G2s-1 2 36 11 35 | 1.83 3/8"¢ rods at L"
0.C.
6252 2 36 12 | 35 [1.83 |3/8"% rods at L
0.C.

#As specified in ASTM Specification A305
#%See Figure 6.8

swxAll steel rods straight, all reinforcement 2-way.
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TABLE D.3

Test Results on Gunite Slabs

[ Ultimate Load

psi loment# Failure| Defl. at

(incl DL”(in.-kips/in.) Pi?:gi;
GS=-1 20,3 3.3 BM 0.190
GS-2 22.3 3.6 BM 0.165
G2S-1 11,2 1.8 BM 0.320
G2s-2 10.2 1.7 BM 0.390

Steel rod yleld stress = 59,000 psi

#For sample calculations, see Appendix C

#uDeflection values are from the dead load position.

deflection are presented in Fig. D.Ge.
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Curves of transverse bending moment vs midspan




Moment per Unit Width (in.=kips/in.)

L0

te |Slab -

p =|1.10%, d = 2% in.

Condition (2)

3.0 Test Conditions: lsl Gupite,
y / Int Grade Steel, Pupport

2.0 2" Guhite Slab

p= 1-83%: ﬂ' '%

o Ve

/

W%

0,00 0,20 0.40
Midspan Deflection (in.)
Figure D=9 Bending Moment per Unit Width vs Midspan Deflection

for Uniformly Distributed Static Load on Reinforced
Gunite Slabs. Span = 36 in.
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