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ABTRACT

A variety of nagonry beans (concrete bloek forned.) were bullt

and. tested under thfrd point loading. A eonparlson 1s made between

the oxperlnental data antl the theoretlcal load carrylng capacfty of

the beams as analyzed by Ultlnate Strength ltreory for relnforced

concretg,
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I. INTRODUCTION

The precast concrete block has become a most popular buildíng com-

ponenL Èoday. Its use has expanded from partiÈion walls Ëo load carry-

ing sËrucËural elements -- beams, columns, walls.

Numerous advantages to usíng reinforced masonry consËruction have

been realj,zed by conËractors, architects, and engineers. among Ëhem:

(1) The blocks serve a double purpose. They consËituËe Ëhe formwork

for the concrete pour and contribuËe Ëo the load carrying capaciÈy

of Ëhe sËrucËural members.

(2) The masonry uníts provide a most pleasing effect for both interior

and exËerior exposure. This elirninates the need for outside clad-

ding, an economical factor which is particularly significant in

cold weaËher conditions.

(3) Fire-ratings surpass those required by local building codes. Sound-

proofing qualities are also high.

(4) The method of construction is extrenely simple -- lay blocks, in-

stall reinforcing steel, poùr concrete fil1. This procedure re-

peats itself Ëhrough Ëhe strucËure.

At Lhe Present ËÍme only a limited rmounË of experimental data is

available on Ëhe sËrength of concrete block-formed structural members and

Ëheir behaviour as a composite uniË under loading. Ratíonal design

methods for these members remaj.n a subject of conËroversy among sËruc-

tural engineers.
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1. OBJECT AND SCOPE OF INVESTIGATION

This thesis deals with an investigation of concreËe block-formed

beams subjecred to symmeËrical third point loading. The study vras con-

ducted at the Civil Engineering TesÈing LaboraËory of the UniversiËy of

ManiËoba in L97I.

The purpose r¡ras:

(1) To determine the load carrying capaciËy of experimenËal masonry

beams and compare this Ëo Ëhe theoretical capacit,y of the beams as

anaLyzed by UlËinate StrengËh Theory under the I'ACI Buílding Code

Requirements for Reinforced Concrete"l.

(2) To gain some furËher insight into Ëhe composite action of the ele-

menËs in a reinforced masonry beam (precast blocks, mortar, con-

creËe fill, reinforcing steel).

(3) To determine the effect of leaving porËj-ons of the block-formed. beam

unfilled. If various vertical cores (in areas of low stresses) are

left hollow, does this affect Ëhe load carrying capacity and by how

much? This cor¿ld potentially result in a saving in concreËe and

labour as well as a reduction in dead load.

Reinforced masonry beams have direcË praetical applícations as shear

walls in multi-story buildings, grade beams in índusËrial warehouses,

basemenË walls in single family dwellings, etc. For Èhis reason, as near

to ful1 size models as Ëhe Ëesting facíliËies would permit were chosen.

consequenËly, a span of twenËy-four feet cenËre to cent.re with sínple
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end suPPorÈs was used. Eight ínch wide concrete block and an overall

depth of four feet were the other size paramet.ers.

A toË41 of seventeen tesËs were performed on níne different bearrs.

These Ëests intend to Ëhror¿ some light on the behaviour and sËrength

of reinforced masonry bearns rather Ëhan attempt Ëo establish rules and

theories for their design. A much more extensive program would be re-

quired to accomplish the lat.ter.

Former works in this area include a series of tests on single

course masonry beams by conver".2, 
""yro"us, 

and saemannS. Their re-

sults indicated that reinforced masonry beams behave símilarly Ëo re-

inforced concreËe beams. Edghíllts3 ËesËs on beams wiËh spans of 12r-0

and depËhs of 8 to 40 inches (one Ëo five courses) also support Ëhis

Ëheory. In all of Ëhese investÍgaËions the block-formed beams were

ËoËally fíl1ed r¿ith concrete.
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]I. THE TEST PROGRAM

As indicated in Ëhe lnt.roducËion, all beams were made 8" wide,

4t-0 deep, and 25t-4" long. These dímensions rrere chosen on Ëhe basis

that the experimental models would be represenËaËive of full size beams.

rË was Ëhe authorrs initial desire Ëo use an overall depth of eight

feet., Ëhereby constiËuting a Ëypical floor to ceiling heighË in a multi-

story buildíng. However, the Ëesting faciliËies available restrict.ed

Ëhis to four feet (6 block courses).

Certain properties were characteristic of all the beams. The

bottom course of each beam was constructed of lintel blocks with Ëwo

reinforcing steel bars placed in the longiËudinal "U-shaped" opening.

The remaining five top courses w'ere builË wiËh standard and/or H block.

All courses r¡rere laid in running bohd. This required Ëhe use of one

half block at the ends of courses tt^ro , f our and síx. ttDur-a-r¿alltt

horizontal joinË reinforcing was placed between every second course.

These typical beaur properties are shown ín Figure 1.

Three dífferent types of beams were buj-lË. These consisted of

(1) beains wiËh verÈical concïeËe cores spaced at equal intervals along

the span, (2) beams having their end thirds entirely filled wíËh con-

crete and the míddle portion (between the load points) left hollovr, and

(3) beaurs toËally filled with concrete.

The following is a deËailed description of each .be:p. At Ëhe end

of each subsection is a diagram of each beam therein. Shaded areas in

the diagr¿ms represent portions filled wj-th concrete.
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1. CORE-FILLED BEAI,IS

Þeam 1 (See diagram - Figure 2)

AlËhough classified as a "core-filled beam", Beam I was the only

beam r,¡iËh concrete fill in only the bottom (lintel) block course. The

remaining five courses vrere constructed of sËandard block and lefË

hollow. The botËom course also contained two /iB reinforcing bars.

Of parËicular importance in Beams Ir 21 3, 4 and 5 was the con-

sËruction sequence in regard to filling Ëhe be¡m çi¡h concrete. The

bottom (líntel) course was filled firsË and allor^red to harden. Then

the remainder of the beam was builË and filled.

Beam 2 (See diagrrm - Figure 3)

Like Beam l, this beam had two //B

five upper courses of standard block.

at forty-eight inch centres rsere added

ThroughouL Ëhis
ttBtt following a
been Ëested and

of each core \^ras 4 7/8" x 5 9/16"

Beam 2A (See diagram - Figure 3)

Beam 2A r¿as Beam 2 modified after iË had been t.ested¡l . The only

alËeraËion r¡Ias fhe addition of one inËermediaËe concreËe core between

each existing one. Each neÌ{ core was keyed inËo Ëhe 1inte1 eourse by

hammering ouË a 6" long by 4" deep shear key at the bot.Ëom of the core

location. This procedure is fully explained in the Construction of

Beams.

bars in Ëhe bot.t.om course and

I{owever, verËical concreËe cores

for shear resistance. The size

Ëhesis, an alphabetical subscript such as "At' or
beam number denotes a beam which had previously
then modifíed or rrrepaired" to form the new beam.
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DIAGRÁM OF BEAI,I 1
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BEAM 2

BEAM 2A

concrete

FIG. 3 DIAGRAM OF BEAMS 2 AND 2A
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Beam 3 (See diagram - Figure 4)

Beam 3 was the s¿une as Beam 2 wiËh the addition of. a ll4 reinforcing

bar in each verËical concrete core.

Beam 3A (See diagrâm - Figure 4)

An inËermediate vertical core of eoncreLe wiËh one ll4 bar was

poured betr¡reen the original concreËe cores of Beam 3 to form Beam 3A.

Beam 4 (See diagrâTn - Figure 5)

rn Beam 4 , the top and botËom courses were f illed r.¡ith concreEe.

The bottom course was reinforced with two //8 bars while the Ëop course

was left unreinforced. A vertical concret.e core occurred every forty-

eight inches.

Beam 5 (See diagran - Fígure 5)

Beam 5 was the same as Beam 4 with the addiËion of one //B bar in

Ëhe top (horizontal) course and one ll4 in each verËical filled core.

t END-FILLED BEAMS

H block ¡¿as used for Ëhe end third porËions of the t,op five courses

of these beams. The central Ëhird (between load poinËs) was mad.e of

standard block. Each bottom (lintel block) course conËained two ll9

reinforcing bars, bonded in the end Ëhirds only.

Beam 7 (See diagram - Figure 6)

Shear reinforcing in Ëhe totally filled end thirds of Beam 7 con-

sísted of one verËical lÍ4 bar every síxËeen inches.
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BEAT"I 3

BEAM 3A

FIG. 4 DIAGRAIVI OF BEÆ{S 3 AND 3A
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BEA}.I 4

BEAM 5

1-/ÉB top

eaclr. core

FIG. 5 DIAGRAM OF BEAMS 4 AND 5
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BEA]"I 7

BEÁM 7A

FIG. 6 DIAGRAM OF BEAMS 7 AND 7A
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Beam 7A (See diagrFm - Figure 6)

Beam 7A was the same as Beam 7 wiËh one excepËion. The Ëop Ëwo

courses in the cenËral third of Ëhe beam rnrere filled wiËh concreËe.

Beam 8 (See diagrâm - Figure 7)

Thís beam was si:lilar Lo Beam 7 except t.hat Ëhe vertical bars in

Ëhe solid end thirds \¡Iere spaced at. t!üenËy-four instead of sixËeen inches.

Beam BA (See diagr¿rm - Figure 7)

AfËer tesËing Beam 8, Ëhe lop course of the cenËral secËion was

filled. This beam was now labelled Beam BA.

Beam 9 (See diagram - Figure B)

Beam 9 was again the same as Beam 7 wiËh Ëhe only change being the

spacing of the ll4 vertical steel in the end thirds from sixteen Ëo

forty-eighË inches.

Beam 9A (See diagram - Figure B)

Beam 9A T¡ras a modification of Beam 9. This was achieved by re-

buíldíng the Ëop Ëh/o cenËral block courses of Beam 9 after iË had been

tesËed. In effecË, Beams 9 and 9A were essentially the same.

3. TOTALLY FILLED BEAMS

Bean 1A (See díagram - Figure 9)

After Beam 1r¡Ias tested, iË was Ëotally filled with concrete and

designated Beam 1A,.

Beam 6 (See diagrâm - figure 9)

Beam 6 was Ëhe only beam which was originally ËoËally fílled ¡¿ith
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BEAM 8

BEAM. 8A

FIG. 7 DIAGRAI"I OF BEAI"TS B AI{D 8A
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FIG. 8 DIAGRAM OF BEAIvt 9 .CBEAI"I 9A SAME)
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BEAI,I IA

BEAM 6

FIG. 9 DIAGRÁM OF BEAMS 1A AIND 6
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concrete. The botËom (lintel block) course contained two ll9 reinforcing

bars and the upper five courses !ùere consËrucËed of H block.

The last two beams consisted of 16r-0 portions of previously tested

beams which appeared undamaged. In each of these beams, a single centre

poínt loading was used.

Þggqr 68 (See diagram - Figure 10)

The uncracked rniddle and right end third of Beam 6 formed Bearn 68.

Beam 98 (See diagram - Figure 10)

This beam consisted of Ëhe middle and left end third of Beam 94.

The middle portion was filled with concrete and one ll4 bar set. in to

provide one vert,ical bar every forty-eight inches along Ëhe 16t-0 span.

Table I is a concise suinmary of the Ëest program. ParË A lisEs

Ëhe characteristics of Ëhe core-fílled beams, Part B Ëhe end-filled

beams, and Part C Ëhe Ëotally filled beams. The table is repeated in

Ëhe section headed EvaluaËion of Test Results for convenient reference.
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BEAM 6B

BEAM 9B

-lr
ll

2-#9

L-ll4 G 4B''

Frc. 10 DIAGRAM OF BEAMS 68 AND 9B
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A.

TABLE 1

BEA¡4 SUMMARY

CORE-FTLLED BEAMS

BEAM BOT
STEEL

CORE
SPACING

RTICAL REMARKS
STEEL

¿-
2-
2-
2-
2-

2-
2-

B4
B5

B1
B2
B2A

B3
B3A

#8
#e
#e

#e
#e

#e
#e

48 in.
24 in.
48 in.
24 in.
48 in.
48 in.

,rot"
1-#4a48 in.
1-#4a48 in.
1-#4a24 in.

none
1-#4448 in.

Al1 cores empty

Every second core
ineffective*
Every second core
ineffective*
Top course fil_led
1-#Bintop
course

B. END-FILLED BEAMS

BEAM BOTTOM
STEEL

VERTICAL STEEL CENTRE THIRD-

B7
B7A
BB
B8A
B9
B9A

2-#9
2-#g
2-#9
2-#9
) - +oL Tf J

2-#9

1 - #¿l ã 16
1 - #4 ã 16
1-#¿rã24
1-#4a24
1 - #/+ a 48
1 - #4 a 48

l_n.
in.
in.
in.
in.
in.

Empty
Top 2 courses filled
Empty
Top course filled
Empty
FulI width mortarjoints in top courses
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TABLE 1

( continued )

C. TOTALLY FILLED BEAMS

EEa¡,i BoTTOM VERTICAL STEEL SPÃN i,oaorÑG coNorrroll
STEEL

B1A 2- #8 none
86 2- #g none
B6A 2- #9 none

24' 0 Third point,
24t 0 Third point
16' 0 Centre point

B9B 2 - #9 1-#+ ô 48 in. 16' 0 Centre point

* These cores \^iere damaged the first time the beam
was tested.
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III. CONSTRUCTION OF BEAMS

The beams were built in Ëwo series, series I and series 2, by the

auËhor and an experienced brick layer. The five beams of series I

were builL direcËly in the loading fra¡Le to minimize handling. Each

beam was tested and then several were modified and ËesËed. again.

Series 2 followed the same procedure.

1. SERIES 1

Beams 1 Ëo 5 of Series I were consecutively builÈ. Construction

methods were similar for each beam.

First the bottom course of lintel blocks \^rere mortared togeËher

on a 2 x 10 tirnber plank supported every Ëhree feeË on sËeel channels.

Care was taken to use planks which rnrere not badly warped.. For this and

each subsequent course, a horízontal guide line was run Ëo insure thaË

Ëhe blocks vlere laid in a straíghË 1ine. The botËom lintel block course

was Ëhen allowed Ëo set for aÈ leasË twenty-four hours before filling

wiËh concrete.

A 2-inch layer of concrete \¡ras shovelled inËo the block forms Ëo

insure good bond between concrete and steel. Brick fragments abouË

7 L/2 inches in size I¡rere set into the concreLe to supporÈ the reinforc-
j-ng sËeel. The Ëwo longiËudinal steel bars were then placed in the

course. The remaining void was filled with concrete and thoroughly

vibraËed with an elecËric vibraËor. I^Ihere specified, verËical steel

bars were seË inËo the concrete cores as shor,,¡n in Figure 11. The course
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was finished off by trowelling the concreËe

edge of the blocks and then allowed Ëo seË

hours before furËher constructíon.

fÍll level with rhe rop

for at least twent.y-four

The nexÈ sËep r¡/as laying Ëhe remaining five courses. Double cored

sËandard blocks T¡rere used for this purpose in all beams of series 1.

One half block was used at the extreme ènds of courses Ëwo, four, and.

six Ëo form a running bond construction. The end blocks of each course

were laid first. After these hrere correctly levelled , a horízontal

guide line was run from end to to end. Each interior block was then

mortared and tapped into place. These procedures are shown ín Fígures

11 Ëo 17.

Twenty-four hours after al1 blocks r¡zere morËared in place, fílling

of the verËical cores began. Concret.e \^¡as shovelled into Ëhe required

cores and vibrated Ëwice -- when the core was half and totally ful1.

Each core was filled level with Ëhe Lop block.

In Beams 4 and 5 a top course of concrete vras requíred. This was

monolithically poured rviËh the vertical cores. For Ëhese Ëop courses

standard blocks were used. only at Ëhose locaËions r¡rhere a vertical core

ü7as to be filled. One core in the sËandard block was left open while

the adjacenË one was blocked off aË the botËom with v¡ire screening as

shown ín Figure 19. Lintel blocks rnrere used for the remainder of the

course as shown in Figure 18.

The top reinforcing bar in Beam 5 r¿as laid into slots r¿hich r^iere

chipped ouL of the end and cenËre walls of each st,and.ard block shown in
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AIIGNMENT OF HORIZONTAI GUIDE LINE

METHOD OF LAYING BLOCKS TO HORIZONTAI GUIDE LINE



FIG. 13 SPREADING MORTAR FOR NEXT END BLOCK

FIG. L4 METHOD OF LEVELLING END BLOCKS
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TOP COURSE OF BEAM 4

LEFT CORE OF STANDARD BLOCK

OPEN: RIGHT CORN I'SCREENED

M:

FIG. TB

IN TOP COURSE

OFF''

FIG. 19
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Figure 20. MeËhods of filling Ëhe beams with concrete are illustrated

in Figures 2L, 22 and 23.

The beams were Ëhen left to cure until testing.

Series lA

This series consisted of Beams LA, 2A, and 34. Beam lA was formed

by toËally filling Beam 1 with concïete. Before this was done the

centre of the beam r¿as raised up Ëo iËs initial posiËion and supporËed '

Cracks in the block joints were.re-morËared as well as possible, and

the beam was then filled.

Beams 2A and 3A called for addiËional vertical concrete cores

centred beËween existing cores in Beams 2 anð' 3. Unlike the original

cores the new ones \¡/ere keyed into the bottom course of concreËe. This

r¡ras done by knocking out openings in the boËËomrcollrsê, which extended from the

top of the block Ëo Ëhe longitudinal reinforcing bars. These openings,

six per be¡m, \Ârere uade aË each ner¡r core locaÈion with a portable jack

hemmer. The width of each opening was Ëhat of one core (approximately

six inches). Plywood forms were made to re-enclose Ëhe sides of the

core.

ln both beams these cores r¡rere fílled r^riËh concreEe and one il4

bar puË in.

Series 2

The second. series of beams were built in a similar fashion to
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Series 1. A major difference r¡ras thaË the boËtom course corì.crete !,ras..

not separaËely poured.

The block laying procedure was the same as in Series I except that

ÌI blocks were used in some areas as ouËlined ín The TesË Program.

Concrete was delivered ready-mixed and shovelled into the beams.

All four beans r,rere filled on Ëhe same day with the same baËch of

concrete. This procedure took about, four hours and as a resulË, Ëhe

concrete puË into the last third of each beam was considerably sËiffer

than that at the start. AlËhough Ëhoroughly vibrated, it was apparenË

Lhat the concrete no longer flowed inËo the voids as well as before.

Series 2A

Beams 68, 74, 84, 94, and 98 comprised Series 24.

The bottom support at Ëhe cracked end of Beam 6 was relocated in

Beam 68 Ëo form a span of l6f-0.

The top courses of Beams 7 and B were blocked off with r¿rire

screening and Ëhen filled wi-th concreËe. These beams were then desig-

nated Beam TA and 84.

In Beam 9, the standard blocks in the Ë\^ro Ëop courses r¡rere re-

placed. Care was taken Ëo make full width mortar joínts.

Finally, Bepm 9A was modified inËo Beam 9B by filling Ëotally with

concreËe. One end support was moved to produce a 16t-0 span.
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IV. MATERIAI PROPERTIES

1. CONCRETE BLOCKS

Three different types of precast. concrete blocks were used in

building the beams - lintel, H and standard blocks. DeËails of each

type are shown in Figure 24. The nominal block dimensions are g'r x

8" x 16" while actual dimensions are 7 5/A,, x 7 5/8,'x 15 5/gt' to

allow for a 3/Bt'mortar joint. Three blocks of each series were tested.

in compression. The results of these tests are listed j_n Table 2. A

photograph of each block type is shown in Figure 25.

2. MORTAR

Mortar batches r¡Iere prepared in a wheelbarrow. Each mixËure \¡ras

made up of the following materials: one parË masonry cement, three

parts fine sand, and enough waËer to make the mixtuïe properly workable.

This corresponded Ëo a N.B.C. (1970)U ,rn" N mortar.

Two four-inch cubes rüere made from each batch of mortar. The re-

sults of compression t.ests performed on Ëhese cubes are listed in Table 3.

A sieve analysis tras carried ouË on Ëhe mort,ar sand and these re-

sults are tabulated in Table 4. .rn Fígure 26, Elne sand was graded

as a fine-to-medir¡u sand.
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PHOTOGRAPH OF BLOCK TYPES
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T ABLE 2

CONCRETE BLOCK CO}ÍPRESSION TEST DATA

TYPE OF
BLOCK

rorAl, LoAD-lT{rÞET
(AVERAGE oF THREE

COMPRESSIM STRENGT}I--(ÞE
GROSS AREA

SERTES 1

Standard

I,intel
162

195

1 ,350

1,625
2,700

3,250

SERTES 2

Standard

Lintel

H

165

189

186

1t375

1r5go

1,550

2,750

3,160

3, 100
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TABLE 3

MORTAR CUBE TESTS

BEAM TEST TOTAI LO.T\D
NO. NO. (POUNDS )

COMP. STRESS
(P. S. r. )

AVG f'm
(P.s . r. )

AGE
(DAYS )

1

1A

2A

3

3A

4

6

6Br9B

7

7A, BA

24,000
23 ,400

29,600
35,400
29,100

23 t700
22,900
23,600

23 ,600

24,900
26 ,7 00
28,300
26 t200

23 t600

29,900
33,300
22,300

39 ,900
22 ,1 00
17,600
18,400

26,800
28 ,100

32 | 400

32,400
27 t200

17 t000
19,500
15,500

1,500
1,460

1 ,850
2,210
1 ,g2o

1,480
i,430
1t470

1t470

1,560
1,670
1,770
1,640

1,470

1,970
2,080
1,400

2 ,490
1 ,380
1 ,100
1,150

1,690
1,760

2 ,020

2 ,020
1t700

1 ,060
1 ,220

970

1,480

1,960

1,470

1 t660

1

2

1

2
3

10

56

122

49

115

29

1

2
3

1

1

2
3
4

1

1

2
3

1

2
3
4

1

2

1 ,460 53

1,470

1,780

5 1 ,530 10

1

1

2

1

2
3

1,720

2,020

1,860

1,080

1B

36

33

7*
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TABLE

( continued )

BEAM TEST TOTAL LOAD C6MP. STRESS AVG f'm
NO. NO. (POUNDS (P. S. r. (P.s.r.) (DAYS)

29

28

9*

1

2

1

2

1

2
9A

29,900
22 t900

29,100
20,800

17 ,1 00
1 7,300

1,870
1 ,430

1,820
1 ,300

1,070
1,070

1,650

1,560

1,070

Tests were
top central

performed on
courses of

mortar used
these beams.

to redo the
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TABLE 4

SIEVE ANA]-YSIS OF MORTAR SAND

SIEVE NO. I¡IEIGHT PASSING
(GRAMS)

PER CENT PASSING

4
l0
l6
50

r00
200

L,373
L,364
L,322

466
92

7

r00 .0
99.s
96.s
34 .0
6.7
0.5

3. CONCRETE FILL

The concrete for Series I beams vias made in a counter current rapid

cement mixer aË Ëhe laboratory. Each míxËure conËained 195 lb. coarse

aggregate, 195 lb. fine aggregater 62 Lb. normal porÈland cement, and

47 Lb. waËer. The sh:mp ranged from 7 to 8 inches. The maximum size

of coarse aggregate was 3/B inches. A sieve analysis I¡/as carried out

on the fine aggregate and ir was gra{ed as a medir¡m-Ëo-coarse sand.

The results are listed in Table 5 and plotted ín Figure 27.

TABLE 5

SIEVE ANA]-YSIS OF FINE AGGREGATE FOR CONCRETE

SIEVE NO. TEIGHT PASSING
(GRAMS)

PER CENT PASSING

4
l0
16
50

100
200

1 ,508
1,410
r,r73

rB9
44
L7

99.9
93.6
77.7
L2.5
2.9
r.0
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The ready-míxed concrete used in a1l Series 2 beams and Beam 1A

of Series I had a specified strength of 3,000 p.s.í., slump of 5 inches,

and I/2 inch maxjmum size of aggregate.

Compression ËesËs were performed on 12" x 6" diameËer sample cyl-

inders Ëaken from each pour. These resulËs are listed in Table 6.

4. REINFORCING STEEL

IntermediaËe grade reinforcing st.eel was ordered from a loca1

manufacturer. Three bar sizes were used -- li4, ll9 and ll9 , A1l bars

r^rere inspected to make sure ËhaË they were free from oil , grease, scale

or oËher foreign material prior to installaÉion.

Three 24-Lnch sample coupons of each size were specified with each

delivery. A tensile test was performed on each coupon Ëo establish

Ëhe yield strength of the steel to be used in the analysis of Ëhe beams.

These values are listed in Table 7.
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TABLE 6

CO}ICRETE CYLINDER TESTS

BEAIU TEST TOTAL LOAD
NO. NO. (POUNDS )

COMP. STRESS
(P. S. r. )

AVG f'c
(P. S. r. )

AGE
(DAYS )

1

1A

2A,3A

619

6B

7

63r000

96,000
102,000
98,500

101r000
97,000

84,000
117,000
107,000

69,000
71,ooo
45,000
64,000

103.000
125,000
106,000
124,000
127,000

104,000
99,500

1 14 ,500

76,000
76,000
75,500
7 6 ,000
75,000

73r000
61,000

100,000

70,500

2,220

3,390
3 ,610
3,480
3,570
3,430

2,970
4t140
3,7 80

2 ,440
2 ,510
1 ,590
2,260

3,640
4 ,420
3,740
4,390
4,490

3,6 B0
3,520
4,050

2,680
2,680
2,670
2,680
2,650

2,580
2 ,160

3,530

2t490

2 t370

3,530

2t490

2,220

3,500

3,630 53

2,220

4,140 49

3,750 29

2,670

i0

211

2
3
lt

5

1

2
3

105

1

2
3
4

1

2
3
4

5

1

2
3

1

2
3
4

5

1

2
B

35

13
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TABLE

( continued)

BEAM
NO.

7A, BA

B

94,000

78,000
71 ,000

84,000

102r000
84,000
99,000

3 ,320

2 t760
2 ,510

2,970

3,61 0
2,970
3,500

AVG f'c
(P. S. r.

3 ,320

2 ,640

2,970

3,360

AGE
(DAYS )

7

10

24

7

TEST TOTAL LOAD COMP. STRESS
NO. (POUNDS P.S.r.)

1

2

9A

9B

1

1

2
3



BAR 1'.b.;S'1'

sIzE NO. Y I
LOAD

(POUNDS )

#4

TENSTLE STRENGTH OF REINFORCEMENT

1

2
3

1

2
3

#B

ELD P
STRESS

(P. s. r. )

TABLE

1,400
0,700
0,750

OINT
AVG. STRESS

(P. s. r. )

39,190
39 ,190
39,390

#4

57,000
53 r 500
53,800

49,500
49,500
49,800

1

2
3

1

2
3

#e

0,700
0,650
0,600

5+,770

SERTES 1

LOAD
(POUNDS )

51,000
50 r 900
50 r 950

49,600

ULTIMATE
STRESS AVG. STRESS

(P. s. r. ) (P. s. r. )

53,500
53 r 300
53,100

51,000
50,900
50,950

16 t700
15,700
16 t150

60,400
60,510
60,400

53,300

SBRIES 2

83,5.00
7B,500
80,700

7 6 ,500
76,700
76,500

50,950

AVG. ELONG.
TN B IN.

(pnn CENT)

1 5, 800
15 t7 50
1 5, 800

75, B0o
74 t52o
74,BBo

80,900

76,570

79 t100
7B, Boo
79,000

75,800
74 t520
74, BB0

20

24

78,970

I
À'
.Èr.

I

75,070

16

24
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V. THE TEST SET-UP AND PROCEDURE

In order to set each series of beams in their final testing posi-

tion, it was first necessary to remove E]ne 2't x 10t' planks and support-

ing channel sections. This was accomplished by lifting each end of

each beam and blocking iË up on the end supports. The end supports

consisted of Errro 10 I^rF 100 steel sections which \Árere supported on tvro

48 I^[^]F 3-279 beams anchored on steel frames in a concrete pit.

Just prior Ëo tesËing, each end of each masonry beam was again

lifted to remove the wood blocking and. insert the proper bearing sup-

ports. The beams were 1if Ëed by an overhead crane in one of two \^rays:

by wrapping a chain around the beam, or by hooking a chain to lifting

hooks provided in Èhe beam. rn eiËher case, only one end of the beam

was raised at a Ëime. The lifËing point was about four feet from the

end of Ëhe beam.

The bearing supports consisted of steel rollers sandwiched between

l-inch steel plaËes. one l-inch roller was used at one end and five

3/8-inch rollers at the other. f/B-inch plywood cushions r^rere placed

on Ëop and bottom of the steel plates Ëo distribuËe the end reactions

uniformly.

Loads were applied aË the third points $rith hydraulic jacks. The

jacks used had capacities of 400 , 200, and 20 kips. At each loading

poínt, a l-inch st,eel plate \^ias seË level into a thín plaster eapping

on top of the beam. The jacks were then accurately positioned on t.he

plates. Directly above each jack, a load cell was bolted Ëo a sËeel
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frame. The load cells used had capacities of 200 and 20 kips. Each

frame consisted of two 12 I^rF 53 columns and four 15 f +0.0 cross ties.

A diagram of the tesË set-up is shovm in Figure 28.

As load was applied the jacks pushed against the load cells which

r¡rere connected to separate sËrain indicators. Each load cell was pre-

calibrated. For example, an increment of 50 micro-inches on the strain

indicator corresponded to an applied load of 100 pounds. Thus, load

incremenLs rnrere atËained by preseËting the sËrain indicators Ëo cerEain

readíngs and Ëhen pumping the hydraulic jacks until these readings were

balanced to zero. Photographs of a beam in tesËing positiorr, an hydraulic

jack and load cell, and a "Budd" strain indicator are shown in Figures

29, 30 and 31, respectively.

At each load increment, vertieal deflections were measured at the load

poínts and midspan, using "Mercer" dÍa1 gauges set either under or

on top of the beam. These gauges read to the nearest. thousandËh of an

j.nch and had maximun Ëravels of I inch (at the load points) and 2 inches

(at uridspan) .

Loads were always applíed slnnmetrically at the two load points.

As cracks formed in the beams their locations and corresponding load

were marked v¡ith ink to íncrease Ëheir visibility.
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FIG. 29 MASONRY BEAI,I. IN TESTING POSITION

FIG.30 HYDRAULIC JACK AND LOAD CELL



FIG. 31 IIBUDDI' STRAIN INDICATOR
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VI. TEST RNSULTS

The behaviour of all the beams under load followed a general paËtern.

At first under low loads only slight deflections r.7ere recorded.

DeflecËions aË Ëhe Ëwo load poinËs were virtually the same while that

aË midspan \iIas stightly higher. Normally at about 30% of the ultimate

load small cracks were firsË noticed in Ëhe mortar joínts along the

botËom of Èhe beam. As the load was furËher increased, these cracks

began to extend upward into the beam.

From this poinË on, various types of failure Look place. However,

for Ëhe great rnajority of bearns Eested, this consisËed of diagonal

shear cracks which started near one of the end supporËs and exËended

up to the load poinË. These cracks \^lere partially step-like following

the morÈar joints but also cut directly Èhrough the concreËe blocks at

s-ome poinËs. I,[ith the f ormation of these cracks, higher def lections

ï¡rere measured r¿i-th each load increment.

AË some load increments, a considerably large crack opened. This

\^/as accompanied by a decrease in load of up to 50%. As more load was

applied, deflections became very large. since the beam could not r,riËh-

stand further load but only continued to deflect, Ëhe ËesË was Ëhen ter-

minated.

The complete set of tesË resulLs are lisËed in Tables B Ëo 23 at

the end of this section. The tesË results for each Ëype of beam, core-

filled, end.-filled or Ëotally filled are outlined below.
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1. CORE_FILLED BEAMS

The first beam of this seriesr Be¡m l, which had no cores filled,
failed under iËs orrm dead load. The beam failed in longitudinal shear

with Ëhe uPper block courses having slid. outward. This caused crack-
ing in the mortar joints, especially in Ëhe end secËions of the beam.

Although the failure occuïred before the placement of the deflection
gauges, midspan deflecËion üras esËimated at 3 inches. A photograph of
the I'warpedil beam is shown in Figure 32.

The addition of individual concret,e cores in Beams 2 to 5 increased

the load capacity. The cores provided a greater resistance to longi-
Ëudinal shear stresses, preventing a sliding out of Ëhe end blocks.

hlhen the shear resistance of the concrete r¡ras surpassed., diagonal
cracks developed in the beam.

The strongesË beam of this series was Beam 3A which

applied load of 11.7K. Both repaired, beams (Beams 2A and

at least as much load as their originals (Beans 2 and 3).
course concrete in Beams 4 and 5 appeared to offer litËle
load carrying capacity, since shear stresses governed.

Photographs of Ëhese bean fairures are shorn¡n in Figures 32 to 41 .

Load deflecËion curves are plotted in Figures 42 to 4r,

) END-FILLED BEAMS

v¡iËhstood an

3A) carried

The top

additional

In the Serj.es 2 beams,

the shear resistance. This

Ëhe ends were entírely fi11ed to improve

resulted in an increase of ulËimaÈe loads





FIG. 34 BEAIVI. 2A

FIG. 35 SHEAR FAILURE IN BEAIvf 2A





I'IG. 39

FIG. 38 BEAM 3A

SHEAR FAILURN IN BEAIVI 3A



FIG.40 SHEAR FAILURN IN BEAI,I 4

FIG. 41 SHEAR FAILURE IN BEAM 5
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up to 39 kips. rn Beams 7, B and 9, the mod.e of failure was crushing

of the blocks and mortar in the top two courses beËween load poinËs.

Mídspan deflecËions T¡rere slightly higher than in the core-filled beams.

Higher tension in the longitudinal steel caused the blocks in the

cenEre of the bot,Ëom coúrse to break aparË at Ëhe morËar joints and

drop ouË. Failure portions of these Ëhree beams are shornm in Fígures

48 Ëo 51. Figure 52 shows the 1or,¡ slump concreËe used in Ëhe righË

end of the Series 2 beams.

In Beams 74, 8A and 94, the Èop Ëwo courses r¡rere rebuilt stronger

than before. consequently, the ultimate load was higher. Both Beam 7A

and BA r,liÈhsËood compressive forces in the Ëop layers. The mode of

failure changed to shear cracks in the end zone ËhaË was filled with

the low slurnp coricreËe. Failures of Ëhese beams are shown in Figures

53 Ëo 57.

Near ult,:imat.e load some crushing in the central top blocks r,ras

noticed in Beam 94. Ilowever, when more load was applied, a shear crack

developed and later widened, again in the end zone which was filled
last. l"Ieanwhile, the top block courses remained intact. This beam

carried 24 kips at each load point compared to 2L kips by its counËer-

part Beam 9.

Load-deflection curves for the end-fi-lled bea:ns are shor^m in

Figures 58 to 63.
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BEAM 8 _ FLEXURAI FAILTIRE BY CRUSHING
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3. TOTALLY FILLED BEAMS

The Ëwo 24t-0 span solid beamse Be¡m 1A and Beam 6, boËh faíled ín

shear. Beam 1A carried abouË the same amount of load as the core-filled ,

beams of Series l, and Beam 6 less Ëhan many of the end-filled Series 2

beams. However, Beam 6 withstood a substanËially greater load Ëhan

Beam lA. Although Beam lA was previously tesËed as Beam l, Ëhe only

subsËantial difference T¡ras that the bottom course in Beam 1A was poured ":

separaËely. i
The two 16t-0 span beams resisted the híghest loads as \¡ras ex-

pected. Both developed shear and flexure cracks but the u1tímaËe fail-

ure r¡/as a large diagonal shear crack from load poinË Ëo supporË. Beam

98 wíth shear reinforcing every 48 inches ouLlasted Beam 68 to a load

of 85 kips.

PhoËographs of Ëhese Ëotally filled beams aÈ failure are shovm in

Figures 64 xo 70, while load-deflecËion curves are d,rawn in Figures 71

to 74.



FIG. 64 BEAM 6

FIG. 65 SHEAR FAILURE IN BEAIVT 6
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FIG. 66 FLEXURÁ]. SHEAR FAILURE IN BEAM 68

.l

':1î
i; ,,:.

FIG.67 FLEXURA], SHEAR FAILURE IN BEAM 98
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FIG. 70 TOP VIEI^I 0F SAME PIECE SHOI,IING GOOD BOND

BETI^IEEN CONCRETE AND REINFORCING STEEL.

COMPARE I/ùITH RIGIIT END lN FIc. 57 .
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TABLE B

BEAM 2 TEST RESULTS

APPLIED LO
EACH THTRD POTNT LEFT LOAD

POfNT

ïoN IN
CENTRE

(KTPS

0
0.3
0.7
1.1
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
?o

4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0
6.2
6.4
6.6
6.7

0
0.003
0. 008
0.018
0 .027
0. 034
0.038
0. 04s
0.049
0. 057
0.065
0.071
0. 076
0.08s
0. 093
0.095
0.102
0.111
0 .121
0.129
0. 138
0. 144
0.150
0.160
0. 1 65
0.170
0 .177
0. 186
0. 1 97
0.204
0 .216
0.221

0
0.005
0.011
0. 021
0.031
0.038
0.043
0.0s3
0.059
0.068
0.078
0. 083
0.091
0.098
0.106
0.114
0.121
0.128
0.134
0.140
0. 147
0. 156
0. 164
0.176
0.181
0.187
0.193
0. 200
0.212
4.221
0.232
0.237

0
0.002
0.007
0.016
0. 024
0. 030
0.035
0.041
0.046
0. 053
0.060
0. 064
0.069
0.074
0.075
0.081
0.086
0.091
0.096
0.101
0.108
0.116
0.121
0.148
0.152
0. 1 57
a .162
0.168
0. 1 90
0.196
0.203
4.207

RÏGHT LOAD
POTNT
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TA,BLE

BEAM 2A TEST RESULTS

APPLIED LOAD AT
EACH THTRD POTNT

(KÏPS)
LEFT LOAD

POTNT

TON
CENTRE RIGHT LOAD

POTNT

0
0.3
0.6
0.9
1.2
1.s
1.8
2.1
2.4
2.7
3.0
3.3
3.6
2ôJ.J

4.2
4.5
4.8
5.1
5.4
5.7
6.0
6.3 (failure)

4.5k sustained
for 20 hours

0
0.008
0.013
0.019
0.017
0. 023
0. 032
0. 042
0.052
0.062
0-072
0.083
0. 098
0.109
0 .121
0. 132
0.147
0.179
0.259
0.317
0.405
0.519
0.s81

0
0.00s
0.010
0.016
0. 02s
0. 031
0.040
0.050
0.060
0.069
0.080
0.090
0. 103
0 .112
0.124
0. 135
0.148
0.176
0.230
0.27 5
0. 339
0"430
0.469

0
0

0.007
0.012
0.018
0. 026
0.033
0. 042
0.0si
0.0s8
0.066
0.075
0.085
0.094
0. 1 03
0.111
0.122
0.140
0 .177
0.208
0. 3s0
0.41s
0.432
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TABLE 1O

BEAM 3 TEST RESULTS

AppLrED LoAD AT DEFLECTToN (rNcHEs) -
EACH THIRD POÏNT IEFT LOAD CENTRE RIGHT LOAD

(KTPS) POINT POTNT

0
0.4
1.0
1.4
1.6
1.8
2.0
2.2
2.4
2.6
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0
6.2
6.4
6.6
6.8
7.0
7.2
7.4
7.6
7.8
8.0
8.2
8.25

0
0

0.001
0.004
0.009
0.013
0.017
0. 023
0 .027
0.034
0.04s
0. 053
0.059
0.065
0. 079
0.083
0.089
0. 094
0. 098
0. 105
0.113
0.120
0 .127
0.136
0 .142
0.148
0.160
0.166
0.178
0.18s
0.217
0.279
0. 364
0.374
0.401
0.453
0.556
0. s65

0
0.00s
0.010
0.020
0. 025
0.031
0. 037
0.043
0.048
0.056
0.067
0. 075
0.080
0. 086
0.102
0.106
0.113
0.118
0.122
0. 130
0.137
0.142
0.149
0. 158
0. 164
0.172
0.188
0. 19s
0.208
0 .216
0.245
0.315
0.384
0.39s
0.435
0.503
0.606
0 .626

0
0.00s
0.011
0. 021
0. 025
0.030
0. 034
0.040
0.04s
0. 0s2
0. 062
0.070
0. 07s
0.082
0. 094
0.098
0.104
0. 109
0.114
0 .122
0.131
0.136
0.142
0. 150
0. 156
0.161
0.171
0.176
0.186
0.192
0 .216
0.302
0.358
0.366
0.403
0.47 6
0.582
0.602
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TABLE 11

BEAM 3A TEST RESÜLTS

APPLTED LOAD AT
EACH THTRD POTNT

(KTPS)

DEFLECTTON rNC}I
LEFT LOAD

POINT
CENTRE RIGHT LOAD

POTNT

0
0.3
0.6
0.9
1.2
1.5
1.8
2.1
2.4
¿. t
3.0
3.3
3.6
?ô

4.2
4.5
4.8
s.1
5.4
5.7
6.0
6.3
6"6
6.9
7.2
7.5
7.8
8.1
8.4
8.7
9.0
Ò?

9.6
oo

10.2
10.5
10.8
11.1
11.4
11 .7

0
0. 003
0.010
0.016
0. 023
0.032
0. 041
0.046
0.054
0. 066
0. 074
0. 084
0. 096
0. 104
0.115
0.126
0.138
0.146
0.157
0.166
0.178
0.190
0.201
0.219
0. 231
0.243
0.260
0.270
0.281
0.297
0.308
0. 326
0.371
0.391
0.410
0. 429
0.458
0. 492
0. 547
0.589

0
0.005
0.013
0.019
0.028
0. 037
0.045
0.056
0.063
0.076
0.083
0. 093
0. 105
0.113
0.124
0. 135
0.147
0. 156
0 .167
0 .177
0.190
0.200
0.211
0.226
0.238
0.251
0.267
0.274
0.286
0.30i
0.312
0 .326
0.368
0.38s
0.402
0.420
0.446
0.472
0.s18
0.555

0
0.003
0.010
0.018
0.02s
0.032
0.040
0.048
0.056
0.069
0. 075
0.085
0.09s
0. 103
0.112
0.122
0. 133
0.141
0.151
0.161
0.172
0. 180
0.190
0.201
4.212
0.222
0. 23s
0.243
0.254
0.268
a .277
0.290
0.318
0. 330
0. 343
0. 356
0.372
a .392
0.424
0.448
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TABLE 12

BEÀM 4 TEST RESULTS

EACH THTRD POTNT LEFT LOAD CENTRE RIGHT LOAD
KÏPS) POÏNT POTNT

0
0.2
0.4
0.6
0. B

1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
?ll
3.6
3.8
4.0
4.2
4.4
4.6

0
0.002
0. 004
0.006
0.007
0. 009
0.011
0.014
0.016
0.019
o .022
0. 025
0.029
0. 032
0.037
0.042
0.047
0. 051
0.055
0. 0s9
0.063
0.068
0 .077
0.079

0
0.002
0.004
0.006
0.008
0.010
0.012
0.015
0.017
0.021
0.024
0 .027
0.031
o. 03s
0.041
0.04s
0.0s1
0.05s
0.0s9
0. 063
0.067
0. 071
0 .077
0. 082

0
0.001
0.002
0.004
0.006
0. 008
0.010
0.012
0.015
0.018
0. 021
0.024
0.029
0.032
0. 037
0.041
0.046
0.0s0
0.054
0.0s8
0.061
0.065
0. 069
0.07s
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BLE 13

TEST RESULTS

APPLIED LOAD AT
EACH THIRD

POfNT (KTPS )

DEFLECTTON

LEFT LOAD CENTRE
POINT

( rñCnESl-
RTGHT LOAD

POINT

0

1.0

2.0

3.0

4.0

5.0

6.0

0

0.010

0.023

0.037

0. 052

0.072

0.098

0

0.012

0.025

0.041

0. 055

0.077

0. 1 04

0

0.013

0 .026

0.044

0.060

0.091

0 .121
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TI\BLE 14

BEAM 7 TEST RESULTS

APPLÏED ],OAD AT
EACH THTRD POTNT

(KrPS )

DEFIECTIoN (TNCHESI-
LEFT LOAD CENTRE

POTNT
RTGHT LOAD

POINT

0
1

2
3
4

0

0.014
0. 031
0.047
0.065
0.084
0. 100
0 .121
0. 139
0.160
0.183
0.205
0.225
0 . 24.8
c.272
0.295
0.318
0.342
0.365
0. 390
0.414
0.441
0.466
0.491
0.517
0.s46
0. 573
0.601
0.628

0

0.009
0.021
0. 023
0.039
0.067
0 .077
0.103
0.121
0.147
4.177
0.202
0.224
0.254
0 .282
0.309
0.331
0.355
0.380
0. 409
0.435
0.463
0.493
0.522
0. 5s3
0 .602
0.624
0.6s4
0.687

0

0.012
0. 025
0. 042
0.0s9
0 .077
0. 091
0 .117
0 .137
0. 159
0.180
0 .202
0.223
0.246
0.270
0.292
0.316
0.343
0.363
0.380
0.414
0 .442
0.466
0.480
0.505
0.536
0.573
0.598
0.627

5
6
7
B

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2B
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TABLE 15

BEAM 7¡\ TEST RESULTS

APPLÏED LOAD AT
EACH THIRD POINT

oup'r,sCirW
CENTRE

KIPS)
LEFT LOAD

POTNT

0

0.007
0.019
0.032
0.045
0. 0s9
0. 073
0.089
0.104
0.118
0.133
0. 149
0.165
0.'180
0.195
0.209
0.224
0.240
0.254
0.269
0.284
0.299
0.314
0.330
0. 34s
0.361
0.384
0.397
0.408
0.428
0.448
0.470
0.486
0.508
0 .521
0.557
0. s95
0.815

0

0.006
0.016
0. 028
0. 043
0. 0s9
0.07s
0.092
0.110
0.126
0.144
0.161
0.179
0. 196
0.214
a .231
0.253
4.271
O.2BB
0.306
0.322
0.340
0.356
0.374
0. 393
0.410
0.475
0.489
0. s03
0 .522
0. s42
0.570
0.598
0 .622
0.645
0.681
0.726
0.827

RÏGHT LOAD
POTNT

0

0.010
0. 023
0.035
0.049
0.064
0.079
0.095
0. 106
0 .122
0. 137
0. 154
0.171
0. 1 86
0.2a2
0.218
0.233
0 .249
0.263
0.279
0.290
0.306
0.321
0.337
0.353
0.369
0.394
0.407
0 .421
0.449
0 .467
0.488
0. 506
0.530
0.556
0.582
0. 625
o.t 47

0

1

2
3
4
5
6
7
o
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2B
to
30
31
32
33
34
35
36
37
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TABLE 16

BEAM 8 TEST RESULTS

EACH THJRD POTNT LEFT LOAD CENTRE R]GHT LOAD
POTNT

0
1

2
3
4
5
6
7
Õ

I
10
11

KTPS) POTNT

0

0.009
0.023
0. 042
0. 062
0.080
0.098
0.116
0. 136
0. 157
0.180
0.201
0 .224
0.245
0.269
0.292
0.315
0.342
0. 373
0"428
0.452
0.480
0.516
0.552
0.583
0.614
0.673

0

0.001
0.020
0.039
0.060
O.OBB
0.111
0. 137
0 .162
0.186
0 .211
0.23s
0.265
0.290
0.315
0. 351
0.372
0.403
0.448
0.514
0.541
0.579
0.637
0.683
0.722
0.7 61
0. B0s

0

0.007
0 .022
0.042
0.064
0 " 083
0. 108
0.128
0.146
0.168
0.191
0.212
0.234
0.257
0.281
0.306
0. 334
0.3s9
0. 391
0 .442
0.46s
0.493
0.533
0.568
0.608
0.638
0.689

12
13
14
15
16
17
1B
19
20
21
22
23
24
25
26
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TABLE 17

BE.AM BA TEST RESULTS

APPLIED ].OAD AT
EACH THTRD POTNT

(KrPS)

DEFLECTION (TNCHES)
LEFT LOAD

POTNT
CENTRE RTGHT LO.AD

POINT

0
1

2
3
4
5
6
7
B

9
10
11
12
13
14
1s
16
17
1B
19
20
21
22
23
24
25
26
27
2B
29
30
31
32
33
34
35

0
0.023
0.048
0.066
0.084
0.101
0.118
0. 135
0. 1 51
0 .167
0.186
0.204
0.220
4.237
0.255
0 .271
0.289
0. 304
0.320
0.335
0. 351
0.369
0. 385
0.403
0 .420
0.438
0. 4s6
0.478
0.496
0.516
0.539
0.559
0.581
0.604
0.628
0.653

0
0.00s
0.015
0.028
0.0s6
0 .077
0.097
0.119
0.141
0. 154
0.172
0.191
0.207
0.225
0.242
0.261
0.278
0.296
0.316
0.333
0.3s7
0.382
0.406
0.426
0.444
0.466
0.494
0.517
0.534
0.554
0.578
0.598
0.622
cJ.644
0.668
0 .719

0
0.008
0.018
0.020
0.041
0.066
0.091
0 .112
0. 1 32
0.1s3
0 .172
0.191
0.210
0 "229
0.248
0.267
0.283
0.301
0.318
0.336
0.355
0. 372
0"388
0.40s
0.424
0.446
0.465
0.489
0.507
0.527
0.5s2
0.573
0.s93
0.616
0 .642
0.693
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TABLE 1B

BEAM 9 TEST RESUITS

APP],TED LOAD ÀT
EACFI THIRD POÏNT

(r(rPS)

DEFIECTTON (INC}IES)
LEFT LOAD

POTNT
CENTRE RTGHT LOAD

POTNT

0
1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
1B
19
20
21

0
0.013
0. 026
0.042
0. 0s6
0.070
0.086
0.104
0 .121
0. 137
0. 157
0. 174
0.185
0.200
0.220
0.240
0.265
0.290
0.318
0.336
0.359
0.388

0
0.019
0.04s
0.069
0"094
0. 120
0. 1 47
0.177
0.210
0.243
0.280
0.339
0.355
0.374
0. s99
0.424
0.450
0.478
0.533
0. 558
0.585
0 .622

0
0.008
0.020
0.034
0.046
0. 063
0.078
0.093
0.108
a .126
0.142
0. 159
0 .166
0.176
0. 194
0.212
0.233
0.255
O.2BB
0.302
0.322
0.349
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ABLE 19

BEA}iI 9A TEST RESÜITS

APPLTED LOAD AT
EACH THTRD POTNT

(KÏPS)

DEFLECTTON (TNCHES)
LEFT LOAD CENTRE RIGHT LOAD

POTNT POINT

0
1

2
3
4
5
6
7
B

9
iD
11
12
13
14

0
0. 003
0. 046
0.071
0.095
0.116
0. 137
0.157
0.178
0. 199
0.220
0.240
0.260
0.279
0.298
0.317
0.336
0. 355
0.376
0.397
0.418
0.438
0.461
0.490
0. 549

0
0.001
c.012
0.034
0.060
0.080
0. 106
0.132
0.156
0 .177
0 .197
0 .217
0.241
0.261
0.278
0.299
0.313
0.344
0.364
0.387
0.414
0.440
0.471
0.508
0.607

0
0. 002
0.040
0.065
0. 093
0 .112
0. 1 36
0. 158
0. 178
0.198
0.217
0.238
0.259
0.278
0.304
0.320
0.339
0. 357
0.383
0.403
0.423
0.446
0.470
0.503
0.605

15
16
17
1B
19
20
21
22
23
24
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TABLE 2O

BEAT4 1A- TEST RESUITS

APPLTED IOAD AT
EACH THTRD POTNT LEFT LOAD

POTNT
R]GHT LOAD

POTNT

0
0.1
0.2
0.3
0.4
0.5
0.6
4.7
0.8
0.9
1.1
1.3
1.5
1.7
1.9
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

0
0
0
0
0
0
0
0

0.001
0. 001
0.004
0. 007
0.010
0.014
0.016
0.020
0 .022
0. 024
0.026
0.0s1
0.05s
0.058
0. 062
0.064
0.067
0.070
0. 074
0.156
0 .171
0 .172
0.301
0.316
0. 331

0
0. 003
0. 004
0.004
0. 005
0. 006
0.007
0.008
0. 010
0.011
0.013
0.016
0.018
0.022
0. 025
0. 028
0.030
0. 032
0. 035
0. 0s9
0.064
0.067
0.072
0.074
0.078
0.081
0. 08s
0.119
0.139
0.286
0 .326
0.34s
0.36s

0
0. 002
0. 002
0. 003
0.003
0.005
0.006
0.007
0.008
0.009
0.011
0.013
0.016
0.019
0 .022
0.026
0. 028
0.030
0. 032
0. 039
0. 043
0.046
0.048
0. 050
0. 0s3
0. 056
0. 0s9
0. 082
0.093
0.187
0.210
0 .222
0.235
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TABLE 21

BE.AM 6 TEST RESULTS

EACH THÏRD POTNT LEFT LOAD CENTRE RIGHT LOAD
POTNT(KIPS ) POTNT

0
1

2
3
4
5
6
7
B

9
0
1

2
3

0
0.004
0.010
0.01 I
0.026
0. 035
0.045
0.0s9
0.a72
0.089
0.103
0.120
0. 137
0. 1s6
0.180
0.198
0.218
0.240
0.263
0.282
0.301
0.328
0.346
0.371
0.404
0.436
0.537

0
0.005
0 .012
0.020
0.029
0. 039
0.0s1
0.065
0.079
0. 096
0.111
0.131
0.151
0.171
0. 194
0.215
0.236
0.258
0.281
0.301
0.325
0.348
0.369
0.393
0 .426
0.456
0.507

0
0. 001
0.001
0. 008
0.017
0 .027
0.039
0. 052
0.064
0.076
0.090
0. 107
0.124
0.141
0.161
0. 178
0.196
0.217
0.237
0.2s6
0.278
0.300
0.318
0.341
0.370
0. 397
0.418

4
1s
16
17
18
19
20
21
22
23
24
25
26
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TABLE 22

BEAM 6B TEST RESULTS

( INCHES (KTPS )

0
1

2
3
4

0
0.00s
0 .012
0.019
0.025
0.031
0.037
0.044
0.050
0. 056
0.063
0.069
0.07s
0.081
0.087
0.093
0.099
0. 1 04
0. 109
0.115
0.120
0 .125
0.130
0.135
0. 140
0.145
0.150
0. 1 s5
0. 1s9
0.164
0.170
0.176
0. 1 B0

33
34
35
36
37
3B
39
40
41
42
43
44
4s
46
47
48
49
50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64

( TNCHES )

0.185
0.190
0.194
0.199
0.205
0.210
0 .215
0 .221
0 .226
0 .231
0 .236
0 .241
0 .246
0 .252
0.258
0 .263
0.269
0.275
0 .289
0.294
0.299
0.304
0.310
0 .322
0 .326
0.332
0.342
0.353
0. 375
0. 395
0.408
0 .420

5
6
7
ô
Õ

9
10
11
12
13
14
15
16
17
1B
19
20
21
22
23
24
25
26
27
2B
29
30
31
JZ
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TABLE 23
BEAM 98 TBST RESULTS

APPLIED LOAD DEFLECTÏON APPLTED LOAD DEFLECTTON
S S KÏP INCHES

0
1

2
3
4
5
6
7
B

9
10
11
12
13
14
t5
16
17
1B
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39
40
41
42

0

0
0.001
0.002
0.003
0.004
0.006
0.009
0 .012
0.015
0.018
0 .022
0.025
0.032
0.035
0.037
0.039
0.044
0.049
0.0s4
0.0s6
0.058
0. 0s9
0.063
0.066
0.069
0. 073
0.078
0. 080
0.082
0.085
O.OBB
0.090
0.093
0.099
0.104
0.107
0.110
0.114
0 .117
0 .121
0 .126
0. 130

43
44
45
46
47
4B
49
50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
7s
76
77
7B
79
BO

B1
B2
B3
B4
B5

0. 1 33
0.136
0. 1 40
0.14s
0.149
0. 1s3
0 .157
0 .162
0. 165
0 .169
0 .173
0.178
0 .182
0 .187
0 .192
0.198
0.203
0.208
0.217
0.222
0 .225
0.232
0.240
0.257
0.261
0.265
0.273
0.281
0.285
0.290
0.295
0.301
0.309
0. 339
0. 360
0.376
0.382
0.389
0.407
0.413
0.419
0 .425
0.433
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VII. DESIGN AND ANALYSIS

The beams rvere designed and anal-yzed in accordance with the ''ACI

Buílding Code for Reinforced ConcreËe"l. A diagram for each type of

loading encountered is drar"m below. Figure 75 applies to Ëhe core-

fílled and totally filled beams; Figure 76 to the end-filled beams;

and Figure 77 to the Lwo 16r-0 span concentrically loaded beams.

1. PERCENTAGE OF LONGITUDINAL REINFORCEMENT

PercenËages of longitudinal reinforcemerrË were kepË within the

following limiËs:

zgo , p < o.r, 
o'tl ottå 

== 
glrooo.

ty-^- ty 87,000*fy (f)
A

where p = percentage of longiËudinal steel (-gbd) .

fy = yield point of longitudinal steel, (p.s.i.).

K, = constanË, (0.85).

fl = ultiuaËe compressive strength of concreËe fill, (p.s.i.).
c

A = cross-sectional area of longitudinal steel, (irr.2).
S

b = effectíve width of beam, (in.).

d = depth of compression face to centroid of longitudínal

steel (in. ) .

2. DEFLECTIONS

Allowable deflections at midspan for shorË Êime loads are governed

by the following formula:



-101-

I

¡r** ,o*.u ,urrrl
l-ïrl

BENDING MOMENT DUE TO EEAM I{EIGHT

, 
(mcH KrPS) 

|

BENDING MOMENT DUE TO APPLIED LOAI)

(rNCn Krps)

LOADING DIAGRAM FOR COR.E_FIILED AND

TOTALLY FILLED BEAMS

FIG. 75
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ls""on ron u (*rrsj

tl
tl

4uz

P

Bt¡i

2ut9,2
3

MOMENT DUE TO [UU* tr.IEIGIIT

uroooh*a MOMENT DUE TO InuAM r^iEreHT urz
(INCH KIPS) 

I

BENDING MOMENT DUE TO APPLIED LOAD

LOADING DIAGRATVI FOR END_FILLED BEAMSFIG. 76



-103-

(KIPS)I

BENDINGIMOiVIENT DUE TO BEAT{ I^IETGHT

i (rucn rups) irl

BENDING MOMENT DUE TO APPLIED LOAD

(INCH KIPS)

LOADING DIAGRAM FOR CONCENTRICALLY

LOADED 16I-0 SPAN BEAMS

FIG. 77
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A(m.ax) = J:
360

for .L = 24 x L2 = 288 ín.

Â (max) = 0 .805 in.

and for .L = L6 x L2 = L92 ír..

A(nax) = 0'534 in'

An analysis of each type of beam follor¡s.

(-2)_

3. CORE-FILLED BEA]VIS

(a) Flexural ComputaËions

From the exterrial loading diagram (Iigure 75),
^"2

M. =e6P+3YL G)"tesË 2

where lul. = maximr:m external bendíng moment resisted by beam, (in.k.).
tESË

P = maximum third poinË load applied, (k.).

w = self weight of beam, (k/ft.).

L = lengËh of beam centre to cenÈre of simple suppoïts, (ft.).

The ultiuate flexural capacity is determined by

Af (d-9)
lvl = t Y... z' (4)u 1000

where lul = ulËimaËe u.oment, (in.k.) .u

Af
" = o*FjË-- (5)

m

= depËh of compression zone.
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ft = ultimate compressive strength of mortar (as determinedm

from 4" cube test.s), (p.s.i.).

b = effectíve width of beam at criËical section, (in.).

Values of lul. and M are listed in Table 24.test u

(b) Shear

The assumpËion made here is that the vertical concrete cores

carry virtually all the shear forces. This was verified by the per-

formance of Beam l. Using Ëhe concept of horizonËal shear f1ow,

VO- test'
1000 r (6)

where vb = horizonxaL shear flow at. the critical secËion (i.e. the

neuËral axis), (lb./in.).

V = P +'L'test 
2

= maximum shearing force in the beam (at ultimate load, (kips).

Q = Ati, (second moment of area about neuËral axis), (irr.3).

At = area of concrete above neuËral axis, (irr.2).

y- = distance between cenËroid of Ar and neuËral axis, (ín.)

I = momenË of inertia of core secËion abouL neuÈral axis, (irr.4).

The horizonËal shear stress acting across Lhe core was then found

by dividing the horizontal shear force by Ëhe core area
V

"" = ¡L- (z)
core

where A^^--^ = area of concrete plus Ëhe Ëransformed area of verËicalcore

steel in the core.



-106-

Finally, the

TabIe 24.

.vHratio ¡:r was computed for each beam and
c

tabulaËed

FIG. 78 CROSS SECTION OF BEAM THROUGH CONCRETE CORE

The horizontal shear force at Ëhis section is then obËained by

multiplying by the span of beam carried by each core.

V"=vbxS (8)

where V" = horízontal shear force, (lbs.).

S = core spacing = 48 in.

Note Ëhat in the Êwo beams in which intermediate cores \¡rere

poured (Beams 2A and 3A) the original cores were already broken and

therefore consídered ineffecËive.
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4. END_FILLED BEAMS

(a) Flexural CompuËations

From Ëhe exËernal loadíng diagram, (figure 76),
zwr.L2 

zM. =96P +-+-*w." (9)"tesË 3 " t¡r2

where w, = self weight of beam in end third regions = .382 kips/ft.

w, = self weighË of beam in central third, (kips/ft.).

The ultimate flexural capaciËy is again determined by formula (4)

",r=o"r, 
(u-þ (4)

Values of Mt""t and M' are compared in TabLe 24.

(b) Shear

The shear stress carried by Ëhe concreËe at ulÈimat.e load is de-

Ëermined by the ACtl forrnula for shear and diagonal Ëension:

( pv---d ì

'",, = lt.t 4 + 2,soo -'* S 3.s '{l (10)

¡ resË )

where v_ = shear sËress carried by concrete aË ultimate load at thecu

critical section, (p.s.i.).

VËesr = P * 8w, * 4wrr (kips).

The shear force carried by Ëhe concrete at ultimate load, V"rr, i"

then found by fornufa (1f).
v brd

v = cu (r1)cu 1000

where br = width of poured-in-place concreËe = 4.88 in.

V- = shear force carried by concrete, (kips).
cu
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The shear carried by the verËical shear reinforcement is deter-

mined by
A fvd

Yr = -JL 
'-

u ro00s (J2)

where A-- = area of r¿eb reinforcement wiËhin a dj-stance S, (irr.2).v

fy = yield strength of shear reinforcemenË, (p.s.i.).

S = spacing of vertical shear reínforcement., (in.).

The total shear capaciËy of the beam is t,hen Ëhe sr¡m of Ëhe shear

carried by the concrete and reinforcement.

V =V- *Vr (13)ucuu
where V, = ËoËal ultímaËe shear capacity, (kips.).

u

5. TOTAILY FILLED BEAMS

(a) Flexural Computations

For the 24t -O span beams, formula (3) is again used Ëo determine

Ëhe maxímum bending moment

. n--o2
Mr,esr, = g6P + !+ (3)

For the 16r-0 span concenËrically loaded beams, the toading clia-

gram of Figure 77 is used to obtain the following formula:
^^2M. =4BP +tY:ËesË c ¿ (14)

where P_ = cenËre point load, (kips).
c

For both spans, the ultimate flexural capacit.y is again deËermined

by formula (4),
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"r=o"t, G-þ G)

where
Af

" = o¡5ËJ¡ (rs¡
c

Values of !lr, æd Mt."t are again compared in Table 24.

(b) Shear

The Ëotal ultimate shear capacity of these beams is deËerrníned by

Ëhe same method as used for Ëhe end-filled beams except ËhaÈ vr"", is

Ëo be Èaken as

vËest ='*ry
for Ëhe 24t-Q span.beams and

P

vr"". = ;. ry
for Ëhe 16I-0 span beaus.
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VIII. EVALUATION OF TEST RESULTS

A compleËe sulmary of the t.est results is listed Ln TabLe 24, rn

Ëhis table, a comparison is made between the theoretical ulËimate

capacit.ies of the beams and Ëhe acËual Ëest results. Table I entitled

Beam summary outlines the physical properties of each beam and is re-

peated in this secËion for convenienË reference in conjuncÈion with

TabLe 24.

1. COI{PARISON OF EXPERIMENTAL STRENGTH TO ULTIMATE STRENGTH THEORY

Shear was the governing mode of failure for each core-filled beam.

rn each case, Ëhe maximum bending momenË reached, Mtest, \¡ras well below

the ulËimate moment Mrr. rn Table 24, tl.e value vH represents Ëhe hori-

zontaL shear sËress in the concret,e cores at failure. A percentile
vr

ratio of Ë is Èhen lísted for each core-filled beam. These percent-
c

ages range from 15.9 to 5L.2"/" with an average value or. 27.9% (not in-

cluding the totally unfilled beam, Beam 1). Thís compares reasonably

well with the findings of other researchers. OrchardT states that, ¡he

shear strength of concrete has been found Ëo range between L2 to 90% of

the compressive strength by previous researchers.
vû

In order to obtain a further comparison of the ¡# ratio which would
c

be more relevanL, Ëhree direcË shear tesËs !¡ere run on core-filled

blocks as outlined in the Appendix. These tests yielded a ratio of

shear sËrength to compressive sËrengËh of concret.e of 23.1"/..

This value agrees very well wiËh Ëhe ratio of 27,9% obtained. from



NO. u test.
(rN. KIPS) (rU. KrPS)

1

2
2A
3
3A
4

5

2
2
2
2
2
3
3

235
210
210
360
210
350
300

STN4MARY O^F BE'AT{ RESULTS

A. CORE-FILLED BEAMS

TABLE

191
866
839

1,016
1,344

702
836

test
(KrPS )

24

NO.

7
7A
()

BA
9
9A

M
u

(IN. KIPS

V
H

(P.s.r.)

2.7
9.7
9.6

11 .2
15.0
8.2
9.6

2
4
2
4
2
3

850
290
630
290
520
200

46
805
719
844

1 ,130
597
665

H

ETc
(%)

M
test

(TN. KIPS)

B. END-FTLLED BEAMS

EFLN. A
ULT. LOAD

(rN. ¡

2
22
32
20
51
1s
24

2,95.0
3,850
2,760
3r640
2 t2B0
2 t560

3
2
7
4
2
9
9

\/
cu

(KTPS

3
0
0
0
0
0
0

MODE
OF

FAILURE

0t
237
519
626
589
082
121

22.7
23.4
23.t4
23,4
22.4
24.5

vr
u
K]PS )

29.

shear
shear
shear
shear
shear
shear
shear

\/
u

(KTPS )

29
19
19

9
9

4
4
5
5
B

B

52.1
52 .8
42 .9
42.9
32.2
34.3

test
KIPS

31
41
29
3B
24
27

DEFLN. AT
ULT. LOAD

80
10
80
90
BO
BO

( TN.

687
827
805
719
622
607

OF
FAILURE

I
ts
ts
H
I

flexure* *
shear
f l-exure* *
shear
flexure* *
f l-exural- * *

-shear



BEAM
NO.

}T
u

(rN. KÏPS

1A
6
6B
9B

3
4
4
4

300
140
260
250

M
test(TU. KIPS

TABLE

*
{< ,<

C.

69s
2,830
3 t820
4 t220

(continued)

TOTALLY FTLLED BEAMS

Estimated
Flexural
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KIPS)

24

26.2
22 .4
26.2
26.8

deflection
failure occurred by crushing of concrete bl-ocks and mortar
courses.

VI
u

(KTPS

0
0
0

Vu
(K]PS

9.8

26
22
26
36

2
4
2
6

test
:KTPS

B

30
35
45

ULT. LOAD

4

6
1

6

.AT

IN. )

0.365
0.537
0. 420
0.433

MODE
OF

FAILURE

shear
shear
flexural-shear
flexural-shear
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N)
I



-113-

Ëhe beam Ëests. Thus, on Ëhe basís of the shear Ëo compressive strength

ratio, the experimental capacities of the core-filled beams are closely

approxlmated. by theory. FurËhenlore, both seËs of tesËs indicate that

Ëhe shear strength of concreËe as anaLyzed. by the ACr codel ís quite

conservative. The Code lí¡nits concrete shear strength not Ëo ex-

ceed 3 .5 /{ The tesËs carried out herein show that the shear strengthc

is about 257" of Èhe compressive strength.

The hollov/ beam, Beam I had a comparaËively low horizonËal shear

sËrengËh of 46 p.s.i. rn effect, this was Ëhe shear sËrength of Ëhe

mortar which held the blocks together. This value is justified by Ëhe

fact thaË Ëhe sËrength of Ëhe mortar in shear is exËremely 1ow as d.is-

cussed in the Appendix.

This first series of beams pointed out a need for greaËer resisË-

ance to shearíng forces. Beams 2Ã and 3A contained inËermediate cores

which were keyed int.o the bottom course of concrete. The facË that

shear to compressive strength ratios were highesË in Ëhese two beams

emphasizes the fact that a lack of conËinuity between the boËtom course

and the core concrete in the other beams of series I was an obvious

weakness. Consequently, the nexË series vras filled monoliËhically.

By ËoËally filling Ëhe end portions and using more shear reinforcing,

it was hoped ËhaË the shear capaciËies of these beams would be múch

higher.

As a resulË, the applied loads doubled and Ëripled in the end-

filled beams. rn fact, Ëhe shear resistance of Beams 7 and B was suf-
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ficiently high enough Ëo induce flexural failures. These occurred by

Ëhe crushing of the blocks and morËar in the centre of the Ëop courses.

In both of Ëhese beams, the theoretical ulËimaËe flexural capaciËies

$/ere surpassed by 100 and 150 inch kips. Beam 9 did not yeË reach

íts ultimaLe flexural capaciËy when crushing occurred in one of Ëhe top

mortar joints. rt vras, however, not far from t.he ultimate value at

Ëhis poinË, and Ëhe premaËure crushing could have been due Ëo a slighË

inconsistancy in this joinË such as a narrower width, a piece of aggre-

gate, a large air void, etc.

The resulËs of Beams 7, 8 and 9 shor^r Ëhat the flexural capacity of

masonry beams can be quite accurately predicted by ultimate strength

theory.

Beams 74, BA and 9A had their top cent,ral courses fílled in order

to sËrengthen the flexural capacity of Éhe beams and attempE to study

the shear capabilities. As listed in Table 24, Ëhe maximum shear force

in each of these beaurs at failure üras belor¿ their estimated ultimate

values. It musË be emphasized here ËhaË in each of Ëhese beams shear

failures occurred in Ëhe end which was lasË filled with concrete. As

staËed in Part III, Ëhe concrete poured into this end of the beams was

extremely sEiff, had a slump of less Ëhan Ëwo inches and could not be

Ëhoroughly vibrated. An íllusËration of this concrete is shov¡n in

Figures 52 and 57. rt could be seen that liËtle or no bond with the

reinforcing sËeel was achieved.

This poor quality concreËe musË be atËribuËed a major factor in
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the under ulÈímate capacity of Ëhese three beams. I^Ihether or not Ëhe

shear resistance would have equalled Ëhe predicted ultimate values if

Ëhe concreËe fill was uniform throughouË remains a question.

Perhaps a partial ansr¡rer to this can be found by examining the

performance of the totally filled be¡ms. The resulËs of Beam 1A cannoË

be Ëaken into consideration because the botËon course of Ëhis beam was

poured separately and undoubËedly damaged severely when the beam was

Ëested as Beam l. NeverËhe1ess, a comparíson between Ëhe ultimate and

experimental shear values (v,, and vr."t) of Beams 6, 6B and 9B supporËs

Ëhe hypoËhesis Lhat the shear capacity of end-filled masonry beams is

aË least that predicËed by ultinate sËrength Theory. Beam 98 which

failed in flexural shear also reinforces Ëhe fact that Ultimate SËrengËh

Theory can be used Ëo accurately analyze t]ne flexural capacity of the

beams.

t DEFLECTIONS

The amount of.deflection at midspan at full load ç;as less than the

ACI allor¡iable value in a1l but Ëwo of Ëhe beams. The allowable value

of 0.805 inches r4ras greatly exceeded in Beam l and only slightly ex-

ceeded in Beam 74. very low shear strength of morËar is cíted as Ëhe

maÍn reason for Ëhe great deflecËion in Beam l.

The load deflection curves in Part VI show thaË qrhere the rnode of

failure was shear, the beams having shear reinforcing vrere more ducËi1e

than Ëhose without. HighesË deflections were observed in Ëhe end-
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filled beams. In beams 2A, 3A and 5, hígher deflecËions v/ere recorded

at one of Ëhe load points than at mid.span.

The beam.s which failed in flexure by crushing of blocks and mortar

had almosË srraighË line load-deflect,ion curves. This is character-

istic of the briËtle failures. rn comparison, the two beams which

failed by flexural shear (Beans 68 and 9B) were noticeably more ductile

near ulËímate load.

Lateral buckling T¡ras riever a facËor ín these tests, although

several bottom bearing failures appeared to take p1ace. An analysis

of the bearing strength of the beams shows ËhaL these r^rere riot acËu-

ally bearing failures but a continuat.ion of the diagonal Ëension cracks.
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IX. CONCLUSIONS

From Ëhe test results and foregoing analysis, a number of conclu-

sions can be drawn. In view of the fact that. seventeen beam tesEs vrere

performed r some of the statements made herein are of a tentative nature.

lilhile the test results seem in many respects to \¡rarrant definiËe con-

clusions in vier¿ of Ëheir uniformity, in oËher respects an element of

personal judgmenË enters into the interpreËatíon, particularly as re-

gards the concept of shear capacity of the beams.

(1) The beams of Series 2 which failed in flexure show ËhaË Ëhe flex-

ural capacity of rnasonry beams can be accurately anaLyzed by ulti-

mate SËrength Theory under the trACI Building Code for Reinforced

Concrete. t'

(2) As indicated in the Evaluation of rest ResulËs, Ëhe core-filled

and totally filled masonry beams could be safely anaLyzed wiËh re-

spect to shear sÈrengËh by Ultimat,e Strength Theory. The end-

fílled beams were slighËly less than the predicted u1tímaËe shear

values. Hor¡ever, iË is the authorrs opinion thaË this was caused

by poor quality concreLe and that Ëhe shear capacities of these

beams also meet the ultimate predicËions.

(3) The end-filled beams of Series 2 sËress Ëhe necessiËy for using a

hígh slump concrete and providíng Ëhorough vibraËfon of concrete

fill in masonry beam consËrucLion. A slump of seven to nine

inches is recommended.

(4) Uniformity of concreËe within the block courses is also essent.ial.
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Inlhere uronolithic pours are noË feasible, care should be taken to

join dífferent pours togeËher by shear keys and reinforcing dowels.

(5) 0n1y Ëhe in-filled sections of the beams can be considered effect-

ive for shear. As indicated in the Appendix, a higher bond strengËh

morËar would be required in order that the full cross-sect,ion con-

cieËe, block and uortar could be considered to work in unity to

resisË horizonËal shear forces.

(6) Portions of Ëhe masonry beam can be left hollow and seemíngly

virtually open t,o allow for doors, wíndows and other openings.

This is verified by the end-filled beams.

(7) Totally unfilled concrete block beams are strucËurally inadequate

r.Ihen normal mortar is used. This type of member may be greaËly

strengthened by using a mortar which is capable of resisting high

bond, shear and compressive forces. UnfortunaËely, it. has been

Ëhe role of industry to manufacture mortar cemenËs which are use-

ful only for non-load bearing elements. Hopefully, Ëhis will be

changed by present technology.

(B) Síx Ëests on masonry beams with concrere fill in one core every

forty-eight or twenty-four ínches and three direcË shear tesËs on

concreËe filled block samples indicaËe thaL Ëhe ratio of shear to

compressive strength of concreËe is 0.25. This is conÈrary to Ëhe

relaËionship between these Ë$ro strengths in the ACr co'de for Re-

inforced Concrete which states that the shear strength of concreËe

shall not exceed the value of 3.5 /1T .
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APPENDIX

Due to Ëhe high frequency of shear failures

Ëests were performed on mortar and concrete. The

tain a comparíson with shear st.rengËhs displayed

in the beams, shear

purpose rras Lo ob-

in the beam tesËs.

},TORTAR SHEAR TESTS

rn Ëhese tests three 2tt x 4tt x 8" concrete bricks were morLared

ËogeËher and test,ed in double shear. Each brick had one flat síde and

one side that had a r r/4" wide by 1/4" deep groove. The bricks.r¡rere

always laid flaË side to grooved side.

various portions of masonry cement., porËland cemanË, fine sand*,

coarse sand, and pulverj,zed lime were mixed togeËher to mal¡s nine dif-

ferenË mixüures. For each mixture, three samples \nrere Ëested for she.ar,

one for compression and Ëwo 4ttx 4t'cubes \¡rere also Eested in compres-

sion. A1l Ëests were performed afËer thirteen days of dry curing.

A phoËograph of the shear test is shor^m in Figure 79. The re-

sult.s of these tesËs are listed in Table 25. From three compres.sion

tesËs, Ëhe compréssive sËrength of the concreËe brick was found Ëo be

5,350 p.s.í.

MorËar type 1 represents Ëhe Ëype used ËhroughouË the be¡m s6n-

sieve analyses of Ëhese sands are perforned in Figures 26 ar.d 27.



MORTAR
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TABLE 25
SHEAR AND COMPRESSTOT\] TEST RESULTS oN MORTAR

TYPE (PARTS OF OF PRISMS (P. S.i:'-' (P. S. T. ) STRENGTH (P. S.I. )MATERTAT,) t Þ_ Av9-. 9€l Tests Avg. of 2 Tesrs

1 lime

3 6 fine sand 2,3502 port. cement
1 lime

1 3 fine sand
1 mas. cement

2 6 coarse sand
2 port. cement

6 coarse sand
2 mas. cement
1 l-ime

6 coarse sand
1 mas cement
1 port. cement
1 l-ime

3 coarse sancl
1 port. cement

3 coarse sand
1 mas. cement

3 coarse sand

2,530

2,850

2t170

2 ,530

2,710

i6.B

30.5

22.5

14.0

27 .3

68.8

29 .6

28.3

1,480

2 ,140

2 t330

1 ,030

1 ,610

4,100

1t940

1 ,150

2,340

400

2,280

2,380
1 port. cement
1 l-ime

6 coarse sand. 21750
2 port. cement
1 l-ime
(wet bricks )

plaster of paris 2,500

26 .0

1 09.0
10

COMPRESSIVE STRENGTH OF TESTS) =CoNCRETE BRTCKS (AVG. oF 35r350 P.S.r.
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sËruction. rË is evident Ëhat Ëhis type of mortar has a.very low shear

strength. Type 6 (3 parts coarse sand, I part portland cement) had a

shear strengËh of 68.8 p.s.i. -- far beyond any of Ëhe oÈher mortars.
For practical applicaËions, thj.s type is noË favourable because of the
rapid seÈting Ëime. For this reason, masonry cement or rime addÍtive
have been used Lo increase Ëhe "board ti.u.e'of Ëtrc morÊar. ArLhough

they pro1o48 the setting t,ime, these ËesËs poinË out that mortars l¡hich
contain Èhese maËerials are unsaËisfactory for structurar members.

rn all morËars, except type 6 , the f ailure r¡ras one of rack of
bond betv¡een morËar and brick rather than a shearing through the mor_

tar ' A typical bond f aj-lure is shornm in Figure 80 while Fígure 81 shor¿s

the shear plane through mortar and brick for the type 6 mortar.

From Table 25, it can be seen that there hras no correration be-
tvreen shear sËrengËh and compressive strength of the Ëhree brick. high
prisms' There was, however, a direcË relaLionship between shear strength
and cube cornpression sËrengËh.

The maximum allowable shear stress for plain and reinforced masonry

ín the NBC - Lg7o6 is based on the prism. sÈrength of masonry units. rn
viev¡ of the above tests' a more meaningful deËerminaËion of allowable
shear sËress wourd be on the basis of Ëhe compressive strength of mor-
tar cubes.

clearly, the requirements of a satisfacËory morËar for strucËural
applicaËions are:

(1) sufficient compressive strength
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TYPICAL BOND FAILURE IN SHEAR TEST

FIG. 81 SHEAR FAILURE OF MORTAR. TYPE 6
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(2) sufficient shear strength

(3) sufficiently long "board Ëime".

FurËher research is required t.o deyelop a mortar which meets these

requirements.

CONCRETE SHEAR TESTS

The purpose of these tesËs üras Ëo obtain a raËio of shear strength

of concreËe to compressive strength which could be related to Ëhe aver-

age value of 27 ,97. Í.rom the core-filled beam tesËs.

Three direct shear t.ests hrere run on core-filled sËandard blocks.

fn each sample, three blocks were laid one on top of the other and a

thin layer of polyethelene r'/as seË beÉween the. joinË faces to rainimize

frictional resistance. Both cores rúere filled with Ëhe same concreËe

mix as used in Ëhe beam tests. The samples were allowed t.o cure 14

days and then test.ed in double shear as sho\,'m in Figure 82. Each block

had one f laË end r^rhich \¡ras used as a bearing surf ace. The results are

1ísËed in Table 26. In deËermíning the shear strengËh, t,he force aË

which the small core area failed r¡ras used. The failure of the larger

core area was not purely shear. This occurred wiÈh Ëhe uriddle block

totally unsupported and it was evident that considerable bending stresses

$rere presenË. Comparative failures of the small core area (shear) and

the large core area (shear plus bending) are shown in Fígure 83.

Thus, on the basis of these tests, a ratio of shear Ëo compressive
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sËrengËh of concrete of 23.7"/" was found. Th'ts value. is very close Ëo

Ëhe ratio of 27.9% as obËained fror¡. tlr-e beam tests.
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Ê toa¿

standard
blocks

I["x7]"*lo" steel B.

concreËe
cores

steel plates

FIG. 82 DIAGRAI"T OF SHEAR TEST ON CONCRETE



-L28-

TABLE 26

SHEAR TEST RESULTS ON CONCRETE

COMPRESSIVE STRENGTH (èJ/G. OF

2 ,360 P. S. r. AT 14

4 CYLINDER TESTS) :

DAYS

SPECTMEN FAILURE LOAD
OF SMALL
HOLE SIDE

(POUNDS )

FAILURE LOAD
OF LARGE
HOLE SIDE

(POUNDS )

NO.
ULTIIV1ATE V

SHEAR STRESS CU

IN CONCRETE FÎ_
v (P.S. r. ) .:.cu l"/, )

1

2

3

23,000

23,500

21 ,7 g0

36,900

37,940

34,800

AVERAGE =

564

s77

53s

559

23.7

24 .5

22. B

23.7




