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NOTATIONS

Dimension of element in x direction.
Net area.

Area of steel.

Dimension of element in y directlon.
Intrisic shear strength {(cohesion.
Elastlcity matrlx

Modulus of elasticity.

Tangent. modulus of grout.

Secant modulus of grout.

Actual axial compressive stress.
Actual bending stress.

Strength of grout in compressicn.
Strength of mortar in compression.
Allowable steel stress.

Splitting tensile strength of blocks.
Unjiaxial tenslle strength.

Uniaxial compressive strength.
Alicwable axlal compressive stress.
ﬁ]lowéble flexural compressive stress,
Modulué of rigidity.

Effective height of wall.

Initial rate of absorplion.
Stiffness in the normal direction.

Stiffness ln the shear direction.
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Element. stiffness matrix.

Length of joint element.
Compressive strength of mortar.
Bending mament.

Modular ratio.

Applied force.

Effective thickness of wall.
Mortar jolnt. thickness.

Actual wall thickness.
Displacement. in the x direction.
Displacemen.t, in the ¥ direction.
Shear force.

Unit. weizght of blocks.

Unit weight of grout.

Section modulus.

Coefficients.

Reduction factor of the modulus of elasticity.
Reduction factor of the modulus of rigidity.
Straln.

Polsson's ratio.

Stress matrix

Average stress matrix

Peak principal stresses.

Normal stress.

Shear bond strength.

Shear bond stress at failure.
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Tensile bond strength.
Tensile_hc:-nd stress al failqre.
Shear stress.

Coefficient of friction.

Angle of internal friction.

Central Library - Ain Shams University



TABLE OF CONTENTS

Fages
Chaptex €10, Introduction
1.1 General. . . ... e e e e 1
1.2 Previocus Work. .. .. ... ... . ... . ... 3
1.3 Objectives and Aims of the Fresent Study. T
1.4 Scope and Contenls. . ... ... . . .. ... ... o
Chapter €2, Masonry Materials
=1 General. ... e e e e e a 13
=. 2 Why Reinforce Masonry?. ... ... ... .. ..., 13
=.3 Masonry Materlals.............. ... ...... 14
Z.3.1 Masonry Units, . .. ... ... oo 0oL 16
£.3.1.1 Clay Masonry Units. ... ..... 165
2.3.1.2 Concrelte Masonry Units. .. .. 17
2.3.28 Mortar., .. ... . . e e =0
2.3.3 Groub. . ..o e e e =5
2.3.4 Feinforcing Steel . . ... . ... ... ..., =7
Chapter- € 3>, Masornry Construction
.1 General . ... e e e e e 31
2.2 Masonry Elements. ... . .. o oo, 32
3. E 1 Caolumns. ... o .. e e e e e 32
' l';_; 3.2.2 Beams. . . .- e e e e e 32
1‘\3.2.3 Fiers and Pilasters................ 32

o Central Library - Ain Shams University



Chaptler

Chapter

2.2.4 Masconry Walls. . .. .. . . i
3.3 Methods of Grouting Masonry Walls........

3.4 Contrel, or Shrinkage Joints. ... .. .. .....

€43, Masonry Design

4.1 CeneEral . . i e e e e e e e e e e e e e

4.2 Determination of Ultimate Mazonry Strenglh
4.3 Minimum Dimensions. . ... .. ... ... ... ... ...
4.4 Masonry Design.. ... ... ... . . i,
4.4.1 Axial Loads. ... ... .. . . 0 i
4.4.2 Flexural SLresses. ... .. ..t nnan

4d.4.3 Combined Axial and Flexural Loads...

(5>, The Experimental ¥Work

B.1 General . . ... . . e e e e e e e

5. 2 The Experimental Test Program.............

5.3 Masonry Materials. . ... .0 oo oo oo,
5.3.1 Concrete Blocks. ... ... . ... .. .. ...
B5.3.2 Mortar. .. ... ... e e e
B5.2.3 Groub. Lo e e
5.3.4 Reinforcement. ... ... ... ... ... ...

5.4 Fabricatioﬁ of Test Specimens. . ...........

5.5 Material Testing. ... ... ... ... .. ... ...,

Central Library - Ain Shams University

Pages
35
38

38

43

48
45

48

51
&l
&2
53
63
B9
G5
Ga

59



Pages
T B.5.1 Block Testing. . . ... .. ..., 659
5.5.2 Mortar Testing........ e e 73
5.5.3 Grout Testing. ... ... ... ... . ..., T3
5.5.4 Steel Testing. .. .. . oo o .. FiL=:
5.6 Prism and Wall Testing............... ..., TS
B.B.1 Wall Tesbting. ... .. ... .. is]
5.6.1.1 Test Procedure.............. fis)
5. 6.2 Prism Testing. ... .. ... ... g
5. 6.2.1 Test Procedure. .. ........... Fa
Chapter (63}, Analysilis of the Experimental Work

B.1 General. . . . e e 82
5.2 Results of the Contrel Specimens. ... . ... .. B=
B.2.1 Blocks. . ... ... e 83
B.2.2 Mortar. . ... . . . e e e 83
B.2.3 Broubl. . ... e e e e e e 83
G.2.4 Steel Reinforcement. .. ... ........... 83
6.8;5 Grouted Masonry Prisms.............. 84
5.2.6 Ungrouted Masonry Prisms. . ... ....... 893
6.3 Behaviour of the Tested Wall Panels...... . a1
B5.3.1 Crack Fattern and Failure Modes..... o2

B.3.2 The Characteristics of Strain
Distribution. . ... ... ... ... .. o ... a4
B.3.3 Load-Delflection Felationships....... 106
B.4 Effect of the Bond Beam................... 113

Central Library - Ain Shams University



5.5 Effect of the Vertical Reinforcement...... 115
6.5 Effect of the Horizontal Reinforcemnt..... 117
B.7 Summary of the Experimental Work.......... 119

Chapter ¢7), Finite Element Analysis

F.l General. . ... e e e e e 121
F.2 The Finite Element Model. ... ............ ... 121
7.2.1 Grouted Block Element............... 122
F.2.2 Grout Element. ... .... . .. ... ... ..., 124
7.2.3 Mortar Joint Element................ 125
F.2.4 SBteel Element. .. ... ... ... .. .. ... ... 127
7.3 Material Propertles. .. ... .. ... ... 129
7.3.1 Grouted Blocks...................... 130
T.3.8 Groub. . .. . e 131
T.3.03 Martar. .o e e 132
T.3.4 Steel. . . e e 132
T.4 Fallure Criteria. .. o o0 oo oo n 133
7T.4.1 Grouted Blocks Failure Criterion.... 136
7.4.2 Joint Faillure Criterton............. 137
7.9 The Computer Program. . ... .. ... . .00, 140

Chapter (82, Analysis of the Finite Element Results

B.1l CGeneral.. . .. . . i o e e e e e e e e e 142
8.2 Behaviour of the Analysed Walls........... 142
28, 2.1 Crack Pattern and Fallure Mode. .. ... ids

Central Library - Ain Shams University



