
to

AN IIIVTSTIGATION OF

BLOCK-FORMID STRUCTURAL

MIMBTRS

A Thes'is presented

the Faculty of, Civ'il EngÍneeríng

The Uni vers i ty of ttlani toba

In Partial Fulfillment

of the Requ'irements for the Degree

Master of Sc'ience in Civi'ì Eng'ineering

by

R j chard Li nton Vere Edghi 1'l

January 1971

-Æ*
.¡iUE. U ¡J/ i¡,r- :..,

. _ --'---- "d,1.'t.
o t, NI,:,,; .ì . o,

,/:. ----a"ll I (J
^(/ , ------ b ¡i !

í1 ofli, :ì¿-^-, .,r,:.ì: '' ;j.._.j,i;ù[ ì !l)':"



Reìrori of Thesis E:<amincrs

îI]IS iS TO C¡IRTIFY
t.ire MasÈcr's ( x)

TIL\T EIie ¡lieinberri oil
Ph.D. ( ) rhesis

Lrrr.: cli¿.rrìri.irin¡ u[¡i,Jì¡i ; t,-,j
UI .

af,

Ricþard L. V. Edehill

Major Subjcct Strucrural Engíneering

Thesis TiÈ1e An ïnvestigation of Block-Formec

SËructural Members

have read the thesis and are unanimously agreed. that i.c slioi¡-c
*-- J ^ J
u,Ádses

. Anlroveri
(approved cr rejccred) / "t',

DaËe Januqly 26, L97I



ACKNOI.ILE DGTMENTS

The author lvi shes to expres's hi s si ncere appreci ati on to the

folloljng for their help'in the preparation of this thesis:

R. Lazar, A.ssociate Professor, Department of Civil Engineerìng,

the University of Manitoba, for his jn'ûerest and acl,¡ice in carry'ing out

this thesis.

Dr. A. M. Lansdor,vn, Head of the Civ'il Eng'ineering Department,

University of Manitoba, for h'is advice on the presentation of this thesis.

Mr. Ben Amos for his interest and assistance in obtaining the

materi al s.

The technicians in the Civil Engineering laboratory, 
.

Mr. Eduard Lemke and Mr. Jan Rodenhuis in particular; for their assistance

in the construction and testing of the members.

Kornovski and Kell;or Nlasonry Ltd., for their generous grant

which made this thesis possible.

Tallcrete, Supercrete and Dom'inion Brìdge, for donating the

materi al s .



TABLE OF CONTENTS

CHAPTER

I.

II.

Mas on ry

I NT RODU CT I ON

Object and

History of

E arthqu ake

Scope of Investigation

Masonry Construction

Resi stance of Re'inforced

PAGT

1

2

3

6

ôo

9

11

1i

11

13

13

13

19

2T

2I

23

2B

28

35

46

46

¿+o

51

52

Advantages of

Experi mental

THE TEST PROGRAM

Rei nforced

Background

Mas onry

Selection of Members

(a) Beams

(a) Beams

( a) Beams

(a) Beams

(b) Ìl.lal I

TEST RESULTS

( a) Beams

(b) Wal I Secti ons

Material Properties

(b) hlall Sections

Construction of Members

(b) l,Ial I Sections

Testing Arrangements and Procedure

Secti ons

III

General Modes of Failure

Des'i gn

Shear

and Anaiysis

Capacìty of Concrete



CHAPTER

ViI

B IBL iOGRAPHY

I ndi

EVALUATiON OF T

( a) Beams

vidual Behavior

Shear Capac'ity of Web Reinforcenrent

Al lowable Mìdspan Deflection

Ind'ividual Behav'ior

(b) l^Jal I Secti ons

Mode of Fai I ure

Analysi s

PAGE

53

53

53

65

65

66

69

73

73

7B

84

B6

87

B8

90

IV. TST RESULTS

(b) l,lal I

CONCLUS I ONS

Secti ons

V.

VI . RECOMMENDED DTSIGN AND

CONSTRUCTION PROCEDURES

SUGGESTED FUTURE RESEARCH

APPENDI X



LIST OF TABLES

TABLE

I Concrete Bl ock Co

II Concrete Cyf inder

IIi S'ieve Analysìs of

IV Mortar Cube Test

ViI Concrete Cylinder
(t.lal I Secti ons)

mpression Test Data

Test Data (Beams)

Mortar Sand

Data (Beams)

PAGE

40

47

40

42

43

44

V Physicai Properties of the Reinforcement

Vi Reinforcing Bar Schedule

and Mortar Cube Test Data
45

74VIII Summary of Beam Properties and Test Results

IX Summary of l,Jall Section Properties
and Test Results

X Test Data for Beams 1 and 2
Load-l4idspan Deflection Results

XI Test Data for Beams 3 and 4
Load-Midspan Deflection Results

XII Test Data for Beams 5 and 6
Load-Midspan Deflection Results

XIII Test Data for Beams 7 and 8
Load-Midspan Deflection Results

XIV Test Data for Beams 9 and 10
Load-Mi dspan Defl ecti on Resul ts

XV Test Data for Beams 11 and 12
Load-Midspan Deflection Results

XVi Test Data for Beam 14
Load-M'i dspan Def I eôti on Resul ts

XVI I Test Data for Beam 15
Load-Midspan Deflection Results

XViII Test Data for Beam 16
Load-Mi dspan Defl ecti on Resul ts

XIX Test Data for Beam 17
Load-Mi dspan Deflection Resul ts

79

93

96

99

r02

105

109

714

115

119

720



TABLE

XX Test Data for Beams 13 and 18
Load-Mi dspan Def I ect'ion Resul ts

XXI Test Data for Beam 19
Load-Mi dspan Defl ecti on Resul ts

XXII lest Data for Beanr 20
Load-iylidspan Deflection Results

XXIiI Test Data for Beam 21
Load-Mj dspan Defl ection Resul ts

XXIV Test Data for Beam 22
Load-Midspan Deflection Results

XXV Test Data for Beams 2I and 22
Load-Lateral Deflection Results

XXVI Test Data for Beam 23
Load-Mi dspan Deflection Resul ts

XXVII Test Data for Beam 24
Load-Midspan Deflection Resul ts

XXVIII Test Data for Beams 23 and 24
Load-Lateral Deflection Results

XXIX Test Data for Beam 25
Load-Midspan Deflection Results

XXX Test Data for Beam 26
Load-Midspan Deflection Results

XXXI Test Data for Beams 25 and 26
Load-Lateral Deflection Results

XXXI I Test Data for l^Ial I Section 1

Load-Lateral Disp'l acement Results

XXXIII Test Data for þlall Section 2
Load-Lateral Displ acement Resul ts

XXXIV Test Data for Wall Sect'ion 3
Load-Lateral Disp'lacement Results

XXXV Test Data for Wall Sect'ion 4
Load-Lateral D'ispì acenrent Resul ts

XXXVI Test Data for Ì,JallSection 5
Load-Lateral Dispìacement Results

XXXViI Test Data for hlall Section 6
Load-Lateral Dispìacement Results

PAGE

123

726

727

131

133

135

139

I4I

142

146

r47

148

153

155

757

i59

161

163



LIST OF FIGURES

FI GU RE

1 Beam Detai I s

2 Wal I Secti on

3 Bl ock Detai I s

4 Concrete Bl ock

and Photograph

In 300,000 lb.

Detai I s

PAGE

72

T4

15

16

iB

20

20

24

25

26

27

27

29

30

31

JJ

33

34

36

Testi ng Machi ne

5 Concrete Cy'l i nder
Testing Machine

In 300,000 lb.

Mortar Cube In 60,000 1b. Testing
Machi ne

9

10.

Steel Reinforcement Under Tension Test
In 200 ,000 I b. Ri el e Testi ng t'lach'ine

Beam Under Construction Showing Steel
Rei nforcement

Interior of Beam Showing Cores
A'l i gn'ing Vertì caì 1y

interior of Beam Showing Cores A'lìgning
Dì agonai 1y

1i

12

Wal I Se ctí on Show'i n g

Interior of l,lall Sect
Alígning Verticaìly

Method of Construction

ion Showing Cores

15

16

13

t4

Wall Section Showing Horizontal Core

l^lal I Secti on Showing Method of Concrete

Openi ngs

Pl acement

Beam Loading Shear and Bending Moment Diagrams

Jack, Load Cell and Load-Bearing
Supports in Posi tion

Tes t Frame t¡Ií th Beam I n Pos i ti on

Beam Test Frame Details

t7

18

19 l,Jall Sectíon Frame Details



Fi GURT

20 Test Franle W'ith l,Jall

2I Calibration Curve for

Vi. i

PAGE

37

39

Secti on 'i n Pos i ti on

22 Interior of Beam after

400 kip Jack

Di agonal
Tension Failure Showing Bond Between
Concrete Bl ock and Fì I I

23 Load-Deflectjon Curves for Typical
Shear and Flexural Failures

Typi ca'l Beam Fl exural Fa'i I ure24

25

26

27

28

29

30

31,

32

JJ

34

35

36

37

3B

39

40

4T

Typical Beam Shear Failure

Transformed Beam Section

Wall Section Gauge Displacements

0verall Víew of Wall Section During
Fai I ure Showi ng Concrete i n A'ir

Top Portion of Wall Section During
Fai I ure Showi ng Comp'lete DestructÍ on

Transformed Wall Section

6B

4B

49

50

50

51

66

67

69

76

81

81

82

9i

92

92

94

95

95

Beam Compression Face Showing

l,Jall Section Top Bearing Area

WalI Section Bearing Effects

Cracked Zone of l,lal I Secti on

Details and Load-Deflection Curves for Beams

H-Bl ock

land2

Beam 1 Showing Fìexural Failure

Beam 2 Show'ing F'lexural Fai I ure

Detaíls and Load-Deflection Curves
For Beams 3 and 4

Beam 3 Showing Flexural Failure

Beam 4 Showjng Fìexural Failure

Details and Load-Deflection
Curves for Beams 5 and 6 97



FI GURE

42

43

44

4B

49

50

51

Beam 5 Shor,¡i ng Shear Fai I ure

Beam 6 Shovrjng Shear Fa'ilure

Deta'i l s and Load-Def l ecti on Cu rves

Ll-

PAGE

98

9B

100

101

101

103

104

104

106

707

108

108

110

111

1i1

7r2

113

i16

TT7

r77

118

118

tzI

45

46

47

for Beams 7 and B

Beam 7 Showing Shear Failure

Beam B Showing Flexural Failure

Details and Load-Deflection Curves
for Beams 9 and 10

Beam 9 Showing Fiexural Failure

Beam 10 Showing Shear Failure

Details and Load-Deflection Curves
for Beams 11 and 12

Deta'i I s and Load-Def I ecti on Cu rve
for Beam 13

Beam 11 Showing Shear FaiIure

Beam 13 Showing Flexural Failure

Details and Load-Deflection Curves
for Beamd 14 and i5

Beam 14 Sholvi ng Shear Fai I ure

Beam 15 Showing Shear Failure

Beam 15 Shov¡ing D'iagonal Tension Crack

Beam 15 Showing Separation of End Block

Details and Load-Deflection Curves
for Beams 16 and i7

Beam 16 Shorving Shear Faílure

Beam 17 Showi ng Shear Faí I ure

52

53

54

55

56

57

58

59

60

61

62

63

64

Beam 16 Shorving Dìagonaì Tension

Beam 17 Showjng Díagonal Tension

Details and Load-Deflect'ion Curve
for Beam 18

Cra ck



FI GURE

65

66

Beam 18 Showing Shear Fa'ilure

Details and Load-Deflection Curve for
Beams 19 and 20

Beam 19 Showj ng Shear Fai I ure

Beam 20 Showing Shear Failure

Details and Load-Deflection Curves
for Beam 27 and 22

70 Beam 21 Showing Shear Failure

7t Bean 22 Showing Shear Failure

'ing Diagonal Tension Crack

i ng Di agona'l Tens i on Crack

Load-Def I ect'ion Curves
and 24

75 Beam 23 Showing Shear Failure

76 Beam 24 Showing Shear Failure

77, Beam 23 Showing Diagona'l Tension Crack

78 Beam 24 Showing Diagonal Tension Crack

79 Detaíls and Load-Deflection Curves
for Beams 25 and 26

PAGI

r22

724

125

t25

I2B

r29

129

130

130

i36

r37

r37

i38

138

143

144

144

145

145

r49

151

151

t52

67

6B

69

72 Beam 21 Show

73 Beam 22 Show

74 Details and
for Beams 23

BO

81

82
I

o1OJ

B4

B5

B6

87

Beam 25 Showing Fìexural

Beam 26 Showing F'lexural

Beam 25 Showing Tension

Beam 26 Show'ing Tens'ion

Failure

Fai I ure

Cracks

C racks

Load-Djsplacement Curves for t^lall Sections
1,2and3

Load-Di sp'l acement Curves
Wall Sections 4, 5 and 6

Load-Expansion Curves for

l^Jal I Secti on 1 at Fai I ure

for

Wall Sections 1 and 2



FI GURI

BB

B9

90

9i

92

l^lal I Secti on

lnlal I Secti on

l,^Jal I Section

Wal I Section

l^lal I Section

2 at Fa'il ure

3 at Failure

4 at Fai I ure

5 at Fai I ure

6 at Fai I ure

"f-

PAGE

154

156

i5B

160

762



LIST OF SYMBOLS

ar = length of region of constant shear

cr = angle between web reinforcement and axis of beam.

4.. = cross-sectional area of wen reinforcement
V

A^ = cross-secti onal area of 'long'i trrdi nal rei nforcement
S

b = wi dth of beam ,'

d = depth from compres'sion face to centroid o1i

longi tudi nal rei nforcement

¡(max) = maximum allowable beam deflectÍon

f. (test) = ultimate compressive stress of wall section

f. (calc.) = theoretjcal ultimate compressíve stress of

wal I section

f'. ulùimate compressive unít strength of concrete

cyì i nder

f'- = ultimate compressive'unìt strength of rnortar cubem ¡-'---'-- ---"r

fu = tensile y'ield stress of web reinforcement

f.. = tensile yield stress of longitudinal reínforcementy ¿. - - --"J'

. h = height of wall section

L ìength of beam

M = moment

p = ratio of longitudinaì steel to area of ccncrete

secti on

P(test) = applied load on beam at failute

P.(calc.) = load at theoietical flexural capacity of beamT'



Pu(ca1c.) = load at theoretical shear capacity of bearr

r

S

t
V

v.

V
l¡/

!v

= percentage of rnteb rei nforcenletr t

= horizontal spaciig of web reinforcement

= thi ckness of wal I sec'tion

= shear

= theoretical shear capacity of concrete section

= theoretical shear capacity of t^¡eb reinforcement

= width of wall sect'ion



1. INTRODUCTION

In recent years the concrete block has pìayed an'important role

in most types of construction" The block was jnjtia'ìly used as a cladding
'in steel and reinforced concrete construction. It carried no load but

served as an attract'ive walì or partition with good accoustic qualities.

Engi neers soon began to uti I i ze them i n I oad-bearing rval 'l con-

struction. l^lith the advent of the two-core block, it was found that by

constructing the wai'l in running bond, the cores lined up vertìcal]y.

These cores could be reínforced and filled with concrete at little extra

cost. This resulted in a wall inherently stronger under axial load with

a capacìty to resist bending and shear stresses, thus constituting a

shear wall. These advances allowed designers to introduce load-bearing

block wal ls 'into high-rìse construction.

Using the shear-wall technique, structures were designed and

bui I t wi th concrete-fi I I ed rei nforced bl ock-rval I s wi thout any other

structural framing. l,lith the increase in ductiìity due to the reinforce-

ment, these methods were also introduced into seismÍc areas. These

structunes are now common up to twelve stories'in height in earthquake

zones such as southern California.

Additional use of concrete blocks have been made in single

course lintel beams over door and window openings. Concrete blocks can

be built to almost any shape or size. There is no reason why they cannot

be used as a permanent form for any type of reinforced concrete structural

member. In addition to providìng the outer shell, it is assumed that

compos'ite action would exist between the shell and concrete fill in

resisting stresses. It is hoped that this report wilì shed some light
on the behavior of such members.
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0bject and Scope of Investigation

This investigation was conducted at the Civil tngineerìng

Testing Laboratory of the University of lulanitoba in 1970.

The purpose of the study ìs to compare, on an experìmental

basis, the behavior of concrete block-formed reinforced concrete members,

to that of a "normal" reinforced concrete men¡ber.

Block-formed components differ primarily from reinforced

concrete in that the "concrete" is supplied in three different and

distinct ways - the precast concrete in the block units, the mortar,and

the concrete fill. in contrast, oniy one more or less homogeneous

concrete is used in Reinforced Concrete construction.

To compare these two types of construction, the valjdity of

certain assumptions must be verified:

1. Unity of action exists between the block, concrete

i n proper'ly bui I t bl ock-fi I I . and the rei nforcement

formed structural elements.

2. Each indjvidual component of the construction - b'locks,

concrete fill, masonry and reinforcement - contrjbutes

to the ultimate strength of the composite construction.

The last assumption perm'its the author to design and analyse

the test spec'imens accord'ing to current codes on Reinforced Concrete.

ïn the ana'lysis, the presence of the block form is neglected and the

concrete fill assumed to cover the overall section.

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

The flexural and shear capacities of the beams are investigated along

with the axial ioad capacity of the wall sections.

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

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



it is the intention of the author to present results that could be used

for continued investígation into all types of block-formed structural

el ements .

History of Masonry Construction

Masonry construction is perhaps the oldest form of construction

known to civilized man. Masonry structures, buiìt by the ancient

Egyptians, are still standing today. The craftsmanship demonstrated by

these peopie'is truly a wonder in itself. One such structure recorded

in history is the"Pharoh of Alexandrial tfre fighthouse that stood watch

over navigators of the Mediterranean Sea, guíding them to safe harbour.

This structure was 550 feet high and the fire that burned at the top

could be seen for 35 míles. An ancient descriptìon of construction

mentions that the masonry courses were made of excellent stone and were

united by molten lead. The landmark, buffeted by the elements, stood

for 1500 years before being destroyed by an earthquake in the 13th
. lfcentury.

The dark ages of Western Civilization were enhanced by the

beauty of castles and cathedrals, some of which took over a century to

build. 0n the one hand, castles were designed to repel assaults rather

than for structura'l strength. These monsters of elegance must also have

been status symbols because history seldom recorded an instance wherein

a castle fell through the destruction of the outer walls. Castles u¡ith

walls six to seven feet thjck contribute little to the. knowledge of the

behavior of masonry structures. 0n the other hand, cathedrals were

designed to display majestic beauty. These towers of grandeur must also

have been status symbols.
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0ld cathedrals are true masonry structures; that is, they are

conrpletely devoid of metal or wood for structural support. They stand

as evidence that builders began to understand stress transfer, at least

qua'litatively if not quantitativeiy. The world sees only the edifices

that have been built and that have withstood the ravages of time and the

elements. Little or nothing is known about those that have failed during

the construction or soon after compìetion. l¡lith the passing of time,

successes and failures have molded the state of the art of masonry con-

structi on .

The genesis of the science of structures was rvith Aristotle

who correctly explained the action of the keystone of the arch as

"resisting opposing forces on alI sjdes".

Leonardo de Vinci gave impetus to the sci.ence b.y expìaining the

interacting of the elements of the arch as "a strength developed by two

weaknesses, for the ar"ch is composed of two segments of a circle, each of

which, being weak in itself, tend'bo fall.; but each opposes this tendency

in the other with the two weaknesses combinÍng to form one strength".

The classic expianation has roots in the assumed trianguìar type'loading

of masonry over iintels and also in the concept of load redistribution

as the materials in composite construction.

The combination of arches and columns was the essence of past

construction. Criteria for construction of load bearing masonry in

modern times evolved from the tradit'ionaì arch as it passed through the

centuri es .

nìy in recent times were scientific bodies established to

guide the design of structures. Official buildjng codes made their

appearance before the turn of the twentieth century. Comparing earìy
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codes with the present U.S.A. Standard Building Code Requirements for

masonry show little change in requirements in 70 years. The 1902

edition of the District of columbia Building code and the u.s.A.

Standard have essential'ly the same wall height-to-thickness requirements;

nameìy, at least 12 inches for the uppermost 25 feet and increas.ing

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

the present day wail design criteria. Not one single mathematjcal

formula perta'inìng to masonry design is to be found in either pubiication.

Reinforced masonry has been used for over 100 years. However,

it. has been only during the past 30 years that the design procedure has

been deveìoped to any extent. Reinforced masonry has been widely adopted

in two forms - reinforced brick masonry and reinforced concrete masonry.

Reinforced brick masonry 'is the technique of layìng exterior

and interior wythes with a grout collar joint in which reinforcement Ís

pìaced. It provides masonry surfaces of elements of different heights,

types, and coursing, all fncorporated into a homogeneous structure.

Reinforced concrete masonry is a type of construction ín which solid

or hollow concrete masonry units are assembled in such a v/ay as to form

continuous vertical and/or horizontal cavities within the construction.

Steel bar reinforcement is then p'laced in these cavities and the cavities

filled wìth grout or concrete so as to form a bonded composite construction,

which wíll act as a unit in resisting load and stress.

As the name 'imp1ies, reinforced concrete masonry is similar in

most respects to rejnforced concrete. it differs from reinforced con-

crete prinrarily'in that the "concrete" is supplied in three different

and distinct forms - the precast concrete in the masonry units, the

mortar, and the grout or concrete fill. In contrast, on'ly one more or

less homogeneous concrete is used in reinforced concrete construction.
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Earthquake Res'istance of Reìnforced Masonry

Masonry construction has a poor image in many locales because

of the poor perforn'ìance of some unengineered,unreinforced or unanchored

masonry. Some unrei nforced structures have shor,,ln sat'isfactory per-

fornlance ê.g., some of the massir¡e or conservatìveìy buìlt structures.

However, reinforced masonry has performed qu'ite vlelI in even the

nost severe quakes. For example, 85% of the nrasonry buìldings that I'rere

reinforced and properly tied showed no damage in the major earthquake

in Anchorage, Alurtalo A good structural comparison was found at

Elmandorf Air Force Base near Anchorage. n series of concrete masonry

warehouses, 30 feet high r,^rith four foot spacìng of reinforcement, showed

no structural di stress tr,hatsoever. Horrrever, adjacent to the masonry

structures, stood several t.i1t-up warehouses of simíjar size. Two seg-

ments of the tilt-up builcljngs collapsed and three vrere seriously damaged,

confirmìng that the quake v¡as catastroph'ic, at least to those bui'ldíngs.

Interior partitions and exterior non-load-bearing and load-bearing wal'ls

were very common in that area. It is of interest to compare the per-

formance of these walls in Anchorage wìth masonry vralls that were

observed in the city of Skopje after the July, 1963 Yugoslavian earthquake,

Extensive loss of life and property was experienced in Skopje

due to col'lapse of load-bearing masonry walls that were not reinforced

and were not t'ied structura'lly to the slabs they supported. For the most

part, these walls lvere built r¡lith lime mortar. In contrast, code requìre-

ments in force in Anchorage require that masonry ura'lls be proper'ly

reinforced.

In 140 years of

experienced 17 destructive

organi zed European

9
earthquakes. The

settlement, New Zealand has

earthquake of 1931, in
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particular, sholed those concerned rvith buiÌcling that the sìmpìe load-

bearing strucLures, traditional 'in Europe, \.,rere inacìequate .to resist

earthquake shock. There rvere many brick builcljngs in i\apier in 1931, and

those,¡¡ere largely responsible for ùhe loss of ll'fe. Not on'ly vrere they

inadequate in their design, but also in nìany cases they exh'ibited inade-

quate lvorl<nransh'ip and poor supervision of cons Lruction

For many years after the i931 earth-quake load*bearing masonry

was not allowed in New Zealand. However, a revision of Ju'ly, 1959 rein-

troduced the concept of load-bearìng masonry, but this time replac'ing the

old rule-of-thumb methods rvith rat'ional des'ign by elastjc analysìs.

Designers found new allor,vable str'esses for unreinforced masonry l'imiting.

At the same time, earthquake theory was teaching the lesson of ducti'lity

and the value of reinforcing for prolongìng the load deflection curve.

Re'inforced masonry, even for panel s, seemecl i netri tabi e. To date, several

load-bearing niasonry structures have been desìgned and built.

A popu'lar form of construction'in llew Zealand is the cavity wa11

which consists of an inner and outer leaf separated by a cavity of about

2 inches. The two leaves are connected by galvanized wire ties. The

cavity wa'11 has valuable propertìes for:excluding weather, therma'l

insulation, and sound insulation. Re'inforcenrent is invariably deformed

bars. It is used vertically in low stressed walls; and vertically 'and

horizontaliy in high stress v¡alls. Reinforcement 'is spaced at 16 ìnches

to 32 inches on centre.

There are a fevr overall factors which enhance i;he behav'ior of

reinforced masonry in seismic areas:

(1) Properly des'igned buildings perform in a dramat'ica'lly more

satisfactory rnanner compared to unanchored, undesigned
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buíldings of low factors of safety to lateral loads.

(2) The damping characteristics of masonry reduce the response

lo quakes.

(3) The natural frequency of these stjff structures may place

them in the short period range v¡here they ha.ve 'less

response to quakes.

(4) Fai I ures i n rei nforced masonry are of a ducti ì e type wh'ich

is a very effect'ive type of resistance in catastrophic

quakes. The avoiding of brittle or sudden complete failures

is regarded as very ìmportant.

Final'ly, the confjdence with which reinfonced masonry 'is used by designers

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

in their detailìng for ductility, in the qua'lity of the available materials

and in the quality of the supervision and workmanship.

Advantages of Reinforced Masonr.y

The advantages of bríck and concrete masonry are numerous.

Some important ones are:

(1) structural members are constructed in place, which

eliminates heavy duty hoisting equipment and permits

flexibility in construction due to last minute changes

'in design.

(2) All construction can general]y be performed by masons

v¡ithout the need for other trades.

(3) All materials can usually be supplied local'ly.

(4) There is no need for watertight forms, onìy sìmple

supports.

(5) The use of re'inforced concrete masonry lintel beams and

columns 'in masonry structures provides a pìeasing continuìty
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in appearance.

(6) Structural menrbers can be tjed in w'ith the )"emainder of

the nlasonFy strLrcture through continuíty of reinforcement

and concrete fi I I .

(7) Reinforced concrete maso¡rry offers as good or better fjre
protection than nlost other types of constructjon.

(B) There is excellent resjstance to crackjng and djfferential

settl ement.

( 9 ) Rei nforced masonry wal l s have good accous ti c quaf i ti es ,

with high resistance to earthquakes and at:omìc blasts.

Experimental Background

Over the last thìrty years, a nunlber of tests have been per-

formed on reinforced masonry structural menibers. They include beams,

columns, p'iers and walls under various iypes of loading, using both brick

and concrete block as the masonry component. The results of such tests

have generaliy shown that the masonry unít acts together with the fill
ín resisting loads. Results have been compared with existing codes on

Reinforced Masonry and adequate factors of safety established.

The use of Masonry beams in the construction industry has'been

'largely limited to lintels over door and windor,v openìngs. The loads and

spans 'involved are usually sma'I1. Consequentìy, research in the field

of masonry beams has been limited to short span, s'ingle course lintel

be ams

Several tests of this nature have been conducted by investi-

gators such as, Convers.f Nuy.orul%n¿ Saemannlg rnulr results indicated

that,'in general, the behavior'of rejnforced concrete nrasonry beams under

loading to failure v¡as similar to that of rejnforced concrete beams. To
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the best of the author's knor,vledge, there have been no studies involved

with beams of over one course. This leaves a large field of study open

for beams of any depth

Reinforced concrete block vralls have on'ly become popular since

the advent of the brvo-core block. This is understandable since the three-

core block tvould be quite difficult to grout, espec'ial1y in a fuli cleplh

lvalL Hoi,vever, rein'Forced grouted br.ick walIs- harle been used for many

years. Thus most of the reseaT'ch up to 1950 has been focused on rejnforced
t2 t6 22brick wal ls and columns. Investigators such as Lyse,-Plummer,-hJitney-ãnd

I

Bradshaw have tested such members for lateral loads, stat'ic racking loads

and crushing loads.

Concrete block walls have been subjected to sirnÍlar tests by
t9 2A 7 t7

such researchers as Saemann, Schneider, Scriveney', Hedstrom, Richart and

Cox? These have involved both reinforced ancl unreinforced block r^ralls.

However, all research in concrete filled block walls has been concerned

with lateral loads and racking 'loads. To'the author's knov¡ledge, there

has been no research into the behavior of such walls under axial loads.

Although a'll researchers have agreed that reinforced masonry

members do in fact behave s'imil.arly to reinforced concrete members

there has been no atternpt to analyse them as such.
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I I . THE TEST PROGRAM

Sei ecti on of Menlbers

( a) Beams :

There were two majn factors governjng the s'ize of beams.

The handl i ng and testi ng facì I i ti es a'¿ai I abl e urere of

primary concern. The modu'lar si.ze of the bl ocks avai I abl e

controlled the length in jncrements o't 16 inches and the

depth in increnrents of I inches. The width of the block

could be varied from 6 inches tô 12 inches in increments

of 2 inches. It lvas decided to Ltse an B inch w'ide block

throughout as this was most readily available. fJeam details

are shown in Figure 1.

The lengths of all beams were set at i60 incheso comprìsing

ten blocks per course. The heighis varied from cne to

fi ve courses .

Ten beams were initially bui1t. The first two were

single course beams. The next eight r,vere 2-course beams,

the only variable being the type of block used on the

second course. From these initial tests, the H-block

(see Fjgure 3) r,^ras chosen for the continuation of the

beam tests.

The remaining beanrs varied from 2 to 5 coL:rses, r,vìth the

percenLage of longìtudinal reinforce*.nt ,u.y'ing from the

mi ni mum to the rnaxi rnunl al I or¡¡ed by the "4. C. I . Code on

Rei nforced Concretei' .

The u¡eb reinforcement generaily consisted of 3/B jnches

diameter, single 'leg stirrups at 8 inches on centre. This
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reinforcement vras placed in the shear zones only.

A total of 26 beams were tested. Generally, every two

beams u¡ere identical. Beam properties and dimensions are

I isted in Table ViII (Page 74).

(b) Wal I Sections:

The size of the sections was limited by the load

capacity and clear depth of the test frame. Since the

number of sections that could be built were limited, one

size was chosen throughout. Six sections were tested.

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

16 in. wide" This size constituted a true section, in

that by constructing a waìl in running bond with blocks

16 in. 1ong, this section would repeat itself every 16 in.

There was no steel reinforcement in the wall sections,

lllall section detajls are shown in Figure Z.

Material Properties

(a) Beams:

The blocks used were suppf ied by a local manufacturer"

Nominal outside dimensions v¡ere B"xB"x16,' while the

actual dimensions were 7 5/8"x7 5/8"x15 5/8,', to alIow

for the 3/Bìn. thick mortar joint. Details and a photo-

graph of the blocks used are shown in Figure 3. compression

tests were carried out on all blocks. Resurts are risted

in Table 1 (Paqe 40) and a photoqraph of the test is shown in

Fi gure 4.

For the bottom course, the B in. lintel block was used

throughout. For the upper courses, four different type
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units were used' one for each beam type. They were the
standard brock, u-brock and 0-block. The names of the

latter three brocks were derived from their shape in pìan.

'uith 
one exception, ail units conformed to ASTM Standard

Specification (C90) for hollow, load_bearing, normal

weight masonry units. The exception was that the totar
web thickness of the O_block was Z I/Z in., I/Z in. less
than required by specifications. The cores in the brocks
occupied approximately 50% of the total volume"

concrete was suppìied thror:gh a rocar manufacturer.
Strengths between 2s00 and 3000 p.s.i. were specified
with a 3/4 in. maxímum size aggregate and a 4 to 5 in.
sìump.

From each beam casting, two compression cylinders,
6 in. in diameter by IZ in, ìong, were taken. The

cylinder compression tests were performed on the same day

as the corresponding beam test in accordance with ASTM

designation c3g-64. A photograph of a cyìinder test is
shown Ín Figure 5 and the resurts risted in Tabre II (page 41)

Mortar was mixed by a shove.l in 50 lb. batches.
Type N mortan was specified as in N.B.C. 65, with a

minímum compressive strength of 750 p.s.i. at 28 days.
The mortar was proportioned one part masonry cement to
three parts sand. Water was added until good working
consistency was achieved. The resurts of a sieve anaìysis
on the sand are listed in Table III (page 40).

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

cube compression tests were performed on the same

The

day as
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CONGRETECYLINDERIN3OO,ooo#TESTINGI\iiACHINE
FIGURE 5
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the corresponding beam test. A photograph of the cube

test is shown in Figure 6 and the results listed in
Table IV (Page 42)"

The jojnt reinforcement consisted of two #9 gage

(0.148 in. diameter) deformed steel wires with cross ties
at 15 in" on centre.yierd strength of each wire was 13g0 lb.

The grade of steer specified in ordering the rein-
forcement was Intermediate Grade Billet Bars in accordance

with ASTM specifications A15 - 62T, with deformed section

conforming to ASTM specification A _ 305 _ 56T.

Test coupons, approximatery 24 in. long were samp'red

from the reinforcement for each bar size. Each coupon was

tested for yield point, ultimate tensi'le strength, and

percent e]ongation per B in. length. Figure 7 shows a

coupon under test in the 200,000 lb. Riele testing machine

and Table V (Page 43) lists the test results.

All 'longìtudinal bars had standard 900 bends at both

ends. All stirrups had single legs and standard hooks at
both ends. The spacing for the longitudinaì steel was

limited to two 'layers of two bars each. A complete rein-
forcing bar schedule is listed in Table VI (page 44).

(b) t^lall Sections:

The materials used for the wall sections were

generally sirnílar to the beams. However, the O-block was

used exclusively in constructing the sections.

The concrete mix was designed to yield a compressìve

strength of 3000 p.s.i. at 28 days. The water-cement
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MORTAR CUBE IN 60,OOO lI TESTING MACI-IINE

FIGURE ô

STEEL REINFORCEMENT UNDER TENSION

RIELE TESTING MACHINE

FIGURE 7

TEST lN 200,OOO #



ratio was 0.57 and the max'imum aggregate size was

The batch propert'ies were:

27

3/4 in.

l^Jate rNormal -Strength
Portl and Cement

Aggregate
Fi ne Course

75 lb. 150 I b. 182 I b. 43 lb.

Th'is batch yielded 3 I/Z cubic feet of concrete. Two

batches per section were mÍxed, us'ing mixing t.imes of

about i0 minutes. The slump measured B in. to 9 in.

each tjme. The concrete was mixed in the laboratory using

a rotating horizontal tub Eirich Machine. Concrete and

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

Construction of Members

( a) Beams :

Two stages were required in constructing the beams.

The first stage involved the construction of the permanent

form with concrete blocks and p'lacing of the reinforcing

bars. The second stage consisted of filling the cores of

the form with concrete.

The beams were constructed on the level floor by an

experienced bricklayer, along with the author, using

ordi nary constructi on methods and workmanshi p. A po'ly-

ethelyne sheet was laid to prevent mortar from bond.ing to

the floor. The bottom course lintel blocks were laid in
sequence startjng from one end using a steel angle guide

to maintain alignment. Abutting ends of the blocks were

well filled wjth mortar and shoved up tight to form

joints approximately 3/B inches thick. Excess mortar was
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cleaned from the interior jo-ints at all times.

l.lith the bottom course completed, the longitudinal

steel was piaced ins'ide the form. spacers were provided

so that the reinforcing bars were exposed on all sides.

However, in the cases where two layers of bars v/ere re-

quired the two bars of the bottom ìayer were placed in a

bundle. This was necessary because of the limited space

available. For beams of only one course, the first stage

was novJ completed.

successive courses were laid in similar manner for
deeper beams. All horizontal joints were approximateìy

3/B inches thick and contained jo'int reinforcement. As

these courses vrere set ínto a bed of mortar, â level was

used in setting them. A half-block was used at the ends

of alternate courses so the vertical joints would be

staggered. The exterior joints on one side were pointed

and coated with a v¡hite latex flat paints. This was done to

improve fine crack detection. After the last course was

completed, the stirrups, where requìred, were placed in

the cores and hooked under the longitudina'l reinforcing

bars .

The forms v¡ere filled with concrete three days after

they vrere built. A rvooden though was placed on top of

the forms to prevent spi'l'l ì ng as the cores were fí I I ed.

A high-frequency internal vibrator, with a 3/4 inch head

was used to consolidate the concrete.

About B 'inches of concrete was first placed and vibrated

to ensure fjìlìng of all voids around the reinforcjng bars.
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The concrete was leveled r^rith the top of the form. Soon

after the cores v/ere fjlled, the mortar joint became

damp indicating that water fronr the concrete fill r,vas

being absorbed by the joints

The beams r,vere curecl in the laboratory at 700 F.

The exposed concrete was covered with r,,¿et burlap for four

days after casting.

Fìgure B shols a beam Lrnder constrLrction with

positions of joint, vertical and longitudìnal reinforce-

ment. Figures 9 and 10 show the interior of a four-

course beam, before concrete placement r,vjth the block

cores a1 ì gn'ing verti caì'ly and dj agonal ly respecti vely.

(b) l^Jal I Secti ons :

The v¡all sections were constructed in a pit adjacent

to the test f rame us i ng methods of rryorkmanshi p s'im'i I ar

to the beams. Since the size of the sections were only

Bxi6 inches in cross section, one 0-block constituted

the bottom course. For the second course, an 0-b1ock

uras cut in half and laid back to back in a bed of mortar.

Both horizontal and vertical joints lvere made 3/B inch

thick. Figure 11 shows a photograph of a sect'ion under

construction.

As in the beams, the excess mortar was cleaned from

the ioints and the exterior joints pointed. This sequence

was continued up to 18 courses making the section 12 feet

hi gh . Al I mortar droppì ngs r.rere then cl eaned out from

the bottom of the section. As there lvas no joint rein-

forcìng or reinforcing bars urui in the rvall sectìons,
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BEAM SHOU/ING CORES

FIGURE 9

INTERIOR OF ALIGNING VERTICALLY
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INTERIOR OF BEAM SHOWTNG CORES ALIGNING DIAGON,ALLY

FIGURE 1O
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WALL SECTION SHOWING MEI'HOD OF GONSTRUCTION

FIGURE 11

INTERIOR OF WALL SECTION SHOWING GORES ALIGNING VERTICALLY

FIGURE 12
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the construction procedure was simpl jfied. Figure 12

shor¿ls the interior of a section, before concrete p'lacement,

wi th the bl ock cores .a1 ì gn'i ng verti ca'l 1y

Since the cores v/ere open at every second course, it
was necessary to form the sjdes of the section. This

was done by attaching 3/4'inch thick plyrvood B inches tnride

by I2 feet high to both sides of the section. Figure 13

shows a comp'leted section wjth open cores.

Three days after mortarjng the blocks togethero the cores

were fílled. The fil'l'ing yras done in 4 ft. lifts u¡ith

approx'imate'l.y 10 minutes betleen lifts. Figure 14-shows

the method of concrete placenlent,

There were two methods used in consoljdating the

concrete. For sections 1, 2 and 3, the concrete was

consol jclated by rodding w'ith a 3/B jnch djameter rein-

forcing bar. For sections'4,5 and 6, a hìgh frequency

internal vibrator, r¡¡i th a 3/4 inch head was used.

0n reaching the top, a trowel was used to bring the

level of concrete flush with the top b'lock. The wall

sections were cured in the laboratory air at 70oF.

Testing Arrangement and Procedqre

( a) Beams

Al I beams were tested betvleen two weel<s and tv¡o

months after the concrete had been poured. A 12 foot

simply-supported span with third-point load'ing was used

throughout. Figure 15 shows a loading diagram with

resulting shears and bending moments across the beam.



29

WALL SECTION SHOIVING HORIZON.ÏAL. CORE OPENINGS
FIGURE i3



WALL SECTION SHOWING METHOD OF CONCRETE PLACEMENT

FIGURE 14



3T

P/2' P/2

(KIPS)

T
P/2

l. _T

î
thrEê8__La_B_cg
DIAGRAM (KIPS)

T
I

2P

L
BENIDING ÞJ OÞJËNT

D IA GR A IVI ( F T,- }(IPS)

figure l5: beCInr looding,shear force and bending moment

aB,,__*_ a8,,
LOADING DIÄGRA

dioarGnrs



7C

The beams were tested in a closeci franle. The Ioacl was

suppljed through 200,000 Ib. hyclrauf ic jack' and recorcled

w'ith a 200,000 j b. I oad cel I . Fi gure 16 shorvs a photo-

graph of the jack, load cell and load-bearing supports.

The beams urere pl aced i n a 'Lest f rame by two hoi sts ,

running on an overhead track, connected to steel hooks

embedded in the beams. Alignment of the beams 'in the

test frame was sìmplified by the use of a transit set in

line of the longitudr'na1 axis of the beam. Ball and

roller bearings t,vere used at the load and bearn supports.

This gave the beam 'f'ree end rotation and l'rorizontal djs-

p1acement. Beariing p1ates , 4"x4" in crcss-section ulith

a 1/B ín. thick birch veneer cushion, distributed the

end reactÍons uniformly. Cappìng u/as not necessary due

to the smoothness of the block surfaces. Bearing plates,

4"x4" in cross-sectjon and capped to the beams with

plaster, d'istributed the loads uniformly over the breadth

of the beam.

A "Mercer" dial gauge r¡las set under the beam to.

measure the vertjcal midspan deflection. For beams of

four and five courses similar gauges were set at the top'

centre and ends to measure lateral deflection. The

"Mercer" dial gauges read to the nearest thousandth of an

inch, having a maximunr travel of two inches. Figures 17

and 18 give photograph and details of the test frame lvith

a beam 'in posìtion. The gauges are denoted by numbers 1

through 4 shown on the beam in the'ir actual reading positions.
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The test procedure vras quite simple to perform once

the beams v¡ere centred in position and the dial gauges

set and zeroed. The load v¡as read through a Wheatstone

Bridge connected to the load cell. A reading of 1

m'icroinch per inch rvas equivaìent to 0.2 kips of load.

Load was appììeci in jncrements of 0.1 kips to 2.5

ki ps depend'ing on the beam sí ze. Fol I ow'ing each I oad

increment the gauges vJere read and locations of cracking

traced with jnk indjcating also the total load at the

time.

(b) t.^lal I Sections:

All sections were tested about two months after

the concrete had been poured. The sections were tested

in a vertical position in a closed frame system. An

axi al I oad was supp'l i ed through a 400,000 I b. hydrauì i c

jãck. As the sections were built adjacent to the frame,

they were moved into the frame 'in a vertical position

using a self-clamping hook attached to the overhead

hoist. Frame details and a photograph with the section

i n posi t'ion are shovrn i n Fi gures 19 and 20.

Al i gn'ing the secti ons i n the f rame was a simpl e

operation. Two rectangular collars, with inside dimen-

sions equaì to the cross sectional dimensions of the wall

sections, were vertical'ìy a'ligned and attached to the

bottom and top bearing plates. The bottom and top

surfaces of each section r^/ere capped with plaster to

ensure uni form I oadi ng.

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

FIGURE 20
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The jack was then rajsecl fitting the top of the sectjon

into the top colìar. The collars alìgned the sections

verticaìly and prevented any Iateral mor¡ement. The

load was brought up to 500 p.s.i. and the pìaster

al I or^¡ed to set overni gh i;,

Mercer dial gauges, readÍng 'bo the nearesL thousandth

o't an inch, were set on the right face at the top, centre.

and bottom. Any lateral deflection vrould be read by

these gauges . Three addi ti onal gauges urere se'b i n simi I ar

posítìons on the left faces of sections 1 and 2. In using

these add'it.ional gauges, âhy expansion of the section due

to Poisson's effect or to the separat'ion of the block from

the concrete fill, could be measured. The position of the

di al gauges are shown by ci rcl ed nunrbers 1 to 6 'incl usi ve

ín Figure 19.

The load was read through a pressur"e gauge attached

to the jack. A gauge pressure of 100 p.s.j. was approxi-

mately equìva'lent to 4 kìps. The pressure gauge was

calibrated on th.e 200,000 lb, Riele Testing rnachine.

The calibration curve of pressure against load is shown

'in Fi gure 21 .

With the gauges set and zeroed, the load was in-

creased in increments o'f 10 kips. After each load

increment, the load was kept constant for a few minutes

whjle the gauges were read and the section inspected for

cracks. The gauges were generally removed at a load of

200 kips. The load was then increased to failure.
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TABLE I ] i

SIEVE ANALYSIS OF I\iORTAR SAND

TABLE I

CCNCRETE BLOCK COMPRESSION TEST DATA

No. Síeve Percent Passi ng

16

aJ

50

100

200

96.i

71..9

26.2

6.0

r.2

Type of
bl ock

Total Load (kips)
(Avg. of 3 units)

Compressive
Avg. Gross Area

Strength (psi )
Avg. Net Area

H

0

U

Standard

Li ntel

185

223

r97

165

185

1540

1850

i640

r375

1540

3080

3700

3280

2750

3080
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.IABLE 

I I

CONCRtTE CYLINDER TESTS (Beams)

(6" xr?" cyl i n de rs )

Beanr
No

Tes t
No

Total Load
( pounds )

Comp. Stress
(p.s.i.)

Avg. f ' c,

(p.s,i.)
Age

(days )

tr?,9

3r4

5r6

7rB

10

ll to ?4
i ncl usi ve

25

26

1

2

1

2

1

2

1

2

i
2

1

2

3
4
5

6
7
ô
Õ

9

10
11
t2
13
T4

1

2

3
4
5

I
2
J
4

60 ,000
63,oo0

65,000
75,000

73,000
75,000

67,000
70,000

64,000
65,000

68 ,500
67,000
75,000
79 ,000
87,000
67,000
B1,000
g5,000
72,000
7 1 ,000
85 ,000
72,000
63,000
72,000

1 16 ,000
146,000
117,000
147,000
119,000

120,000
126,000
110,000
108,000

2,r20
2,220

2,300
2,660

2,580
2,650

2 ,380
2,480

2,260
2,300

2,420
?,370
2,650
2,790
3,080
2,370
2,860
3,000
2,540
2,500
3,000
2,540
2,400
2,540

4,i00
5 ,150
5,030
5 ,200
4,200

4,240
4,450
3,880
4, 100

2,I70

2 
"480

2,610

2,430

2,280

2,630

4,740

4, i00

Lé.

A4+L

44

4T

24

L6
76
1B
1B
i9
19
22
22
23
LJ
ca

25
26
26

40

43
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TABLI IV

MORTAR CUBE TESTS (Beams)

(4"x4" cubes)

Beam
No.

Ies t
No.

Total Load
( pounds )

Comp
(p

s tres s
s.i.)

Avg . f'*
(p.s.i'.')

Age
(days )

I rZ ,&9

3,4&5

5to
incl.

11 to
incl .

i0

L4

15 and
16

17 and
1Ô
1c)

i9 and
20

?-t & 22

23

24

25

26

1

2

i
2

1

2

1

2

J

1

2

1

2

i
2

1

2

1

2

1

2

1

2

i
2

16 ,500
16,500

1 8,300
19,000

21,600
20 ,900

22,r50
22,000
31,000

27,700
27 ,500

31,700
32,500

44,700
46 ,100

48 ,300
52,400

48,000
46,000

4.9 ,200
52,200

39 ,600
38, BOO

44.,400
43,900

1,060
1,060

1 ,140
1 ,190

i ,350
1 ,300

1 ,380
1,370
1,940

r,760
7,740

1,980
2,030

2 ,800
2 ,880

3,020
3,280

3 ,000
2,870

3,070
3,260

2,470
2,420

2,770
2,800

1 ,060

1,165

I,325

1 ,560

r,750

2,000

2,840

3, 150

2,935

3, 165

2,445

2,'785

30

35

36

4.0

36

JO

40

36

JÕ

34

44-

Alt'fT
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REli\FORCING BÅ\R SCþlIDULE
44

TYPE I (boTîom steel ) f,,
o,{J .,,

¡3,6[rï::*--fT
ïYPE 2 istirrups)

' 
ì'za' ¿'

l--r_---*l

BËÁ\M

No.

RI IhIFORC H iU f,NT

TYPE
L

(ti!s)
SIZË OË

B,A R

NUÎ.,"48ËR OF

BARS

lr2 I t3

3to lO I 6 2

ll, l2
I

I

,9

6

I

I

r3 ôü

14,15

I

I

2 t9

I
6

3

2

2

t2

16, l7

I

I

2 r9

I
6

3

I

I

t2

t8
l

I

I
B

I

I

Ig, 2O

I

I

2 27

o

I
3

I

I

t2

2l ,22

I

I

2 27

9

I
3

2

2

t2

23,24
I

2 35

I
3

2

t2

25
I

2 27

9

4

2

t2

26

I

2

2

39

t8

o

4

4

2

I
2
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II I. TTST RTSULTS

(a) Beanrs:

The test resuits are sLrnlnrarized r'rìth the heìp of the tables, curves

and photographs. These are found in the Appendix under Tables X to XXXI

inclusive and F'igures 35 to 81 jnclusive. Detailed description of the

behavior as u¡ell as comparative results of Lhe tests with analys'is are

al so gì ven.

General l4odes of Failure

There t^lere three rnodes of fa'ilure: flexural , shear and a

conlbìnation of both. For al'l'beams, vertical tension cracks initially

formed in the bottom cenLral portÌon of the beams ancl qLrickly proceeded

up.

Fail ure by fiexure usually resr"rl ted in beanrs with mjn'imum

steel percentages. Fajlure occurred by the development of tension

cracks across the beam follor,ved by yielding of the longìtudinal steel .

At this po'int, 'large defìec'Ljon increments vrere recorded wíth Iittle
increase ín load. This ulas arrestecl as the steel entered the strain

hardened reg'ion increasìng its tensile capacity. Ultjmate failure occurred

by crushìng of the concrete in the compressìon zone. At bhís poìnt, the

load capacìty was redurced by about 50% of the max'imum load. This i

similar to reported behavior for reinforced concrete beams.

Failure by shear occurred in beams rvith high percentages of

longitudinal steel and little or no v/eb reinforcement. Diagonal tension

cracks usually developed at rnid-clepth, mìdi,ray between the load and beam

supports . These cracks, ì nì tì al'ly at about 45o wi th the hori zontal ,

developed with increased load in the directions of the load and beam

supports. The ang'le of the crack lvas somervhat reduced as it entered the
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compression zone.

For shal I ovl beams v¡.i t h no lveb rei nforcement, f ai I ùre occurred

as a resu'lt of longìtucljnal sp1íttìng in the conipression zone in acldit'ion

to splitting a'ìong the top 'layer of long'itLrdìnal reinforcement near the

end of the beam. Failure was sLrdcien r^r'ith the critical crack formjng at

approxìmately B0% of the maximum loacl. Alihough the beanrs carrjed some

add'itional load after the 'i'ormation of the crj tical crack, the deterior-

a'bion was rapíd. 0n fajlure the on'ly force preventing the end of the

beam from completeiy breaking away uas the dovrel action of the longìtudi-

nal steel.

For deeper bealns r,vith rveb reinforcernent, the lciad capac'ity was

greatly ìncreased past the first appearance o't dìagonal tension cracks.

0n failure, the r,veb reinforcement remained anchored to both sides of the

crack gíving the beam some load capacity. A photograph cf the jnterior

of the beam after a cljagonal tensjon fajlure is shown in Fí gure ZZ.

A good comparison of shear and flexural faìlures can be seen

in beams 12 and 13 whose on'ìy variable r^ras the percentage of longitudinal

steel . Beam 12 contaíned 1 ,64% and Beanl 13 contained 0.æ%. Load

deflection curves and photographs for the t',vo beams can be compared. in

Figures 23, ?4 and 25. The s'lope of the curve in Beam 12 renlajned fairly

constant up to failure, ind'icating elastjc behavior. Fov' beam 13, the

sìope decreased from a relatively low load becomìng horizontal at fajlure.

In all tests there r^ras no sign of sl'ippage beivreen the steel

and concrete indicatìng no bond failures between these materials. Good

bond also existed betrveen the concrete block and fíll. This point is

illustrated in Fjgure 22. In no case did the block separate fronl the

fill before the ultinrate load was reached
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l¿

INTERIOR OF BEAM AFTER DIAGONAL TENSION FAILURE SHOWING

BOND BETWEEN CONCRETE BLOCK AND FILL

FIGURE 22

1.,

T,

t
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Desi çJn and Analysi s

The beams rvere des'igned and anaiysed by ultimate strength

des'ign i n accordance vli th "ACI Stanct.ard Bui'1dì ng Code for Rei nforced

concrete, (ACI 318-63) ".

in consjdering the beanr sectìon, ihe concrete fiII rvas

assumed 'ûo cover the conrpl ete secti on . Thi s mean L bhat the three

materials, concrete f ill, mortar and concrete block would be cons'iciered

to be one ma'Leri al l^ri th the sa.me strength as the concrete fi I I . This i s

illustrated in Figure 26.

AL SECTIOI\ TRANSFORIVIED SECTION

i-
I

d

I

I

+

CONCRITE FILL

|VIORTAR JOINT

CONCRETE BLOCK

RI i N FORCEMENT

l*u-J
FIGURE 26: TRANSF0Ri'1tD B[4i"1 SECTI0N

- Percentages of Long'itudinal Reinforcements

The mjnimunr percentage b/as gove.rned by :-
200D>.-

I

v
The maximurn percentage r,/as governed by:-

CONCRTTE FILL

RE i i.IFO RCEiqENÏ

(i)

whe re

p < 0.zs [uei=r'tr.==Bl#L- l--- (2)r_:" "L ty 97,000oU

p

b

d

percentage of longìtudinal steel (As/bd)

breadth o'f' beam

depth from conrpressìon face to cenLroid of 'longìtudinal

rei nforcement.

area of longitudinal reinforcenentAs=
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K, = constant (0.85)

f'c = ultimate compressive

f.. = unit stress of steel
v

- Ultimate Flexural Capacìty:

The ultimate flexural capacity was

(4) and (5)

unìt strength of

at yìeld point

--- (7)

found by combìn'ing equations (3),

concrete fi l I

Pt

M
u

a

'Ihus

Pt

M_u-T-
Af

S V r ' ô.r
= .J tñ_-t12 '" 2t

AfSV
=õ':8EFTb

Ar I Ar I
= # [a-'å#_l ---rur

(3)

(4)

(5)

where Pt = I oad at u,ì timate fl exural capaci ty

Mu = Moment at ultjmate flexural capacity

- Ul ti mate Shear Capac'i ty

The ultimate strength'in shear was found by the following equatíons.

Shear Capacity of Concrete :

2500 p Vd
M

V. = bd 1.9 f'c *

M - 
Mmax-d

V

or lvl - / mAX

V - \_T-

M

if used in ìargest of Eqns. (B) or (9)

M*^.. = maximum moment in shear span consideredmax

V = external shear in the shear span consjdered

a' = length of the region of constant shear

V = ul t'imate shear capaci ty of concrete secti on.
C

whe re

and
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Shçe'" lglgqüy of þJeb Reinforcement :

V* = bd(Krfu)
ft
¡1

l,
F=' b s sin ci

I

rvhere K = (s'in o * Cos c¿) Sin cy

(to¡

r - percentage of r^¡eb reinforcement

A cross-sect'ional area of ureb reinforcenrent
V

d = angìe between inclined web reìnforcement and axis of beam.

b - wi dth of beam

s = hori zontal spaci ng of vreb rei nfoi^ceräent.

V. . = ul timate shear capaci ty of web re-inforcemen'b
W

(r2)Pu - z(Vc+Vw)

where P.. = load at ult'imate shear capacity of beam.V'

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

I oacl'ing dì agram ( Fì gure 15 )

Al I owable Midspan Deflection :

The maxímum allovrable deflection caused by short time loads is:

¡(max) =i=-360

whereL=clearspan.

forL=12ft.
n (max) = 0.4 ínches.

Ind'ivi dual Behavi or

Beams lll and ll2

Beam propert j es r.lere s'ing'ìe course wi th B" hi gh I i ntel bl ocks ;

l.I3%'longitudjnal steel; Concrete strength of 2170 p.s.i.

Both bearns b'ehaved el asti ca11y up to f ai I Lrre. Ini ti al tensi on
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cracks started at about 1.5 kips. Beam #1

yieìding of the longitudinaì steel with a

P (test) /P (calc.) ratio was 1.0"Beam #2

3.5 kips wÍth deflectjon of 1.02 in" The

0.85.

fai I ed at 4.1 ki ps by

deflection of f.iBS in. The

failed in a similar manner at

P(test)/Pr(calc.) ratio was

Beam detai ì s, 'l oad-mi dspan defl ect.ion curves and

at failure are shown in Figures 35 to 37 inclusive. Test

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

photographs

data is I isted

Beams #3 and #4:

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

course; 0.93% longitud'inal steel; concrete strength of zzg0 p.s.i.
Load-Deflection characteristics were similar in both beams.

The slope was essentja'lly constant up to about B kips where the first
tension cracks appeared. l,lith the slope reduced somewhat, e'lastic

behavíor continued up to about i9 kips, where Ít was evident that the

steel was yield'ing. By this time, tension cracks had developed and

widened across each beam. The beams continued to take loads with ìarge

increases in deflection. Ultimate failure was by crushing of concrete

in the compression zone

Beam #3 failed at 23.0 kips with a midspan deflection of 0.95

in. and a P(test) /Pu(calc.) ratio of 1.23.Beam #4 failed at 22.0 k.ips

wíth a midspan deflection of 0.90'in. and a p (test) /p, (calc.) ratio

of i. iB.

Beam details, load-span deflection curves, and photographs at

failure are shown in Figures 38 to 40. Test data is listed in Table XI

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

Beam properties were two curves using the U-block 'in upper

course; 0.93% longitudinal steel; concrete strength of 2615 p.s.i.

Load-deflection characteristics were simìlar to beams #3 and #4. The

first tension cracks appeared at about B kips. This is denoted with a

change in slope of the load-midspan deflect'ion curve.

Tension cracks continued to develop.and widen across the beam.

However, at about 16 kips the slope of these cracks near the beam supports

became i ncl 'i nes , thus formi ng di agona'l tens i on cracks . The I oad was

increased to failure causing 'large deflection increments. Both failures

were sudden and were caused by the open'ing of diagona'l tension cracks

near the beam supports. Failure caused the end portion of the beams to

separate" Beam #5 failed at 23 kips with a mid-span deflection of 0.9 in.

and a P(test) /Pu(calc.) ratio of 1.155. Beam #6 failed at 22.0 kips

with a mid-span deflection of 0.75 in. and a P(test) lP, (calc.) ratio of

1.105. Beam details, load-midspan deflections and photographs of failure

are shown in Figures 4i to 43 inclusive. Test data is listed in Table XII"
(See Pages 97 to 99).
Beams #7 and #8:

Beam properties were two courses using the standard 2 core

block in upper course; 0.93% longitudina'l steel; concrete strength of

2430 p.s.i.

Beams #7 and #B djsplayed similar test behavior to the prev'ious

tlo-course beams up to about 20 kìps. At th'is tjme, a diagonal tension

crack formed near the right beam support of beam #7. This crack wjdened

under increased load causing a sudden failure with the beam breaking away

at the rìght load support. Beam #7 failed at 2I.5 kips wìth a mid-span

deflection of 0.75 in. and a P(test) /Pu(ca'lc.) ratio of 1.125. Beam l/B
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failed solely by yielding of the longitudinal steel followed by

crushing of the concrete in the compressjon zone. Failure occurred at

23 kips with a mid-span deflectjon of 0.85 in. and a P(test) /Pu(ca'lc.)

ratio of 1.195.

Beam detai 1 s , I oad-span defl ecti ons and photographs of fai I ure

are shown in Figures qq to 46 inclusive. Test data is listed in Table XiII
{See Pages 100 to 102).

Beam #9 and #10:

Beam properties were two courses using the O-block in upper

course; 0.93% longi tudi na1 steel ; concrete strengths of 2170 p.s . i . and

2280 p.s.i. respect'ive1y.

Beam #9 behaved elastica'lly through the loading range. Tension

cracks developed and widened up to yielding of the longitudinal steel

at about 19 kips. Ultimate failure was caused by crushing of the

concrete jn the compression zone. Failure occurred at 20.0 kips with a

deflection of 0.7 in. and a P(test) /Po(calc.) ratio of 1.095. Beam #10

showed similar behavior to the previous two-course beams up to about

15 kips" At this point, a tension crack, midway between the left load

and beam supports, became somewhat inclined forming a diagonal tension

crack. The beam continued to take increased load. The longitudinal

steel yielding at about 18 kips caus'ing 'larger mid-span deflections.

Meanwhile, the diagonal tension crack developed towards the load and beam

supports. Failure was sudden as this crack opened causing the left
section of the beam to separate. Failure occurred at 21.5 kips with a

midspan deflection of 0.95 in. and a P(test) lP, (calc.) ratio of 1.15.

Beam detai'ls, load-midspan deflection curves and photographs at

failure are shown jn Figures 47 to 49. Test data are listed in Table XIV

(See Pages 103 to 105).
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Beams #II and #I2z

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

course; 1. 64% longi tud'ina'l steel ; concrete strength of 2630 p. s . i .

From the load-span deflection curves, 'it was evident that the

beams deflected little up to about 7 k'ips. At this point, initial
cracking occurred, the steel became stressed and the beams behaved

elastically up to failure. The on'ly cracking evident before failure

were tension cracks startÍng at the bottom of the beam and developing

up to the level of the'longitudinal steel. Both failures were sudden.

Diagonal tension cracks had developed and opened within a load

increment of 1 kip. Failure caused the beams to split along the hori-

zontal mortar joint between their load and beam supports. However,

the concrete fill spìít aiong the top ìayer of longitudinal steel about

two in. below the mortar jo'int. Beam #11 failed at 28 kips with a

midspan deflection of 0.690 in. and a P(test) /Pu(calc.) ratio of 1.44.

Beam #12 failed at 29 kips with a midspan deflection of 0.630 in. and a

P(test)/Pu(ca1c.) ratio of 1.44.

Beam details, load-midspan deflection curves and photographs

at failure are shown in Figures 50 and 52. Test data is listed in Table XV.

(See Pages i06 to 108).
Beam #13:

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

course; 0.83% longitudina'l steel; concrete strength of 2630 p.s.i.

l^lith injtial cracking occurring at about 6 kips, the beam

behaved elastÍcally up to yielding of the longitudinal steel at 18 kìps.

Meanwhi'le, tension cracks became visible up to the level of the steel,

at about 12 kips.
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These cracks continued up to the middle of the beam where

they stopped at the neutral axis of the beam. After the steel yielded,

large deflections resulted wìth increased load. A flexural failure

resulted with crushing of the concrete in the compression zone. Beam #13

failed at 27.0 kips w'ith a deflection of 0.84 in. and a P(test) lPf (caìc.)

ratio of 1.I7 .

Beam detai'ls, a load-midpsan deflection curve and a photograph

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

Beam #14 and #15:

Beam properties vrere 3 courses using the H-block in upper

courses; 1.65% longitud'inal steel; 0.18% vertical steel; concrete

strength of 2630 p.s.i

Both beams behaved similarly throughout the tests. The beams

deflected a small amount up to about 25 kips. At this point initial
cracking must have occurred as the sìope of the load-deflection curve

was reduced. Tension cracks u¡ere observed at about 35 kíps up to the

level of the ìongitud'inal steel " These cracks continued to develop

and widen across the beams. At about 50 kips the first diagona'l

tension cracks appeared midway betvreen the load and end bearing

supports. l^lith increased load, these cracks developed ìn the directions

of the load and end bearing supports. However, the tens'ion cracks were

arrested at about a 10 in. depth"

The beams failed suddeniy by d'iagonal tension cracks opening

from the level of the longitudinal steel up into the compress'ion zone.

The concrete split along the top layer of ìongitudinal steel. In beam

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

Beam #14 failed at B0 kips with a deflection of 0.690 in.

and a P(test) lPf (calc.) ratio of 1.2i. Beam #i5 failed at 69 kips

with a deflection of 0.513 in. and a P(test)7Pr(caic.) ratio of 1.045.

Beam detaiìs, load-mjdspan deflection curves and photographs

are shown in Figures 54 to 58 inclusive. Test data is listed in
Tables XVI and XVII. (See Page i10 to 115).

Beams #16 and #I7:

Beam properties were 3 courses using the H-block in upper

courses; 0.805% longìtudinaì steel; 0.181 vertical steel; concrete

strength of 2630 p.s.i.

From the load-deflection curve, 'it was evident that jnitial

cracking occurred at about 15 kips" From there on the slope of the curve

was slightly reduced and the beams behaved elastical'ly up to the

yíelding of the longìtudinal steel. Tension cracks were visible at

25 kips up to the level of the'longitudinal steej. unlike the two

previous beams, these cracks developed up into the middle course with

increased load. At 40 kips, diagonal tension cracks had formed midway

between the ioad and end bearing supports. The longitudinal steel

yieided at about 45 kips resulting with'larger deflections up to failure"

Meanwhile both tension and diagona'l tension cracks were continuing to

develop across the beams.

Failure was sudden and was caused by diagonal tension cracks

opening through the depth of the beams. However, by this t.ime, the

tension cracks had progressed up to the compression zone, the beams

were deflecting considerably with little increase in load, indicating

a tension failure as well. Beam #16 failed at 61 kips lvith a midspan
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deflection of 0.9 in. and a P(test)/Pu(calc.) ratio of r.32" Beam #17

failed at 65 kips with a midspan deflection of 1.08 in" and a P(test)

/Pu( cal c. ) ratj o of 1 .40 
"

Beam details, ioad-midspan deflectjon curves and photographs

at failure are shown in F'igures 59 to 63 inclusive. Test data is listed

in tables XVIiI and XIX" (See pages 116 to 120).

Beam #18:

Beam properties were 3 courses using the H-block in upper

courses; 1. 14% longitudinaì steel; concrete strength of 2630 p.s.i.

From the load-deflection curve, it is evident that initial
cracking occurred at about 15 kips. From this point on, the slope of

the curve remained constant until faÍlure. There were no signs of

cracking unti'l 40 kips. At this point, tension cracks had appeared

up to the level of the longitudinal steel. In addition, a diagonal

tension crack had developed through the depth of the beam within a

load increment of i kip.

Failure occurred suddenly with the diagona'l tension crack

opening and splìtting the concrete at the'longitudinal steel. The

entfre right end portion broke away from the rest of the beam. The

beam failed at 41 kips wìth a deflection of 0.3i2 in. and a p(test)-

/Pu( cal c. ) rati o of 1 .105 .

Beam detaiìs, the load-midspan deflection curve and a photo-

graph at failure are shown in Figures 64 and 65. Test data is listed in
Table XX. (See Pages i21 to 123).

Beams #I9 and #20:

Beam properties were four courses using the H-block in upper
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courses ; 0.855% 1 ongì tudi na1 steel ; 0. 18% verti cal steel ; concrete

strength of 2630 p .s .i .

Both beams behaved elastically up to about 30 kips. At this

point, the slope of the load-deflection curve was slightìy reduced in-

dicating initia'l cracking" Tension cracks were fjrst visible in both

beams at 35 to 40 kips, at the level of the'longitudinal steel.

Initial diagona'l tension cracks appeared in Beam #19 at about

50 kips. These cracks developed along the horizontal and vertical

mortar jo'ints, contrary to the previous diagonal tension cracks. Mean-

while, the tension cracks had developed up into the second course

causing iarger deflections for each load increment. Several other

diagonal tension cracks developed in similar manner. Beam #19 failed

suddenly with the opening of a diagonal tension crack over the left
beam support.

Failure occurued at 57 k'ips with a deflection of 0.36 in.

and a P(test)/Pv(calc.) ratio of 0.626.

0n initial cracking, Beam #20 showed elastic behavior up to

65 kips. Meanwhile, the tension cracks had developed to mid-depth and

diagonal tensjon cracks had formed near the ríght beam support. At

65 kips, these cracks began to widen considerabìy causing'large de-

f'lections, and resulting in a sudden failure at 69 kips. The deflection

at failure was 0.322 in. with a P(test)/Pu(calc.) ratio of 0.76.

Beam details, load mid-span deflection curves and photographs

at failure are shown in Figures 66 to 68 inclusive. Test data is listed

in Tables XXI and XXIi. (See pages I24 to IZ7).

Beams #2I and #22:

Beam properties were four courses using the H-block in upper
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courses; 1.7I% longi tudi nal steel ; 0.18% verti cal steel ; concrete

strength of 2630 p.s .j .

The beams behaved elastjcalìy up to about 50 kips with little
deflection. For example, the midspan deflections at 50 kips were 0.148

and 0"140 in. From the load-midspan deflection curves, it was evt'dent

that cracking occurred at this point. Hov¡ever, the first visible signs

of cracking appeared at 65 kips with tension cracks developing at mid-

span up to the level of the 'longitudinal steel.

At 75 kips, tension cracks had developed across the beam but

they did not increase any higher than the first course. In addition,

diagona'l tension cracks had appeared midway between the load and beam

supports in both beanls. l,Jith increased load, these cracks increased

towards the load and beam supports. Failure occurred sudden'ly by

diagona'l tension cracks opening through the depth of both beams.

However, sp'li tti ng of the concrete al ong the 'longi tudi nal steel di d not

occur as in previous failures

Beam #21 failed at 111 kips with a midspan deflectjon of 0.44

in" and a P(test)/Pu(calc.) ratjo of 1.088. Beam #22 failed at 104 kips

with a midspan deflection of 0.40 kips and a P(test)/pv(calc.) ratio of

r.02.

Beam detaìls, load-midspan deflection curves and photographs

are shown in Figures 69 to 73 inclusive. Test data is listed in

Tables XXIII to XXV jnclus'ive. (See pages 128 to 135).

Beams #23 and #24:

Beam propertjes were five

courses; 0.72% long'itudì naì steeì ;

strength of 2630 p.s.i.

courses using the H-block in upper

0.IB% verti cal steel ; concrete
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The s'lope of the load-midspan deflection curve was constant

up to 40 kips ind'icating elastic behavior in this range. At this point

the slope was reduced and again remained constant untiì just prior to

failure" At 50 kips,'initial tension cracks appeared at midspan up to
'the level of the longìtudinal steel . At 70 kips, tens'ion cracks had

widened and developed across the beam. In additíon, they had spread

into the second course and had become inclined in areas between the load

and beam supports.

Initial diagonal tension cracks formed at B0 kips in areas

between the load and beam supports. From this load to failure, similar

dÍagonal tensÍon cracks appeared parallel to the orìgina] ones. In

addition, the origina'l cracks were expanding towards the load and beam

supports. However, the tension cracks did not expand above the second

course.

Failure occurred suddenly in both beams by the opening of

diagonal tension cracks from the compression zone down to the longitudína1

steel" Beam #23 failed at I42 kips with a mjdspan deflection of 0.49 in.

and a P(test)/P,(calc.) ratio of 1.13. Beam #24 failed at 150 kips with. ,. !

a midspan deflection of 0.48 Ín. and a p(test)pu(ca1c.) ratio of 1.20.

Beam details, load-midspan deflection curves and photographs

at failure are shown in Figures 74 to 78 Ínclusive. Test data is listed

in Tables XXVI to XXVIII inclusjve. (See Pages 136 to 742).

Beam #25

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

upper courses; 0.955% longitud'ina1 steel; 0.328% vertical steel;

concrete strength of 4740 p.s.i"

Behavior was essent'iaily elastic for the first 25 kips of
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applied load. At this point a small change in slope occurred in the

I oad-mi dspan defl ecti on curve , í ndi cati ng i ni ti al cracki ng . At 30 k'i ps ,

initial tension cracks appeared up to the level of the ìong'itudinal

steel. These cracks widened and developed across the beam with in-

creased load. At 60 kips, tension cracks had expanded up to the third

course, and cracks near the load supports were becoming somewhat inclíned.

Diagonal tension cracks appeared at 70 kips rnidway between

the load and beam supports" These cracks developed with increased

loads but not to the extent of previous diagona'l tension cracks. The

tension steel appeared to yield at about 110 kips. At this point, the

load was held constant for 10 minutes. The load was then slowly increased

to failure.

The beam failed by yie'lding of the longitudinal steel

followed by iarge deflections and final'ly crushing of the concrete in

the compression zone. 0n crushing of the concrete, the load dropped to

i00 kips and remained steady, indicating a ductile failure.

Beam #25 failed at 133 kips with a midspan deflection of 1.3

in. and a P(test)/Pr(caic.) ratio of r.29" The beam rebound was 0.s in.

on removing the load.

Beam detai'ls, load midspan deflection curve and photographs

at failure are shown in Figures 79, B0 and 82. Test data is listed in
Table XXIX and XXXI" (See Pages 143 to 148).

Beam #26:

Beam properties were four courses using the H-block in

upper courses ; 0.95% longi tudi na'l steel ; 0,24% web rej nforcement

inclined at 45o to longitudinal axis; concrete strength of 4100 p.s.j.
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The loading behavior and mode of failure were similar to

Beam #25. Th'is'is not surpris'ing since the only physical difference

in the two beams was the concrete strength and v¡eb reinforcement.

Again, the fajlure was ductile with the beam capac'ity reducing to g0

kips after fai I ure.

Beam#26 failed at 128 kips with a midspan deflection of 1.4 in.

and a P(test)/Pt(caìc.) ratio of I.22. A rebound of 0.49 in. was recorded

on removing the load.

Beam detai'ls, 'load-midspan deflection curve and photographs

at failure are shown in Figures 79, 81 and 83. Test data is listed in
Tables XXX and XXXi" (See Pages 143 to 148).

(b) l^lal I Sections:

The test results are summarized with the help of tables,

curves and photographs. These are found in the append'ix under Tables XXXII

to XXXVIi inclusive and F'igures 84 to 92 inclusive.

Gauges 1,2 and 3 situated on the right face of the section,

indicate a lateral disp]acement to the left by a negative reading. 0n

the other hand, gauges 4,5 and 6 situated on the left face, indicate a

disp]acement to the right by a negative reading, and a displacement to

the left by a positíve reading. Thus by taking the algebraic sum of

the two gauge readings at any ìevel, the lateral expansion of the section

can be determined. This is illustrated in Fi gure 27 
"

Mode of Fa'il ure

The failure pattern was similar for all sjx sect'ions and

resulted by crushing of top two to six courses of the sections. In

additjon, four of the sections spìit vertica'l'ly from the top through the
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LEFT FACE RI GHT FACE

*ve

FIGURE 27: l,.lALL SECTION GAUGE DISPLACTMENTS

mortar joints to almost míd-depth.

Failure occurred sudden'ly by spalling of concrete block and

fill near the top of the section. In some cases the complete top

was destroyed causing the section to fall sideways in the frame.

Figures 28 and 29 show pl'rotographs of a section during failure. Pieces

of concrete block and fill can be seen in the air.

The identical failure mode was not surprising since all
section properties and dimensions were similar except for the methods

of consolidation of the concrete. Due to the crushing type of faiiure,
lateral deflections were small, 'less than 1/10 of an inch"

Analys i s

The sections were analysed by u'ltímate strength

accordance with"ACI Standard Bui1d'ing code for Reinforced

(ACI 318-63) Secti on 2202'.'

As in the beams, the concrete f.ill was assumed

comp'lete section. This is illustrated in Figure 30.

des'i gn i n

Concrete,

-ve -ve

to cover the
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OVER-ALL VIEW OF

CONGRETE IN AIR

WALL SECTION

- FIGURE 28

DURING F,AILURE SHOWING
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TOP PORTIOI\¡ OF WALL SECTION DURING FAILURE SHOWING

COMPLETE DESTRUCTION - FIGURE 29
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FIGURE 30: TRANSFORMED WALL SECTION

- The ultimate stress was found from the equation :-

(1)

where f 'c = concrete cy'linder strength

h = height of wall section

t = overall thickness of wall section.

- The ultimate load was found from the equatjon:-

P = t.w.fa

where w = overall width of section.

Individual Behavior

Section 1:

The concrete fíll was rodded and the cy'l'inder strength at

time of test was 4975 p.s.i. The mortar cube strength was 1825 p.s.i.

The section showed no cracks during the load'ing period. The

gauges were removed at 797.5 kips with a maximum lateral disp'lacement

of 0.047 íns. The load was jncreased in 4 kip increments until failure

at 249 ki ps . Fai I ure occurred by verti ca'l spl i tti ng a'long the mortar

joints of the top three courses. The section fell and was further

damaged on hjtting the side of the frame. The P(test)/ P(calc.) ratio

was i.1.

r. 
_0.427 

r,c [t (#l
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Curves showing the lateral displacement and expansion, are

given in F'igures 84 and 86, a photograph at failure is shown in Figure 87.

'Iest data is listed in Table XXXII. (See Pages 149, 151 to 153).

Sectiqq 2:

The concrete fill was rodded and the cylinder strength at

time of test was 4660 p.s.i. The mortar cube strength was 1900 p.s.i.

The load was applied in 10 kip increments up to 200 kips.

At 100 kips, a vertical crack appeared at the side of the second block

from the top of the section. There was no further development of this

crack on increasing the load. The gauges were removed at I97 kips with

a maximum lateral displacement of 0.080 ins. The section failed at

22I kips with a P(test)/P(calc.) ratio of 1.04. Failure occurred

suddenly wÍth the spa'liing of concrete block and fill jn the top four

courses. The central core in this area was not destroyed. This kept

the section in place.

Curves showing the lateral displacement and expansion are

g'iven in F'igures 84 and 86. A photograph at fajlure is shown in

Figure 88 and test data is listed in Table XXXIII. (See Pages i54 and 155).

Section 3:

The concrete fill was rodded and the cyìinder strength at

time of test was 4075 p.s.i. The mortar cube strength was 1805 p.s.i

The load was applied in 10 kip increments up to 200 kíps.

At thi s poí nt, the gauges Ì^/ere removed. The maximum I ateral di spì ace-

ment at this time beìng 0.099 jnches. The load was then increased in

8 k'ip increments. There was no visible cracking prior to failure at

228 kips. Failure was caused by crush'ing of the top three courses.

in addition, the section vlas spìit along the vertical mortar joints
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from the top to the middle of the section. The P(test /P(calc.) ratio

was I.22.

Curves of lateral dìsplacement against load and a photograph

at failure are shown in Figures 84 and 89. Test data is listed in

Table XXXIV. (See Pages 156 and 157).

Secti on 4:

The concrete fíll was vibrated and the cylinder strength at

time of test was 4735 p.s.i. The mortar cube strength was 2065 p.s.j.

Load was applied in 10 k'ip increments throughout the test.

Gauges were removed at 260 k'ips; the maximum lateral displacement at

the time being 0.032 ins. Failure occurred sudden'ly at z9z kips with

the crushing of the top three courses and vertical spfitting along the

mortar joints of the top eight courses. The p(test)/p(calc.) ratio was

1.35. curves of lateral displacement against load and a photograph at

failure are shown in Figures 85 and 90. Test data is listed in
Table XXXV. (See Pages 150, 158 and i59).

Section 5:

The concrete fill was vibrated and the cylinder strength at

time of test was 4325 p.s.i. The mortar cube strength was 2115 p.s.i.

Load was appìied in 10 kip increments throughout the test.

The gauges vrere removed at 236 kips with the maximum lateral dìsplacement

being 0"025ins. At this point, a vertical crack had appeared in the

top course mortar joint. similar cracks had also appeared in the

bottom four courses. Failure occurred suddenìy at 244 kips by spallìng

of concrete block and fill from the top to a depth of nine courses.

The P(test)/P(calc.) ratio was I.24.

Curves of load against lateral disp'lacement and a photograph at
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faflure are shown in Figures 85 and 91. Test data is listed in Table XXXVI.

(See Pages 160 and 161) "

Secti on 6:

The concrete fill was vibrated and cylinder strength at t'ime

of test was 4625 p.s.i" The mortar cube strength was 2115 p.s.i.

The load was applied jn 10 kip'intervals up to 240 kips. At

th'is point, the maximum lateral disp'lacement was 0.058 ins. Upon

removing the gauges, the loading was contínued in 4 kip'increments. At

260 kips, a vertical crack had developed'in the bottom course mortar joint.

The section failed suddenly at 280 kips with spal'ling of concrete block

and fill from the top three courses. The P(test)/P(calc.) ratio v¡as I.24.

Curves of I oad aga'inst I ateral d'isp1 acement and a photograph

at faílure are shown in Figures 85 and 92. Test data is listed in

Table XXXVII. (See Pages 162 and i63).
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IV. EVALUATiOi'I OF TEST RESULTS

( a) Beams

Tabl e VI I I presents a sunìiÌìary o'í' properti es and resul ts for

al I 26 beams testecl. Incl Lrcled j n the surnnìary are the cal cu'lateci fa j I ure

loads by Ultjnlate Strength Analysjs'For shear and flexure, denoted by

Pu and P, respecti ve1y. Pu and P, are al so shoi,vn on the I oad - itt'idspan

deflection curves. The P(test)iP(calc.) ratìo v/as calculated for each

beam. The P(calc.) value used was the Pu or P- that governed failttre.

The 26 beams tested yieldìan average P(test)/P(calc.) ratio of 1.14

The 7 beanrs governed by flexure yìelded an average P(test)/P(calc,) ratjo

of i.18. The remajning 19 beams \À/ere governed by shear, 8 beanls, w'ith

web reinforcenren'1, y'ielded an average P(test)/P(calc.) rat'io of I.207.

The results of the beal¡s withouL vleb reinforcement can be compared

to results of reìnforced concrete beams tested by MoodSr, Elstner,

Hognestad and Vi urtl"l . Thei r analysi s and properti es \^iere sìmi I ar to

the author's. The P(test)/P(calc.) ratio was I.076 for 45 beams tested.

This compares to a P(tesL)/P(calc.) ratio of 1.207 for 11 beams tested

by the author

The results of the beams with r,reb reinforcement can be contparecl to

resul ts of 94 beanls testecl by Cl art<3 , Gural ni cl<6 , More bto15, Thu.rtonzl ,

Bresler and Scordeljn2 These tests yieldecl an average P(test)/Pv(calc.)

ratio of 1.368 compared to a 1.01 for 11 beants tested by tlìe author.

However, it must be po'inted out that the percentage of long'itudinal steel

in these beams \^/as general1y three t jrnes ì arger than the aui;hor's. Th'is

would account for the jncrease in capac'ity.

The mid-span deflections at ultimate load are ljsted'in Table VIIi
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together r¡rith the load at which the nraxinr:m allo'¡rable (L/30) of 0.4 in.

v¡as reachecl. In addi tì on , the al I or,rabl e clef I ecti on i s sholvn on al I

I oacl-mi dspan de'tl ecti on curves

i,l'ith the exceptìon o't Beams #7 and #2, al I beams v'cached

thei r maximum al I o',vabl e defl ecii on at I oacis greateli;han 65% of ul riimate

l oad. Assumi ng a work'ing l oacl of 50% of Lrl tiniate, ì L can be sai d that

the de'ilections rvere not cri ti cal . Hol'¡er¡er, tension cracks ',vere

visible up to the level of the 'ìongìtuclinal steel frorn loacls of 40%

of ultjmate. These cracks vlere not struciurally ìrrrportant as the concrete

bel ow the neutral axi s was assumed to crack 'in any cese. It r^las found

that the deflectjon decreasgd by,about 40% l^rhen the þercentage of longi-

tucl'i nal s teel ,¡ras doubl ed .

Beams #3 to #i0 inclusive all exceeded their computecl shear

and flexural capacities. S'ince the only varjable in these beanrs tlas

the shape of the block in tire second col{rse, the performance of the

indivjdual type block can be evaluated.

The ul t'inrate I oad varied fronr 20 ki ps to 23 l<i ps, thus the

perforniance cannot be eval uated on thi s bas'is . Hov¡ever, the H-bl ock

was chosen for the conti nua Li on. of the l;est progrôm on other tneri ts ,

r¡rh i ch v/e re as f o I I or,vs :

(1) l'Jith a sìng1e vreb in the centre, the H-block was

bal anced and coul d be eas'i ìy hel d and I ai d ;

(2) The vertical j,o'ints were o'í'fset from the web, preventing

a vertical mortar jojnt from cross'ing one face to the other.

This formed a moisture controlled ioint and prevented the

mortar joìnts fronr crossing the compressjon zone. (See

F'igure 31).
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(3)

bes t
Three

Beam #2 fai I ed

4.15 kips.

CONCRETE FILL

FIGURE 31 : BEAI'l C0MPRESS I0N FACt SHOì¡llÌ'lG H-BL0CK

Horizontal contjnuity and placenrent of concrete yvas

achi eved.

beams failecl at loads below their theoretical capacity.

at 3.5 kips while iis theoretical 'f,lexural capacìty was

Beams #19 and #20" vnth sjmilar dinrensions and properbìes,

both faíled at loads below their theoretical capacìty. The governing

criteria in th'is case r¡ras shear rvith a theoreLical capacr'ty of 91 kips

whereas Beams #19 and #20 failed at 57 and 69 kips respect'ive'ly.

Their are several reasons rvhy these beams fa'iled below their

theoretical capac'ity, rvhich became evjdent r¡rhen the beairs were brol<en

apart and inspected. The concrete was not r,,¡elI p1aced arcund the

long'itudjnal steel in the end zone, The reason for thjs was insu'fficient

vibration. (In fact, the concrete was cleliverecl at a fast rate with

oniy one vibrator on the job.l Thjs resulted in poor anchorage of both

the longìtudina'l and vertical steel, thereby reclucìng their shear

capaci ty.

The bsnd had been broken betr,^ieen the venbjcal face of the
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blocks' webs and the concrete fill. This resultecl in a fa'ilure crack

greater than 45 degrees to the horizontal, thereby crossing. fet^rer

vertjcal stìrrups than calculated in cìesign. It is the auLhor's opinion

that the vertjcal sLirrups r,vere inefl'eclive jn these beams. In this

case, the P(test)/Pu(calc.) ratio for beams L9 and 20 troulcl have been

1.11 and 1 .35 resPecti velY

The compress'i ve strength of the mortar '¡¡as al 'atays 1 ess than

the compress j ve strength of the concrerle bl ock or f i I I . llor,vever,

crushìng faìlures a'ìways developecl in the concrete block ori'ill and

never in the niortar. This agrees rv'ith the tests conclucterl by l-lì I sdorf 
I

r¡rh'ich proves that mortar in a joint can sustajn a h.igher compressìve

stress than t^rhen sub jectecl to a cube test. Th j s ì s expl a ined by the

bond ancl f ri ct'i on devel oped at the bl ock ancì nlor Iar i nter Face v¡hi ch

confjnes the nlortar. Thrrs an in'bernal state of stress develops vrhich

causes triaxial compression in the mortar. It ìs only because of this

triax1al state of compression that a mortar jo'int can be subjected to

external stresses which exceed the unjaxial compressjve sLress of the

mortar.

As may be expected, vertical cracks always started at mortar

joi nts j n the bottom course. l-lor¡/er/er, in the one and tl'lo course beams ,

sìmjlar cracks also appeared. at the centre of the blocks. The presence

of the vertical joìnts nay have caused injtial crackìng at an earlier

1oad, but in no way dìd they influence ihe ultinrate capac'ity of the

be ams

Diagonal tension cracks generally started midway betvieen the

loacl and end bearing supports' Their slope was about 45 deqrees to the

l ong'itudj nal axj s. It. was found that r,^rhen they crossed a verti cal on
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horizontal nlortar jol'nt, the directìon of the cracks t/as not usualìy

changed by the presence o't the mortar iojnts, Thus jb can be con-

cluded that the presence o't the morbar iojnis did not constìtute ureak

joints for the development of di agonaì tens'íon cracl<s.

The overalI penformance ancl results ot the 26 beanls tested

agreed very c'losely uri th numerous prevì ous tests on re j nforced concre t,e

beams. it r,vas noted that beanrs v;i thout web rei nfo'rcement s'-lstai ned

greater loads than those .Forming ìn'itì a'ì diagonai tension cracks "

S'i nce no force can be iransrni t'Led across the crack, a redi strj buii on

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

partly by the dowe j acti on 'in the l ongi tudi nal rei nforcenlent, but nraì nly

by the concrete jn the uncracked compression zone.

I ni t j al di agonal tens'ion cracks ln¡ere 'i"ormed at an earl i er

percentage of ultimate load in beams v¡ith u¡eb reinforcement. This

agrees wìth previous results by others that the vertical s'Leel does not

become stressed until after the fornlaiion bf d'iagonal tension cracks.

The vertical steel may have y'ielded at failure, but in no case was their

ul ti mate tens i 1 e capac'i ty reached .

(b) l^Jall Sections:

Table IX presents a sumtrary of properties and results for

the six sect'ions tested. Included ìn the sunrmary are the calculated

stresses ancl loads by ultimate strength analysis denoted by fc(calc.) and

P(calc.). The actual compres's'ive stresses and loads at failure are

denoted by fc(test) and P(test).

The average P(test)/P(cal c. ) ratios '¡rere 1 .12 for the rodded

secti ons and 1.30 for the vi brated sect'ions . The average cy'l'inder

strengths were 4570 p.s.i. for the rodded sectjons and 4561 p.s.i. for
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the vi brated sect'i ons . Wi th the cyl ì nder strengths vi rtual 1y the same,

it is seen that the vibrated sectjons y'ielded ultimate loads 16%

hìgher than the rodded sections" The average fc (test) was 1940 p.s.i.

for the rodded sections and 2260 p.s.i. for the vibrated sections.

Comparing vrith the cyìinder strengths, the average fc (test)/f'c was 0.425

for the rodded sections and 0.491 for the vibrated sections.

These results can be compared to 12 concrete wal'ls, tested by

Richart23 and anaìysed in similar manner to the author's" The average

P(test)/P(calc.) ratio was 1.8. However for walls with cylinder

strengths in the 4000 p.s.i. range, the P(test)/P(calc.) ratio was

reduced to 1.4. This ratio compares with the author's of 1.3 for

vibrated wall sections. The fact that the compressive strength of walls

does not increase proportionate'ly with the cyi'inder strength has been

proven by other investìgators. Several series of tests reported by

Seddon24 indicate up to a 20% increase ìn compressive strength with the

addition of reinforcement. It should be noted that Richart's tests con-

tained reinforcement. The mode of failure in the tests reported by

Seddon was again similar to the author's, name'ly iocal crushing of

concrete below the bearing plate and vertícal splitting of the wall.

Aìthough the mortar was the weakest of the three materials,

there'is no evidence to indicate that failure was caused by crushing of

the mortar joint.

The similar failure pattern found in the six sections can be

accounted for in several ways:

(1) The concrete in the bottom of the section could be of

a h'igher strength-than at the top. This concrete would be

subjected to the impact loads and weight of a twelve foot
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column of concrete. Th'is in turn could result in better

consolidation and hence a higher strength concrete at the

bottom.

(2) The top course contained two split blocks, whìle the

bottom course contained a s'ingle block. Since the mortar

ioínt was not grouted solid, but only buttered at the ends,

the effective bearing area was reduced. (See Figure 32)

(3) The end bearing plates could have transferred the loads

from the frame and jack in different positions. Th'is could

introduce local stresses in excess of the average stress in

TOP COURSE BOTTOM COURSE

CONCRETE FILL

CON CRETE BLOCK

FIGURE 32: WALL SECTION BEARING AREAS

TOP BEARING PLATE BOTTOM BEARING PLATT

WALL SICTION

FIGURT 33: I^IALL SECTI0N BTARING TFFECTS



ÔL

STDT VIEl,^l

'o.þ', .r- Þ,.þ "'
i s.1 .'t..¿-'4.

..+

..ä .¡'i

': 
's'q'.',q ",

+.r'19.o

Tt)P COURSE
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the section. The top bearing plate was more rigid at the

centre while the bottom bearing plate was more rjgid along

the outer edges. This would result in the bearing plate

causing the sectjon to bulge at the top and to be confined

at the bottom. (See Figure 33).

There is additíonal evidence to indicate that the bearìng

plates were in fact causing such end conditions. For sectjons 1 and 2,

gauges were installed on opposite faces to measure any lateral expansion.

These results are p'lotted in Figure 86. They indicate a consistent

expansion of the sections near the top, in the order of 0.015 in. to

0.022 in. for a 200 kip 'load.

At the middle and bottom of the sections, there is a scatter

of readings on either side of the axis of zero expans'ion. However, the

readings at the bottom indicate a small contraction of both sections.

Poisson's effect could have caused a maximum expansion of

about 0.002 in. for the loads reached. Thus the relative'ly large

expans'ion only at the top of the sections would indicate an end effect

caused by the bearing p'late. This expansion now leads to the question
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of block separat'ion prior to fajlure. In section 2, a vertical crack

appeared jn the side of the second block from the top, at a load of

100 k'ips. (See Fìgure 34).

This would furtherindicate that the concrete block shelI was

in fact separat'ing from the ínner core of concrete. Since my measured

or visual evjdence of expansion only occurred near the top of the sectionso

the separation should be considered a local cond'ition.

Another similarity in the fajlure mode was the vertical

splitt'ing of four of the sections at failure. This split started from

the top course and separated the sections along the vertical mortar

joints to about mìd-depth. There was in fact a plane of weakness along

the sect'ions due to the vertical mortar joints. Thus any lateral tension

generated in a sectjon would cause it to spl'it along those iojnts.

The mode of failure and recorded lateral dìspìacements

indicated a definìte crush'ing failure in ajl the sections. However,

the Iateral disp'lacements did indicate some bending was occurring

(See F'igures 84 and 85). This bendìng cou'ld have been caused by a

small eccentric'ity in the loading system but in no way contributed to

fai I ure .
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V CONCLUSIONS

The 26 beams and 6 r,'rall sections tested verif ied the two

assumpt'ions made, nanrely:

(1) Unity of action exists between the block, concrete fill and

the reinforceinen'ù in proper'ly built blocl<-formed strucbural

el ements

(2) Each inclivjdLral component of the constructjon-blocks, concrete

fill, masonry and rejnforcenrent - contributes to the ultimaie

strength of the cotrposite construction.

Beams governed by shear generalìy produced sudden or brittle

type failures i,rhile those gcverned by flexLlre produced gradua'l or

ductile failures. Hourever, the deflections for the beams governed by

flexure'¡rere about 40% greater than those governed by shear, wlten

companing beams of sìm'iIar dimensions. These results agree with numerous

previous tests conducted on reinforced concrete bealns

The average P (test)/P ( cal c . ) rat'ios for the beams and t¡ral I

sections were 1.14 and 1.21 respect'ive1y. Thus block-formed structural

members can be safely clesìgned by Ultimate Strength Theory based on

"ACI Buì1di ng Code for Rei nforced Concrete" .

The mortar strengths were about B0% of the concrete strength

in the beanls and 40i/" of the concrete strength jn the rvall sections,

however, failure in both beams and wall sections was neveì" caused by

crushíng of the mortar joint. Therefore, prov'ided the mortar strength

is not less than 40% of the concrete strength, the compressive strength

of the concrete fill can govern the design.

The horizontal mortar iojnts of 'the beams all conta'ined ioint
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reinforcement, thus no evaluation can be made on the advantage of such

re'i nforcement . However, as th'is rei nforcenlent crossed al I d i agonal

tensi on cracks , some benefj t r,^¡oul cl have resul ted. 0n the other hand,

the rvall sections did not contain any jojnt reinforcement so neither

can any evaluation be made on this basis. 
- 

Howerrer, the presence of

joìnt reinforcement near the top of ihe sect'ions vroul d have de'layed

the splittìng type faìlures

A high slump concrete (about B") is essential for proper con-

solidation of the concrete in block-.Formed r,valls. It v¡as evident that

u¡ater was absorbed by the bl ock f rom duri ng f i'l 'l 
ì ng . Th'is resul ted i n

immedjately louierjng the w/c ratio thus increasìng the cc'ncrete strength.

In addjtìon, vibrating the concreie fill increases the wal'l strength by

1.6% over roddj ng the fj I I .

Poor stirrup anchorage ì,vas a parti a'l cause for the premature

failure of two beams. Therefore, the adequacy of a stanciard hook at

the bottom of the sing'ìe ìeg stirrup is questionable.

The function of the concrete block is primarily that of a form,

therefore the ASTI4 spec'ifications on face-shell and r¡reb thicknesses can

be neglected. These dimensions should be governed by handìing stresses

and lateral pressures imposed by the concrete fill. Howerrer, the com-

pressive strength of the net block area should conform to ASTtvl specìfi-

cati ons .

The H-block is the most suitable for both beam and ivall members.

The rvebs could be recessed to carry longibudinal steel where required.

The lintel block used in the bottom coLrses of the beams, with ìbs present

shape makes concrete placement. difficult around the bottom steel. Both

the bottom and face-shell climensions could be reduced to 1 I/4".
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VI RECOMMEI\IDED DESlGN AND_eÖÍsTRü-Cïf0N-PRoemnFEs-

The design methods should be s'imilar to that of reinforced

concrete. l^lith des'ign mortar strengths 50% of the concrete fill, the

design can be based on the concrete fjll strength forthe overall sectíon.

The web reinforcement should be desìgnecl to carry the total shearin

beams

The construction methods should follow standard construction

procedures for both reinforced concrete and masonry cons'Lructíon. In

addìtion, certa'in procedures should be adopted.

(1) Excess mortar should be removed fron the interior of the

blocks and from the reinforcement. For a r,vall , a hole should

be provided at the bottom through v¡hích th'is rrortar could

be renroved. For a beam,'¡rhere a clean-out hole may be im-

practical, the bottom steel should be raised to prov'ide a

recepiacle for the mortar. This mortar could remain below the

steel without affecting the performance.

(2) The cores should not be filled until 24 hours after mortaring

the blocks. However, more time r,lould be needecl 'if conditions

retarded the se'bting of nrortar.

(3) The concrete fiII should have about an 8" s1urnp with either

rodding or vibration as the nrethod of consolidation.



VI I SUGGESTED FUl'URT RISTARCI.ì

Further research is necessary ì n both beanrs and r¡¡al I sections .

An effecti ve method woul d 'invol ve test j ng beams of s'imi I ar overal I

dinrensions but changing the percentages of steel, stirrup spacing, top

steel and possibly load'ing amangement. Tests on iest,-ajned baants are

ìniportant. Aclditi'onal beanrs could be testecl vrjth l,he blocks pLrt toge'bher

v¡ithout mortar or with certaín courses left unfilled.

Ì,,JalI sec'b'ions could be bujIt uith varyìng perceìtlages o'f rein-

forcement and tested under axial, ecceniric and lateral loading arrange-

ments

There is little in'f,ormatjon available on the subjec'l- of dura-

biIity, moisture penetratic¡n and resjstance to the action of ireezìng

and thav¡i ng, 'in spi te of i ts importance . Resea.i"ch shor-tl d be pe v'formecl

to deterrnine these qualìtìes and how 'bhey,may be improvecì.
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TABLE X

TIST DATA FOR BTAI'1S 1 AND 2
LOAD.MiDSPAN DEFLECTION RESULTS

(inches)
Load (8m.1) Deftecrion (em. t)(kips) (inches)

0.0
0.021
0 .031
0.047
0.068
0 .090
0.177
0.156
O. 1BB
O.2IB
0.247
0.278
0. 310
0.335
0. 365
0.400
0.430
0.460
0.490
0.520
0 .550
0 .575
0.605
0.635
0.670
0. 705
0. 735
0. 765
0.795
0.825 \

0.850
0.925
0.985
1 .055
7.125
1. 185

Load (8m.2) De'tlection (gnr.Z)
(kips)

0.0
0.2
0.3
0.4
0.5
0,6
0.7
0.8
0.9
1.0
1.1
r.2
1.3
1.4
1.5
1.6
7.7

, 1.8
'1.g

2.0
2.I
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.3
3.5
3.7
3.9
4.t

0.0
0.1
0.2
0.3
0'.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
I.2
1.3
7.4
1.5
1.6
r.7
i.8
7.9
2.0' 2.1
2.2
¿.J
2.4
2.5
2.7
2.7
2,8
2.9
3.0
3.1
3.2
a)J.*J

3.4
3.5

0.0
0.040
0.075
0"085
0 .095
0. 105
0. 115
0. i25
0. 155
0. 185
0.210
0.240
0.270
0. 300
0. 335
0. 370
0.400
0.430
0.460
0 .490
0.530
0. 555
0. 585
0.615
0,640
0.675
0.720
0. 750
0. 780
0 .810
0.840
0. 870
0.9L0
0 .940
0.975
1.020
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TABLE XI

TEST DATA FOR BEAMS 3 AND 4
LOAD.-I4IDSPAN DEI=LECTI(]N RESULTS

Load ( Bm.3)
(kips)

Def I ecti on (B¡r. 3)
(inches)

Load (8m.4)
(kjps)

Def I ect'ion (8m.4)
(ìnches)

0.0
0.5
i.0
1.5
2.0
2.5
3.0
3.5
4.0
Lq
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10 .0
10 .5
1i .0
11 .5
12.0
t2.5
13 .0
13. 5
14 .0
14. 5

i5 .0
1s .5
16.0
16 .5
77 .0
t7 .5
18.0
18.5
19 .0
19 .5
20.0
20.5
2r.0
22.0
23.0

0.0
0.007
0.015
0.0?4
0.033
0.042
0.052
0.060
0.070
0.090
0.095
0.702
O,IIz
0.122
0.136
0 .148
0. 158
0. 170
O. 1BB
0.204
0.220
0.255
0.268
O.2BB
0 .302
0 .316
0.334
0 .355
0.370
0.380
0.405
0 .430
0 .438
0 .450
0.474
0 .487
0 .502
0 .520
0 .538
0 .558
0.600
0 .670
0.720
0. 800
0 .950

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.. 5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0
10 .5
i1.0
11.5
12.0
12 "5
13.0
13 .5
14 .0
14.5
15.0
15 .5
16 .0
16. 5
17 .0
17 .5
18.0
18.5
19.0
19 .5
20.0
20.5
21.0
22.0

0"0
0 .002
0.005
0.012
0.020
0.029
0 .039
0.050
0.060
0.072
0.084
0.095
0. i06
0. 109
0.134
0. 148
0.162
0. 180
0.I9?
0.210
0.234
0 .258
0.272
O.2BB
0. 310
0. 325
0. 340
0.354
0. 368
O.3BB
0.401
0.420
0.433
0 .450

, 0.464
0 .480
0 .495
0.5i3
0.530
0;552
0 .570
0.670
0.770
0.900
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BEAM 5 SHOWING SHEAR FAILURE

FIGURE 42

BEAM 6 SHOWING SHEAR FAILURE

FIGURE 43



99

TABLE XI I

TEST DATA FOR BEAMS 5 AND 6
LOAD-IVIDSPAN DEFLTCTiOÍ\ RESULTS

Load (Brn,5)
( ki ps )

0.0
0.5
i.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

i0 .0
10.5
11 .0
11.5
12.0
72.5
i3.0
13. 5
14.0
14 .5
15 .0
15 .5
16 .0
16 .5
t7 .0
17.s
i8.0
18.5
19.0
i9 .5
20.0
20.5
2r.0
22.0
23.0

Deflectjon (8m.5)
(ínches)

0.0
0.007
0.012
0.020
0.028
0.043
0 .046
0.055
0 .065
0 .076
0 .086
0.098
0.r12
0.r20
0. 135
0. 148
0. 160
0.180
0. 205
0.232
0. 255
0.275
0.285
0.296
0.315
0 .333
0.348
0.374
0.390
0.40?
0.420
0 .440
0.450
0 .465
0.485
0 .500
0.515
0.s40
0.552
0. 570
0.590
0 .650
0.700
0.800
0.900

Load (Brri.6) Deflection (8m.6)
(kips) (inches)

0.0
0.006
0.011
0.020
0.027
0.036
0.045
0.056
0 .065
0.075
O.OBB
0. 100
0. 109
0,722
0.132
0.r47
0.162
0.176
0.205
0.232
0.250
0.266
0.280
0.296
0.310
0. 330
0. 348
0.365
0. 382
0.402
0.415
0.428
0.446
0.462
0.479
0.496
0.510
0.528
0.545
0.565
0.580
0 .605
0. 700
0. 750

0.0
0.5
1.0
1.5
2.0
2q
3.0
3.5
4.0
Lq
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0
12.5
13.0
13 .5
i4 .0
14.5
15 .0
15 .5
i6 .0
16 .5
77 .0
t7 .5
18.0
18 .5
i9.0
19 .5
20 .0
20.5
2r.0
22.0
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BEAM 7 SHOWING SHEAR FAILURE

FIGURE 45
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Load (8m.7) Deflection (8m.7)
(K'ips) (inches)

TABLE XiII

TEST DATA FOR BEAMS 7 AND B
LOAD-I'lIDSPAN DTFLECTION RTSULTS

l-02

Load (Bnr.B) Deflection (Bm.B)
(kips) ( i nches )

0.0 0 .0
0.5 0.007
1.0 0.014
i.5 0.02r
2 .0 0.028
2 .5 0 ,035
3.0 0.043
3.5 0.05i
4.0 0.060
4. 5 0.070
5.0 0.080
5. 5 0 .090
6.0 0.100
6.5 0.1i0
7 .0 0.720
7 .5 0. 133
B. 0 0. 145
8.5 0.160
9.0 0.178
I .5 0 .190

i0.0 0 .222
10.5 0.240
11.0 0.262
11.5 0.276
12.0 0 .290
r2.5 0.305
13.0 0.320
13.5 0.332
14.0 . 0.346
14. 5 0. 363
15 .0 0.380
15 .5 0. 397
16.0 0.412
16 .5 0.4.30
17 ,0 0.44 5

17 .5 0.460
18 .0 0.480
18.5 0.495
19.0 0.515
i9.5 0.535
20 .0 0. 553
20.5 0.575
?r.0 0.650
22.0 0.750
23 .0 " 0.850

0.0 0.0
0.5' 0.008
1.0 0.015
1.5 0.023
2.0 0.032
2.5 0,042
3 .0 0.052
3.5 0.065
4.0 0 . 075
4. 5 0.085
5 .0 0 .098
5.5 0.i10
6.0 0.725
6.5 0. 138
7 .0 0.752
7 .5 0. i65
8.0 0.180
8.5 0. 195
9.0 0.215
9.5 0.236

10.0 0.270
10.5 0.288
11 .0 0. 308
ii.s 0.322
I2.0 0.340
r2.5 0.355
13 .0 0. 370
13.5 . 0.386
14.0 0'.408
14. 5 0 .420
15 .0 0.4 35
15.5 0.458
16 .0 0.480
16 .5 0 .495
r7.0 0.510
1.7 .5 0 .530
18.0 0 .545
1¿1. 5 '0 .562
i9 .0 0 .580
19. 5 0 .600
20.0 0.6i8
?0 .5 0 .645
2L0 0.670
2I.5 0.750
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TABLE XIV

TEST DATA FOR BEAMS 9 AND 10
LOAD-MIDSPAN DEFLECiION RTSULTS

Load (8m.9) Deflection (gm.g) Load (8m.10) De'tlecbion (gnr.iO)
(kips) (inches) (kjps) (inches)

0.0
0.5
0.8
1.0
12L..J
1.5
1. B.

2.0
2.3
2.5
3"0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0
10 .5
11.0
11 .5
12.0
12.5
13.0
i3. 5

14.0
14 .5
15.0
15.5
16.0
16 .5
17 .0
17 .5
18.0
1B .5
19.0
19 .5
20.0

0.0
0 .010
0 .013
0.0i8
0.022
0 .028
0 .033
0.036
0 .040
0 .048
0.060
0 .075
0 .090
0. 105
0.120
0.140
0. 156
0.170
0. 190
0 .205
0.220
0.235
0.250
0.270
0.285
0. 305
0 .325
0. 338
0 .355
0 .375
0 .390
0 .410
0 .430
0 .450
0.465
0.485
0.500
0.528
0.540
0.555
0 .575
0.600
0.620
0 .645
0.700

0.0
0.5
1.0
i.5
2'.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

i0 .0
10.5
11.0
11 .5
12.0
12.5
13.0
i3.5
14.0
14 .5
15 .0
15 .5
16 .0
16 .5
17 .0
17.5
18.0
18.5
19 .0
i9 .5
20.0
20.5
21.0
21.5
21.5

0.0
0 .007
0.015
0.024
0 .034
0.045
0.055
0.067
0 .083
0 .098
0. 110
O,IzB
0.r44
0.158
0.170
0. 190
0.208
0.220
0.240
0.262
0.280
0 .300
0 .318
0.332
0 .358
0.370
0. 385
0.400
0.4r2
0.428
0.442
0.463
0 .485
0.500
0.5r2
0 .525
0 .545
0.560
0.575
0 .600
0 .660
0 .750
0.850
0.950
0.950
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BEAM 1 1 ='O*'*U SHEAR FAILURE

FIGURE 52

BEAM 13 SHOIVING FLEXUR.qL FAILURE

FIGURE 53



109

TABLE XV

TEST DATA FOR BEAI'IS 11 AND 12
LOAD-I'iiDSPAN DTFLECTiON RTSULTS

Load. (Bm-11) Deflection (Bm.i1) Load (Bnr.i2) Deflectjon (gm.iZ)(kips) (inches) - (kìó;j--' -" 
¡;;¿hur)- 

'--'

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0

10.0
11 .0
12.0
13.0
14.0
15.0
16 .0
17 .0
iB.0
19.0
20 .0
2r.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0

0.0
0.5
1.0
1.5
2.0
L.J
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0

10 .0
11 .0
12.0
13.0

, 14.0
15 .0
16 .0
17 .0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27 .A
28.0
29.0

0.0
0.004
0.007
0.072
0,0i8
0.024
0 .031
0 .039
0 .046
0 .054
0.062
0.077
0.094
0. 111
0.i30
0.148
0. 168
0.188
0 .208
0.232
0.256
0 .280
0 .304
0 .330
0.362
0.388
0 .418
0.440
0 .460
0 .485
0.518
0.544
0 .570
0.600
0 .630

0.0
0.006
0.0r2
0.0i8
0.024
0.030
0.036
0.042
0.049
0 .055
0 .060
0 .080
0. 100
0. 120
0. 140
0. 160
0. 185
0.210
0.230
0.260
0.290
0. 320
0. 350
0.380
0 .405
0.430
0 .460
0.490
0.520
0.550
0.590
0.620
0.6s0
0.690
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BEAM I4 SHOWING SHEAR FAILURE

FIGURE 55

BEAM 15 SHOWING SHEAR FAILURE

FIGURE 56



112

BEAM 15 sHowtNG DtAGoNler- rENStoN cRAcK

FIGURE 57





Load (Bm.la)
(kips)

0.0
1.0
2.0
3.0
4.0
6.0
7.0
8.0
9.0

10 .0
11 .0
12.0
i3.0
14.0
15 .0
16.0
77 .0
18.0
19 .0
20.0
2r.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30 .0
31 .0
32.0
33 .0
34.0
35.0
36 .0
37 .0
38.0
39 .0
40 .0

Deflection (Bnr.14)
(ìnches)

Load (Brri.14)
(Kjps)

41 .0
42.0
43.0
44.0
45 .0
46.0
47 :0
48.0
49 .0
50 .0
51 .0
52.0
53.0
54 .0
55 .0
56 .0
57.0
58.0
59 .0
60.0
61 .0
62.0
63.0
64.0
65 .0
66 .0
67 .0
68.0
69 .0
70.0
7L.0
72.0
73.0
74.0
75 .0
76.0
77 .0
78.0
79.0
B0 .0

0.0
0 .005
0.008
0.010
0.0i4
0.022
0.028
0.032
0 .037
0 .041
0 .046
0 .052
0 .056
0.060
0 .066
0.072
0 .076
0 .082
0 .089
0 .094
0.100- 
0.108
0. i14
0.720
0.726
0.135
0. 140
0.148
0. 155
0.163
0. i71
0.i78
0. 185
0.r92
0 .200
0 .210
0.216
0.225
0.234
0.240

TABLE XVI

TEST DATA FOR BTAM i4
LOAD-i\i] DSPAN DE[:LECTION RESULTS

11L

DeflecLjon (gm.t+)
(jnches)

0.250
0 .258
0.264
0.274
0.280
0.290
0 .300
0.308
0.318
0.328
0 .337
0. 345
0 .358
0. 360
0 .384
O.3BB
0 .394

. 0 .410
0.4r7
0.428
0.442
0 .450
0 .460
0.466
0.475
0.48s
0 .495
0.518
0 .528
0 .536
0.548
0 .560
0.575

' 0.590
0 .606
0.622
0 .640
0 .653
0 .670
0.690



Load (8m.15) Deflectjon (8m.15)
(kips) (inches)

TABLE XVI T

TEST DATA FOR BEAM 15

LOAD_i'IIDSPAN DEFLECTION RISULTS

Load (8m.15)
(kjps)

115

De.f,lectjon (Brl.15)
(i nches )

0.194
0.205
0.2t1
O.zIB
0.225
0.233
0.24t
0.249
0.256
0.264
0.274
0.283
0.29r
0 .300
0. 314
0.321
0.328
0 .335
0. 343
0.353
0 .363
0.371
0.386
0. 393
0.400
0.4i0
0 .4i9
0 .430
0.450
0.458
0 .468
0 .478
O .4BB
0 .500
0 .513

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

i0 .0
11 .0
12.0
13 .0
14 .0
15.0
16.0
77 .0
18.0
19 .0
20.0
2r.0
2?.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30 .0
31 .0
32 .0
33.0
34 .0

0.0
0 .003
0 .006
0 .01i
0 .015
0 .019
0.024
0.029
0.033
0.037
0.042
0.047
0 .051
0 .056
0 .060
0.066
0 .071
0.076
0.08i
0 .086
0.092
0 .098
0. 104
0.109
0. 115
0.127
0.1.27
0.135
0.14-2
0. 150
0. 156
0.165
0.r7?
0.179
0.186

35 .0
36 .0
37 .0
38.0
39 .0
40 .0
41 .0
42.0
43 .0
44.0
45 .0
46.0
47 .0
48.0
49.0
50 .0
51.0
52.0
53.0
54.0
55 .0
56 .0
57 .0
58.0
59.0
60 .0
61 .0
62.0
63.0
64.0
65.0
66 .0
67.0
68.0
69 .0
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Load (8m.16) Deflection (8m.16)
( k j ps ) (inches)

TABLE XVI I i

TEST DATA FOR BEAM 16
LOAD-MIDSPAN DEFLECTION RESULTS

Load (8m.16)
(kips)

119

Deflect'ion (8m.16)
( i nches )

0.0
1.0
2.0
3.0
4.A
5.0
6.0
7.0
8.0
9.0

10.0
11 .0
12.0
i3 .0
14. 0
15.0
16 .0
17 .0
18.0
19 .0
20.0
2r "0
22.0
23.0
24.0
25.0
26.0
27 ,0
28.0
29.0
30.0

0.0
0.004
0 .008
0.012
0.018
0.023
0.029
0.035
0. 040
0.047
0 .054
0. 062
0.070
0.078
0 .086
0 .094
0.102
0. ii0
0.116
0.r25
0.i33
0.r42
0. 150
0. 159
0.169
0. 178
0. 190
0.200
0.210
0.218
0.228

31 .0
32.0
33 .0
34.0
35.0
36 .0
37 .0
38.0
39 .0
40.0
41.0
42.0
43.0
44.0
45 .0
46.0
47 .0
48. 0
49.0
50.0
51.0
52.0
53.0
54.0
55 .0
56. 0
57 .0
58.0
59 .0
60 .0
61 .0

0.240
0. 250
0. 260
0.270
0.287
0.293
0 .305
0 .318
0. 328
0 .350
0. s5B
0.370
0. 380
0.390
0.402
0.416
0.430
0.442
0.455
0.468
0 .490
0.500
0.515
0.540
0.550
0.568
0. 600
0 .650
0.780
0 .850
0 .900
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TABLE XIX

TEST DATA FOR BTAM 17
LOAD-MIDSPAN DEFLECTIOII RESULTS

Load (Bm. i7) Deflection (8m.17)
(kìps) (inches)

Loacl (Bnr.17) Deflection (8m.17)
(kips) ('inches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13 .0
14 .0
15 .0
16.0
L7 .0
18.0
i9 .0
20.0
2L0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0

0.0
0 .004
0 .008
0.0I2
0.016
0.021
0.026
0 .032
0.037
0'.042
0.050
0 .055
0.06?
0.070
0.077
0.084
0 .092
0. 100
0. i07
0. 114
0.72?
0. 130
0. 138
0. 150
0. 155
0. 163
0.r72
0. 180
0.189
0. i99
0.210
0.22L
0.237

33 .0
34.0
35.0
36.0
37 .0
38.0
39.0
40 .0
41.0
42.0
43 .0
44.0
45 .0
46.0
47 .0
48.0
49 .0
50 .0
5i .0
52.0
53.0
54 .0
55.0
56 .0
57 .0
58. 0
59 .0
60.0
61.0
62.0
63 .0
64 .0
65.0

0.244
0.256
0.264
0.273
0.282
0.?92
0 .303
0.3r7
0.325
0 .335
0. 346
0 .357
0 .368
0 .387
0. 396
0 .408
0.420
0 .438
0.454
0 .468
0.482
0. 500
0 .530
0.545
0.562
0.583
0.615
0 .655
0 .710
0 .780
0.850
1.000
1.080
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Load (8m.13) Deflection (8m.13)
(kips) (ìnches)

TABLE XX

TEST DAT/\ FOR BTAry-IS 13 AND 18
LOAD-I4IDSPAN DEFLECTIOi\I RESULTS

Load (Bm.1B)
(kips)

r23

Deflectjon (Bm.18)
('inches)

0.0
0.004
0.008
0 .010
0.014
0 .019
0.024
0.027
0 .031
0 .035
0 .040
0 .045
0.051
0.056
0.061
0.068
0.074
0.080
û.085
0.092
0.099
0. 105
0. 111
0. 1iB
0.r24
0. i31
0.138
0. 145
0. i53
0.i80
0.170
0. 180
O.1BB
0 .195
0.202
0.210
0.220
0.230
0. 238
0.248
0.257
0.312

0.0
0.5
i.0
1.5
2.0
9tr,
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10 .0
10.5
11 .0
i1.5
12.0
n.5
15.0
i3.5
14 .0
14.s
i5 .0
15 .5
16 .0
16.5
77 .0
17 .5
iB .0
18 .5
19.0
19 .5
20.0
20.5
2T.0

0.0
0 .005
0.010
0 .015
0.024
0.032
0.045
0 .058
0.070
0 .082
0 .095
0.110
0. 120
0. 135
0.150
0. 165
0.180
0.195
0.210
0.228
0.245
0.260
0 .285
0. 308
0 .333
0.355
0. 370
0.390
0 .405
0 .430
0.450
0.482
0 .495
0.510
0.532
0. 555
0.572
0.592
0 "672
0.635
0 .665
0 .695
0.840

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10 .0
11 .0
12.0
13.0
14 .0
15 .0
16 .0
17 .0
18.0
19 .0
20.0
27.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30 .0
31.0
32.0
33.0
34.0
35 .0
36 .0
37 .0
38.0
39 .0
40.0
41.0
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TABLE XXI

TEST DATA FOR BEAI4 19
LOAD-MIDSPAN DEFLECTION RESULTS

Load (8m.19) Deflectjon (8m.19)
(k'ips) (ìnches)

Load (Bm. i9)
( kì ps )

Deflectjon (8m.19)
(ìnches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
t2.0
13.0
14.0
15.0
16 .0
17.0
1B .0
19.0
20.0
2I.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0

0.0
0 .004
0 .006
0.0i0
0.0i3
0.016
0.019
0.022
0.025
0.027
0.030
0 .033
0.036
0.040
0.042
0.045
0.048
0.050
0 .054
0.058
0.061
0.065
0 .068
0.072
0 .075
0.079
0.083
O. OBB
0.091

29.0
30.0
31 .0
32.0
33 .0
34.0
35 .0
36 .0
37.0
38.0
39.0
40.0
41.0
42.0
43 .0
44.0
45 .0
46.0
47 .0
48.0
49.0
50.0
51 .0
52.0
53.0
54 .0
55 .0
56 .0
57.0

0.095
0.100
0. 103
0. 107
0.1i1
0. 116
0.720
0.125
0.r29
0.134
0. 138
0.742
0. i49
0. 152
0. 156
0. 160
0. i64
0. 169
0.774
0.180
0. 189
0. 195
0.212
0.222
0.226
0.233
0.240
0.254
0.360



Load (8m.20) Deflectjon (gm.ZO)
(kìps) (inches)

TABLE XXlt

TEST DATA FOR BTAI'1 20
LOAD _MIDSPAN DEFLECTION RESULTS

1 )'7

Loacl (8m.20) Defl ection (8m.20)
(kìps) (ìnches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

i0 .0
11.0
t2.0
13 .0
14.0
15 .0
16.0
17.0
18.0
19.0
20 .0
27.0
22.0
23.0
24.0
25.0
26,0
27 .0
28.0
29.0
30.0
3i.0
32 .0
33 .0
34 .0

0.0
0 .001
0.004
0 .007
0.010
0.013
0.015
0.0i8
0 .020
0 .023
0 .025
0.028
0 .031
0.034
0 .036
0 .039
0.042
0 .045
0 .048
0.052
0 .056
0 .059
0 .063
0.067
0 .070
0.074
0 .078
0,081
0 .085
0.089
0 .093
0.097
0.101
0. 105
0.109

35.0
36 .0
37 .0
38.0
39 .0
40 .0
41 .0
42.0
43.0
44.0
45 .0
46.0
47 .0
48.0
49 .0
50.0
51.0
52.0
53 .0

, 54.0
55.0
56.0
57 .0
58.0
59 .0
60 .0
6i .0
62.0
63.0
64.0
65 .0
66 .0
67 .0
68.0
69.0

0. 114
0.118
0.r22
0,130
0.133
0. 137
0. 141
0. i46
0.151
0. 155-
0. 160
0. i68
0.772
0.r76
0. 181
0.185
0. 196
0.202
0.207
0.21i
4.218
0.227
0.23i
0.236
0.24t
0.246
0 .253
0.259
0.264
0.27I
0.278
0.285
0.295
0.311
0.3?2
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BEAM 2I SHOWING SHEAR FAILURE
FIGURE 70
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TABLI XXI II

TEST DATA FOR BTAM 21
LOAD-i\1I DSPAN DEFLTCTiOf\ RESULTS

Loacl (Bm.2L) Deflection (8m.21)
(kips) (inches)

Load (Bnr.21) DeflecLion (8m.21)
(kips) (ìnches)

0.0
i.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

i0.0
11.0
12.0
13.0
14.0
15 .0
16.0
17.0
18 .0
19 .0
20.0
2r.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30 .0
3i .0
32.0
33.0
34.0
35.0

0.0
0 .002
0 .005
0 .00/
0.0L0
0 .012
0 .015
0 .017
0 .020
0.022
0 .025
0.027
0 .030
0 .032
0.035
0 .037
0 .039
0.042
0.044
0.047
0.049
0.051
0.054
0.056
0.059
0.06i
0.064
0 .067
0 .070
0.072
0.075
0.078
0.081
0"083
0.086
0.089

36 .0
37 .0
38.0
39 .0
40.0
41.0
42..0
43 .0
44.0
45 .0
46 .0
47 .0
48.0
49.0
50 .0
51 .0
52.0
53.0
54.0
55 .0
56.0
57 .0
58.0
59 .0
60 .0
6i.0
62.0
63 .0
64 .0
65 .0
66 .0
67 .0
68.0
69 .0
70 .0
77.0

0.093
0.096
0 .098
0.101
0. 105
0.110
0.113
0. 116
0. 119
0.I22
0.r27
0. 130
0. 133
0. 136
0.140
0. 146
0.149

. 0.152
0.155
0.r57
0.164
0.167
0.170
0.174
0.177
0. 186
0. i89
0.792
0. 195
0. 198
0.203
0.206
0.209

' 0.273
0.2t6
0.223
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TABLT XXITi iONT'D.

TEST DATA FOR BEA}4 21
LOAD-i'IIDSPAN DEFLECTION RTSULTS

Loa.d (8m.21) Deflectjon (8m.21) Load (8m.21) Deflection (Brn.21)
(kips) ( i nches ) (k j ps ) ('inches)

72.0
73.0
74.0
75.0
76.0
77 .0
78.0
79.0
80.0
B1 .0
82.0
83.0
84.0
85 .0
86 .0
87 .0
BB. O

89.0
90 .0
9i.0

0.228
0.232
0.235
0.239
0.246
0.249
0.252
0 .258
0.264
0.272
0.276
0.279
0.282
0.287
0.294
0.298
0 .300
0.304
0 .307
0.3I2

92.0
93.0
94.0
95 .0
96.0
97 .0
9 8.0
99.0

100 .0
101.0
102 .0
i03 .0
104.0
i05 .0
106 .0
107.0
108.0
109 .0
110.0
11L .0

0.320
0.324
0.328
0.333
0.338
0 "344
0 .349
0. 354
0.360
0. 369
0.s74
0 .378
0. 385
0.391
0 .405
0 .409
0.4r4
0.420
0.426
0.440



r73

TABLE XXIV

TEST DATA FOR BTAM 22
LOA.D-i'lTDSPAN DEFI-ECTION RESULTS

Lo a d (Bm .22) De f ì e ct'i o rr (Bn .22) Loacl ( 8n.22) Def ì ect'i on (Btn.22)
(i<ips) ( 'i nches ) (kìps) (jnches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15 .0
16 .0
17 .0
18.0
19.0
20.0
2r.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30 ,0
3i.0
32.0
33 .0
34 .0
35 .0

0.0
0.001
0 .003
0.006
0.010
0 .013
0.016
0 .019
0.022
0 .025
0 .028
0 .032
0 .035
0.037
0.040
0.043
0 .046
0.048
0.051
0.054
0.056
0.059
0.062
0.064
0.067
0.070
0.072
0 .075
0.077
0 .080
0.083
0 .085
O.OBB
0 .090
0 .093
0.096

36 .0
37 .0
38.0
39.0
40 .0
41i0
1úñ
43.0
44.0
45 .0
46.0
47 .0
48.0
49.0
50.0
51..0
5?.0
53. 0
54.0
55.0
56 .0
57 .0
58.0
59 .0
60.0
61 .0
62.0
63 .0
64.0
65 .0
66 .0
67 .0
68.0
69 .0
70 .0
7r.q

0. 100
0. 103
0.106
0.109
0.7I2
0.116
0.120
0.I24
0.727
0.130
0. 134
0.r37
0. 140
0.144
0. 148
0.r52
0.155
0.158
0.161
0,164
0;169
0.r72
0.175
0. i78
0.181
O. 18B
0.190
0.r92
0.195
0. 199
0 .206
0. 210' 0.213
0.226
0.230
0 .238
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TABLE XXIV CONT'D.

TEST DATA FOR BEAM 22
LOAD-"I'iT DSPAIT DT FLECT I Oi'I RESULTS

Load ( Bn.2?) Def'l ec bi on (8n.22)
(kips) (inches)

Load (8n.22) Detlection (8m.22
(kips) (inches)

72.0
73.0
74.0
75.0
76.0
77.0
78.0
79.0
B0 .0
Bi.0
B?.0
83.0
84.0
85 .0
86 .0
87 .0
BB. O

0 "240
0.243
0.248
0.252
0.256
0 "260
0.264
0.268
0.272
0.280
0.284
0.287
0 .290
0.296
0. 302
0.305
0.310

89 .0
90 .0
91 .0
92.0
93 .0
94 .0
95 .0
96 .0
97 .0
98.0
99 .0

100 .0
101 .0
102 .0
103 .0
104.0

0.314
0.318
0.324
0.327
0. 332
0.338
0. 343
0 .351
0 .355
0.360
0. 366
0. 373
0.380
0.387
0.392
0 .400
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TABLE XXV

TEST DAIA FOR BEAIIS 21.AND 22
LATERAL DEFLECTION OF COI\ÍPRESSION Z(]NE

Be am

I'lo.
Load

(kips)
Top Left
(GaLrge i)

Top Centre
(Gauge 2)

0
0. 010
0 .025
0.031
0.039
0.049
0.058
0.067
0.074
0.078
0.086
0.095
0. 100
0. 106
0. 118
0.127
0.i34
0. 145
0. 155

, 0. 170
0. 185

0
0.069
0.087
0.092
0.096
0. 100
0. 106
0.1i1
0.722
0.r24
0.129
0. 135

Top Ri ght
(Gauge 3)

0
0 "072
0.022
0.03i
0. 040
0 .049
0.057
0.064
0.068
0 .071
0.076
0.081
0 .085
û.089
0.087
0.089
0.094
0.I02
0.i11
O.LZI
0.729

0
0 .075
0. 100
0.110
0.772
0.115
0.1r.9
0.r25
0.143
0.r52
0. 154
0. 160

2t 0
i0
20
L2
30
35
40
45
50
trtr

60
65
70
75
BO

B5
90
oÃ

100
105
i10

0
0 .003
0.0I2
0 .020
0.027
0.034
0.04 1

0.048
0 .050
0.054
0.055
0,055
0. 057
0.056
0 .057
0.058
0.060
0.062
0.062
0.055
0.055

0
0.069
0.082
0 .081
c.080
c.077
0.073
0.070
0.055
0.045
0.042
0.037

22 0
10
20
30
35
40
50
60
70
BO

B5
95
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BEAM 23 SHOWING SHEAR FAILURE

FIGURE 75

BEAM 24 SHOWING SHEAR FAILURE

FIGURE 76
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TABLE XXVI

TEST DATA FOR BEAI'I 23
LOAD-I4IDSPA.N DEFLECTiON RESULTS

Load (Brn.23) Deflection (Brn.23)
(l<ips) (ínches)

Load (Bnr.23) Deflec'i:jon (em"e¡)
(kìps) ('inches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10 .0
11.0
12.0
13.0
i4.0-
i5 .0
i6 .0
17 .0
18.0
19 .0
20.0
2L.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30 .0
3i.0
32.0
33.0
34.0
35 .0
36.0
37 .0
38.0
39.0
40 .0
41 .0

0.0
0.0
0.0
0.0
0 .001
0.003
0 .005
0.007
0.009
0 .011
0"0i4
0 .016
0.019
0 .021
0.024
0.026
0 .028
0.030
0.032
0 .035
0.037
0.040
0.042
0.044
0 .046
0 .048
0.050
0 .053
0 .055
0.057
0.060
0.062
0 .064
0 .066
0 .069
0.072
0.075
0.078
0.081
0 .084
0.087
0 .091

4?_.0
43.0
44,0
45,0
46 .0
47 .0
48.0
49 .0
50.0
5i .0
52.0
53 .0
54.0
55.0
56.0
57 ,0
58.0
59 .0
60.0
61,0
62.0
63 .0
64.0
65 .0
66 .0
67 .0
6B .0
69 .0
70.0
71.0
72.0
73.0
7 4.0
75.0
76.0
77 .0
78.0
79.0
80.0
81.0
B?.0
83 .0

0 .094
0.097
0 .100
0. 104
0.107
0.1i0
0.113
0.116
0.120
0.r29
0. 131
0. 134
0.138
0. 141
0. 144
0.r47
0. 149
0.152
0. 156
0.161
0.164
0.t67
0.170
0.173
0.176
0.r79
O.IB2
0. 185
O.1BB
0.r94
0.797
0.200
0 .203
0.206
0.2I7
0.213
0.2r7
0.220
0.224
0.230
0.234
0.236



Load (Bm 
" 23) Def I ect'i on (Bm 

" 23)
(kips) (inches)

TABLE XXVI COI\T'D.

TEST DA'iA FOR I]EAi'l 23
LOAD-I4IDSPi\N DEFLECTION RESULTS

Load (8m.23)
(kips)

140

Deflecbjon (em.eE)
(jnches

B4 .0
85 .0
86 .0
87 .0
89 .0
90 .0
91 .0
92.0
93.0
94.0
95.0
96 .0
97 .0
98.0
99 .0

100.0
101.0
102.0
i03.0
104.0
105.0
106 .0
i07 .0
108.0
109 .0
110 .0
111 .0
112.0
113 .0

0.239
0.242
0.247
0 .250
0.259
0.262
0.267
0.270
0.273
0.278
0.287
0 .290
0.293
0.296
0.299
0. 302
0.305
0.307
0. 310
0.314
0.317
0.320
0.324
0.326
0. 330
0 .335
0. 340
0.344
0.347

114 .0
115 .0
116 .0
117.0
118.0
119 .0
L20.0
r27.0
722.0
123.0
r24.0
r25.0
126.0
r?7.0
i28.0
129.0
i30.0
131 .0
132 .0
133.0
134.0
135 .0
136.0
137.0
138.0
139 .0
140 .0
141.0
r42.0

0. 350
0"354
rì ttroU. JJ(J

0.362
0.365
0.370
0. 374
0. 378
0.382
0 .386
0.390
0.392
0 .400
0 .404
0 .408
0.412
0.416
0.427
0.424
0 .430
0 .435
0.440
0.450
0 .455
0.462
0.468
0.475
0.482
0.490
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TABLE XXVII

TIST DATA FOR BEAI\4 24
LOAD-MIDSPAN DIFLECTION RESULTS

Load (Bnr.24) Deflection (8m.24)
( kips) ( inches)

Load (8m.24) Deflection (8m.24)
(kips) (inches)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11 .0
12.0
13.0
14.0
15 .0
16 .0
17.0
18.0
19.0
20.0
2r.0
22.0
23.0
24.0
25.0
26.0
27 .0
28.0
29.0
30.0
31.0
32 .0
33 .0
34 .0
35 .0
36 .0
37 .0
38.0
39 .0
40 .0
41.0

0.0
0.001
0 .003
0.005
0.007
0 .010
0.0i2
0 .014
0.0i6
0 .018
0 .020
0 .023
0 .025
0.027
0.029
0.031
0.033
0 .035
0.037
0.039
0.041
0.043
0 .045
0.047
0 .049
0.051
0 .053
0 .055
0 .057
0 .059
0 .061
0.063
0 .065
0 .067
0 .069
0 .071
0.074
0.076
0 .078
0 .081
0.084
0.087

42.0
43.0
44.0
45 .0
46 .0
47.0
48.0
49 .0
50.0
51.0
52.0
53 .0
54.0
55 .0
56.0
57 .0
58.0
59.0
60 .0
61 .0
62.0
63.0
64.0
65 .0
66 .0
67.0
68.0
69.0
70.0
71.0
72.0
73.0
74.0
75 .0
76.0
77.0
78 .0
79.0
80.0
81.0
82.0
83.0

0.090
0 .093
0 .095
0.098
0. i00
0. 103
0. 105
0.108
0. 110
0. 114
0.r17
0.i19
0.L22
0.1"25
0. 128
0. 131
0. 134
0.137
0.r42
0.r47
0. 150
0. i53
0, 155
0. 158
0.161
0. 164
0.167
0.170
0. 173
0.178
0.180
0. i83
0. 185
0.188
0. 191
0. 194
0. 198
0.20?
0 .205
0.211
0.213
0.216
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TABLE XXVII

TEST DATA FOR BEAM 24
LOAD-MIDSPAN DEFLECTION RESULTS

Load (8m.24) Deflection (8m.24)
(kips) (inches)

Load ( 8m.24) Def I ecti on (8m.24)
(kips) (inches)

84.0
85 .0
86 .0
87.0
88. 0
89.0
90 .0
91 .0
92.0
93.0
94.0
95.0
96 .0
97 .0
98.0
99.0

100 .0
101.0
102 .0
103.0
104.0
105 .0
106 .0
i07.0
108.0
109 .0
110 .0
111.0
TT2.O
113.0
114.0
115 .0
116 .0
r17.0

0.218
0.22I
0.224
0.227
0.235
0.239
0.242
0.252
0.255
0.257
0.260
0,263
0.267
0.270
0.274
0.277
0.280
0.290
0.292
0.295
0.298
0 .301
0 .304
0 .307
0 .310
0.313
0.316
0.323
0.326
0.329
0.332
0.335
0 .338
0.342

118.0
1i9 .0
120 .0
r21.0
7?2.0
123.0
124.0
125.0
126.0
1,27.0
128.0
729.0
130 .0
131.0
i32.0
133. 0
134.0
i35 .0
136 .0
137 .0
138.0
139.0
140.0
14i.0
142.0
143.0
744.0
145.0
146 .0
t47.0
148.0
L49.0
150.0

0.345
0 .348
0.351
0.357
0.361
0.364
0.367
0.370
0.373
0.376
0.380
0 .383
0.386
0 .396
0 .400
0.403
0 .406
0.410
0.4t4
0.418
0.423
0.426
0 .431
0.434
0.438
0.442
0.447
0.452
0.457
0.462
0.467
0.474
0.480



142

TABLE

TEST DATA FOR

LATERAL DEFLTCTJOii

XXVI i I

ßEAMS 23 Ai\D 24
OF COI'iPRESSìON ZONE

Beam
No.

Lo ad
(kips)

Top Left
(Gauge 1)

Top Centre
(Gauge 2)

Top Rí ght
(Gauge 3)

0
10
20
30
40
50
60
70
BO

90
110
125

0
25
50
60
70
80
90

100
110
120
130

LJ

24

0
0.001
0 .002
0 .00-?
0.004
0 .005
0 .005
0.005
0 .005
0. 005
0.005
0.005

0
0
0

0.001
0.001
0 .002
0 .002
0.002
0 .002
0 .002
0 .002
0 .002

0
0.026
0 .036
0.042
0.047
0.051
0.054
0 .061
0.066
0.069
0.073

0
0
0
0
0

0.001
0.001
0.001
0.001
0.001
0 .025
0.028

0
0 .014
0.014
0.0I2
0 .008
0.012
0.014
0.020
0.029
0.035
0.044

0
0.027
0.036
0.043
0.052
0.060
0 .070
0.077
0.084
0 .092
0. 100
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BEAM 25 SHOWING FLEXURAL FAILURE

FIGURE BO

BEAM 26 SHOWING FLEXURAL FAILURE

FIGURE 81
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BEAM 25 SHOWING TENSION CRACKS

FIGURE 82
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TABLT XXIX

TEST DATA FOR BTAM 25
LOAD-MIDSPAN DEFLTCTION RTSULTS

Load (Bm. 25 ) De i'1ectì on ( Bn. 25 ) Load (Bnr.25) Deflection (8m.25)
( ki ps ) ( j nches ) (kìps) ( i nches )

0.0
2.5
5.0
7.5

ic .0
12.5
15 .0
17 .5
20 .0
22.5
25 "0
27 .5
30 .0
32.5
35 .0
37 .5
40.0
42.5
45 .0
47 .5
50.0
52.5
55 .0
57 .5
60 .0
62.0
64.0
66 .0
68.0
70.0
72.0
74.0
76.0
78.0
B0 .0
82.0
84 .0
86 .0
BB.O
90 .0
90 .0
92.0
94.0

0.0
0 .005
0.0i1
0 .017
0 .023
0.029
0.034
0 .040
0 .046
0 .053
0 .061
0"070
0.079
0 .087
0 .095
0.105
0.1i5
0.726
0. 134
0.r44
0.154
0. 166
0.175
0.185
0.194
0. 205
0.212
0.220
0.228
0.236
0.247
0.254
0.262
0.270
0.280
0.295
0 .302
U. JIJ
0 .325
0. s34
0 .340
0.347
0 .354

96 .0
98. 0

100.0
100.0
101.0
702.0
103.0
104.0
105 .0
i06 .0
r07 .0
108 .0
109.0
110 .0
i10.0
111 .0
IT2.O
113 .0
114.0
1i5 .0

, 115.0
116 .0
rt7 .0
1i8.0
i 19.0
120.0
121 .0
r22.0
r23.0
724.0
r25.0
126.0
727 .0
727 .0
128.0
r29.0
1s0.0
130.0
131.0
132 .0
133 .0
133 .0
100 .0

0. 361
0 .370
0 .379
0 .389
0 .392
0 .395
0 .399
0.403
0 .410
0.413
0 .418
0.425
0.430
0.438
0.447
0.452
0.457
0.460
0.465
0.472
0.482
0.486
0.490
0.494
0.501
0. 508
0.518
0.522
0.531
0. 536
0.544
0 .552
0. 569
0 .600
0 .610
0.629
0.658
0.814
0. 830
0.843
0 .890
1 .300
1 .500
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TADI f VVI./Ii\LJLL AAA

TTST DATA FOR BTAM 26
LOAD-iviiDSPAN DEFLECTIOI\ RESULTS

Load ( Bn.?6) Oetl ect'i on (Brn. 26 )(kips) (inches)
Load (8m.26) Deflectjon (8m.26)

(kips) (inches)

0.0
2.5
5.0
7.6

i0 .0
72.5
15 .0
17 .5
20.0
¿¿.3
25.0
27 .5
30 .5
32.5
35 .0
37 .5
40 .0
42.5
45 .0
47 .5
50 .0
52.5
55 .0
57 .5
60 .0
62.5
65 .0
67.5
70 .0
72.5
75.0
77 .5
B0 .0
80.0

0.0
0 .005
0 .011
0.017
0 .023
0 .029
0 .035
0 .041
0.048
0.055
0.063
0.072
0 .080
0 .089
0 .097
0. 105
0.113
0.724
0.133
0.L44
0.154
0.165
0. 175
0.185
0.r97
0 .210
0.220
0.231
0.241
0.253
0.269
0.275
0.287
0.292

octr(-)¿. J

85 .0
87 .5
90.0
92.5
95.0
97 .5

100 .0
100 .0
102.0
i04 .0
106 .0
108. 0
110 .0
110 .0
7r2.0
114.0
116 .0
118.0
120.0
i20.0
120.0
127.0
r22.0
123.0
I24.0
125.0
126.0
127 .0
128.0
128. 0
728.0
80 .0

0. sl0
0.320
0.332
0. 346
0. 360
0. 370
0.381
0.393
0. 399
0.407
0.415
0.426
0 .439
0.452
0 .466
0.474
0.483
0 .496
0.510
0.557
0.615
0. 636
0 .650
0.660
0.674
0.690
0.759
0.786
0 .910
1.090
1 .280
1 .400
i .500
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TABLE

TIST DATA FOR

LATERAL DEFLECTION

XXX I

BEAMS 25 Ai\ID 26
OF COi\JPÍìESSTON ZOI\IE

Be am

No.
Load

(kips)
Top Left
(Gauge 1)

Top Centre
(Gairge 2)

Top R'iciht
( Gauge 3)

0
10
20
30
40
50
6C
70
B()

90
100
110
r20

0
10
20
30
40
50
60
70
BO

90
100
110
720

25

26

0
0 .068
0.074
0 .080
0 .086
0.091
0 .099
0. 100
O.I2T
0.1s0
0.138
0.r44
0.151

0
0 .035
0.033
0 .031
0.032
0 .030
û.030
0.028
0.027
0.024
0.028
0.026
0.025

n

0.055
0 .063
0.072
0 .078
0.084
O. OBB

0.099
0.110
0. 120
0. 130
0.r47
0. 164

0
-0.002

0 .004
0.013
0.02r
0.032
0.043
0 .054
0.065
0 .082
0.097
0. 110
0 .048

0
0 .064
0.063
0 .069
0 .073
0.077
0 .082
0.089
0.095
0. 104
0. 109
0.113
0.115

U

0 .008
0.013
0.017
0 .025
0.032
0 ,039
0 "050
0 .060
0 .066
0 "061
0.072
0 .082
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TABLE XXXIV

TEST DATA FOR I,JALL STCTION 3

LATIRAL DTSPLACEI'IENT AGA]NST LOAD

Load

Gauge Read'ing
(p.s .'i . )

500

750

1000

1250

1500

i 750

2000

2250

2500

2750

3000

3250

3500

3 750

4000

4250

4500

4750

5000

5800

Lateral Dì spl acement
R'ight Face

l',1i ddl e
( gaLrge 2 )

(ins.)

Bottom
( sauge 3)

0

0 .002

0.c02

0.001

0 .001

0. c02

0 .003

0.004

0.004

0 .005

0 .005

0.006

0.006

0.003

0 .003

0 .000

0 .000

-0.001

-0.001

Eqv" Load
( ki ps )

19. B

?9.6

39 .5

48.9

58 .4

68.4

78 .5
õõ noÕ. +

98.4

108.0

TL9,?

L27 .0

137.8

r47 .9

158.0

T67 .B

r77 .5

187 .5

197 .5

228.0

Top
(sauge 1)

0

0 .002

0 .003

0 .005

0.006

0 .007

0 .008

0.009

0.0i0
0.011

0.0r2
0 .013

0 .013

0.014

0 .014

0 .014

0 .015

0 .015

0 .015

0

0 .007

0 .008

0 .012

0 .014

0 .017

0.021

0.024

0.027

0 .028

0.031

0 .033

0.035

0.035

0.036

0.040

0.040

0 .039

0 .039
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TABLE XXXV

TEST DATA F(]R I'IALL SECTIOI! 4
LATERAL DISPLACEMTNT AGAÏNST LOAD

Lo ad

Gauge Readi ng
(p.s.i.)

tqv. Load
( k'ips )

L a'te ral

Top
( gaurge 1) ( gauge 3)

Dìspìacemen'u (ins.)
Ri ght Face

l4iddle Bottom
( gauge 2)

500
i000
1250
1500
1750
2000
2250
2500
2750
3000
3250
3500
3750
4000
4256
4500
4750
5000
5250
5500
5 750
6000
6250
6500
7 400

19. B

39.5
48.9
58.4
68.4
78.5
BB.4
98.4

108.0
I7B.?
127.0
137 .8
749.9
158.0
167 .8
177 .5
187 .5
r97 .5
2070
2r75
228.0
237 .5
247 .A
257 ,0
292.0

0
0 .001
0 .002
0.002
0.003
0.003
0.004
0.005
0 .005
0.006
0.006
0 .007
0.007
0.008
0 .009
0.009
0.009
0.010
0 .01i

':"

:

0
-0.001
-0.00i
-0.001
-0 .001
-0.001

0 .000
0.002
0.005
0.007
0 .009
0 .010
0.0i0
0.014
0.017
0 .018
0.018
0 .020
0.022
0.024
0.027
0.029
0.030
0 ':32

0
0

-0.001
-0. 00 1
-0 .002
-0.004
-0 .005
-0 .005
-0.007
-0.008
-0.009
-0.008
-0.008
-0.008
-0 .008
-0.010
-0.010
-0.010
-0.012
-0.0i3
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TABLE XXXVI

TEST DATA FOR I¡IALL SECTI0N 5

LATERAL D]SPLACEMENT AGAINST LOAD

Load

Gauge Reading Eq". Load
(p.s.i.) (KiPs)

Lateral Di sPl acenrent ( i ns ' )
Ri ght Face

Top Mi ddl e Bo'Ltom
( saLrsä t ) ( gauge 2) (gauge 3)

---
500
750

i000
r250
1500
1 750
2000
2?50
2500
2750
3000
3250
3500
3750
4000
4250
4500
4750
5000
5250
5500
5750
6000
6200

19 .8
29.6
39 .5
48.9
58.4
68.4
78.5
BB.4
98.4

108.0
TIB.2
127.0
137 .8
148.0
i58.0
167 .8
177 .5
187 .5
197 .5
207 .0
2r7.5
?28.0
2s7.5
245.0

0
0
0
0

0 .001
0.001
0 .002
0.002
0 ,002
0 .003
0.003
0 .084
0 .004
0.005
0.006
0 .006
0.007
0.007
0 .008
0.008
0 .009
0 .009
0.010

0
0
0
0

0 .005
0 .007
0 .009
0 .009
0.010
0.010
0.010
0 .011
0 .012
0.012
0.012
0 .012
0.014
0.016
0.016
0.016
0.0i7
0.023
0 .025

0
n

0
0
0
0
0

0.001
0 .001
0 .001
0.002
0.002
0 .002
0.002
0 .002
0.003
0 .003
0 .003
0.003
0 .004
0.004
0 .004
0 .004
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WALL SECTION 6 AT FAILURE

FIGURE 92
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TABLT XXXVI i

TEST DATA FOR I,JALL STCTIOI.I 6
LAI'TRAL DISPLACE|\iENT AGAINST LOAD

Load

Gauge Readi ng
(p.s.i,)

D'isplacement (jns.)
Ri ght Face

Mi ddl e Bottonr
(çJalrge 2) (gauge 3)

500
750

1000
r250
1500
1750
2000
2250
2500
2750
3000
3250
3500
3750
4000
4250
4500
4750
5000
5250
5 500
5 750
6000
7 100

Eqv " Load
(kips)

i9. B

?.9.6
39 .5
48.9
tro JlJO.".

68.4
10tr

99.4
98.4

108.0
i18.2
727.0
737.8
148.0
158.0
T67.8
777 .5
187 .5
r97.5
207.5
277 .5
228.0
237 .5
280.0

Lateral

Top
(gauge 1)

U

0 .005
0.007
0"009
0.010
0 .011
0.013
0.014
0.015
0.0i6
0.017
0.018
0.0i8
0.019
0.025
0.027
0.029
0 .032
0 .034
0.039
0.039
0.043
0.044

0
0
0

0"003
0"005
0 .008
0.008
0.015
0 .017
0 .015
0.0i5
0.017
0 .017
0 .0i9
0.027
0.024
0 .028
0 .037
0.043
0.047
0.053
0 .056
0.058

0
0.007
0 .005
0 .003
0 .002
0 .004
0 .004
0 .004
0 .002
0 .002
0 .002
0 .003
0 .005
0 .005
0.005
0.006
0 .006
0 .007
0 .008
0 .008
0 .010
0 .014
0 .015


