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ABSTRACT 

The shear connector is a new type of masonry tie•used to connect the two wythes 
of a masonry cavity wall. With the use of shear connectors, the stiffness and the load 
carrying capacities of cavity walls increases. However, there is no guidance for the design 
of such walls, especially when the slenderness ratio of the wall is high. 

As part of an ongoing investigation into the behavior of this type of element, nine 
full scale shear connected masonry cavity walls have been tested under vertical 
eccentric loads. The tests provide a large amount of information regarding the behavior of 
the shear connected cavity walls. In addition, 46 shear connector units have been 
experimentally investigated under various loading conditions to provide information on 
the strength and stiffness properties of the units. 

A nonlinear finite element analysis model is used to simulate the experimental 
investigation. A comparison of the simulation to the test results shows that the numerical 
simulation is quite satisfactory. The  capacities and the load-deflection curves agree well 

Using the finite element model, a parametric study is carried out. Ninety-one 

cavity walls are analyzed. The parameters under investigation include the loading 

eccentricity, the slenderness ratio, the ratio or'the end moments, the material 
properties of the block wythe, the cavity width, etc. A data base is then established 

including the results of the experiments and numerical analyses. 

A multi-linear regression analysis is carried out based on the data of the 

experiments and numerical analyses. The effective stiflhess of the shear connected 

cavity walls is evaluated. Design equations for the ultimate strength of cavity walls are 

proposed using the effective sti:flhess derived above in the context of the moment 

magnifier approach. A comparison of the proposed approach to the tests and the 

current masonry code shows that the proposed approach has adequate accuracy and 

better agreement with the test results than current code recommendations. 
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They suggested that the magnified moment should be calculated by: 

M=M 
0 

In which, 

where, 

M0 = Maximum moment imposed by external force 

M1 = the smaller end moment, 

M2 = the larger end moment, 

k = effective length factor 

h = wall height, 

EJn 

EI = --. , for plain masonry wall 
3.5 

EJn 

EI = -- for reinforced masonry wall
2.5 · · 

Ei = initial tangent modulus of elasticity for masonry 

In = moment of inertia of the uncracked section 

(Ll) 

5 

Expressions for the effective stiffness EI were proposed by several 

other researchers. Hatzinikolas et al. (1978) suggested that: for plain masonry or 

reinforced masonry walls with loading eccentricity less than t/3, the moment ofinertia is: 



and for reinforced walls with loading eccentricity greater than t/3: 

l=(O.S-e/t)f
0 

>0.11
0 

where, I0 = the moment of inertia of uncracked section. 

.. . 1f
2 

Em/elf OJmaga and Turkstra ( 1980) suggested that: Per = 
(kh)

2 

For unreinforced masonry: 

(1.2) 

(1.3) 

(1.4) 

(I.Sa) 

Ieff = the lesser of ( /1 + Io)/4 and (Ii+ /0)/4 for -1�e1/e25 0 (I.Sb) 

For reinforced masonry: 

(I.Sc) 

6 

leff = the lesser of ( Ii + 21cr+ lo)/4 and ( 12 + 21cr_ +lo )/4 for -1 5 e1le2 5 0 (1.5d) 

where, I1, h = the cracked or uncracked moments ofinertia of the sections at ends 1 

and 2. 

Io = uncracked moment of inertia of the section. 

· Icr = the cracked moment of inertia of the transformed section subjected to a pure

moment Mo 

This expression for EI was adapted by the CAN3-S304-M84 Code. 

Ojinaga and Turkstra (1980 ) also proposed the load displacement method for the 

design of slender masonry wall. In this method the wall is designed to carry a secondary 

moment in addition to the primary moment. The secondary moment was calculated as 
the product of the axial load P, and  the displacement of the section centroid from 

the 







9 

parameters to study the effects of these variables on the capacity and the stiffness of 

the cavity walls. Chapter Six presents the derivation of the design equations for cavity 

walls. Finally, a brief summary of the conclusions and recommendations are 

addressed in Chapter Seven. 



l_C.1 _____ _ 

( r···: 
: __ :.--·· ______ _ 

r··11 
------ '·--.:) 

Vertical Shear 
Connector 

Identical Masonry 
Wythe 

Figure 1.1 Mullins and O'Connor's Connector 
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CHAPTER TWO 

SHEAR CONNECTORS 

2.1 Introduction 

The composite action between the two wythes of a cavity wall relies on 

the efficiency _of the shear connector as a moment transfer mechanism. An 

experimental program on the behaviour of the. shear connectors was carried out 

as part of this investigation. This program investigated the strength and the 

stiffness of the shear connectors under various loading conditions. The test 

program and the results are described and discussed in this chapter. 

2.2 The Shear Connector 

The connector mentioned in this report is a device which connects the two 

wythes of the masonry cavity walls. In recent years, many new types of connectors 

have been invented. At present, a variety of connectors are commercially available for 

masonry cavity walls. The shape and placement of the connectors depend on the 

specific functions that must be fulfilled. Nevertheless, there exist differences in the 

quality of the performance that the connectors should accomplish. 

2.2.1 Development of the Shear Connectors 

The connector should function as a wall tie to transfer the forces between the two 

wythes. The brick wythe of the cavity wall is usually subjected to horizontal wind 

load. 
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(a) (b) 

· Figure 2.4 Coordinate of beam model 
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Figure 2.5 Shear connector test loading frame and set-up 





















































































































91 

Table 4. l(a) Properties of Masoruy 

Material Properties Values Used 
(a) (b) (b)I f' m 

Concrete Block Modulus of Elasticity 13920 MPa 721.2 
Poisson's Ratio 0.2 NIA 
Compression Strength 19.3 MPa NIA 
Tensile ( Bond) 0.56 MPa 0.029 
Strength 

Brick Veneer Modulus of Elasticity 6536 MPa 361.0 
Poisson's Ratio 0.2 NIA 
Compression Strength 18.1 MPa NIA 
Tensile ( Bond) 0.63 MPa 0.035 
Strength 

Table 4. l(b) Properties of Shear Connectors 

Material Properties 75 mm Connectors 100 mm Connectors 

Modulus of Elasticity 200MPa 200MPa 

Nominal Strength Fy 300MPa 300 MPa 

Area (one connector) 2.95 mm2 1.82 mm2 

Moment of Inertia 14030 mm4 9550 mm4 

( one connector) 



Table 4.2 Comparison of Analysis to Test 

Specimen c• Ct /e2 

mm 

wl 75 1 

w2 75 0 

w3 75 0 

w4 75 -1 

w5 75 0 

w6 75 1 

w7 100 1 

w8 75 I 

w9 75 -1 

* C = cavity; 
* * e = eccentricity 
*** a= away from veneer; 

t= towards veneer 

a 
e** *** 

or t 

ti 3 a 

ti 3 a 

t / 3 

t / 3 NIA 

t/3 a 

tl2 t 

t / 3 

t / 2 a 

t/2 NIA 

92 

Pu Pu Analysis 
Slende Analysis· Test / Test 
mess 

kN kN 

27.8 447.8 451.0 0.993 

27.8 938.0 818.5 1.146 

27.8 662.0 651.9 1.015 
913.6 1.401 

27.8 1198.0 1200.1 0.998 

27.8 938.0 815.5 1.150 

27.8 236.4 251.4 0.940 

27.8 424.4 424.0 1.001 

27.8 168.7 166.0 1.016 

27.8 738.0 822.9 0.897 



0.004 

block wythe 
/ connector 

brickwythe /. 
s 

V-tie 

cavity 

Figure 4.1 Finite element mesh 

Stress 
t' 
rn - -

I 

.83f m 

0.0001 

0.001 0.002 0.004 
ft 

Figure 4.2 Stress-strain curve for masonry 
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Strain 









































Table 5.1 Properties, Loading Conditions and the Ultimate Capacity of the Specimens 

1 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Series I Specimen fm' a. b1 b2 Elbr1/Elb10 L Lit C e/t a ort e1/ e2 Mu Pu 

block block brick block 
P=O 

MPa mm mm m mm kN-m kN 

WS1 19.3 721 90 190 0.0524 5.285 27.8 75 0 NIA NIA 2061.0 

WS2 19.3 721 90 190 0.0524 5.285 27.8 75 1/6 . a 1 1115.6 

WS3 19.3 721 90 190 0.0524 5.285 27.8 75 P= O a 1 12.37 
1 I 

WS4 19.3 721 90 190 0.0524 5.285 27.8 75 1/12 a 1 1442.3 

WS5 19.3 721 90 190 0.0524 5.285 27.8 75 1/3 a 1 447.8 

WS6 19.3 721 90 190 0.0524 5.285 27.8 75 1/2 a 1 168.7 

WSB1 19.3 721 90 190 0.0524 5.285 27.8 75 1/3 a 1 447.8 
2 I 

WSB2 19.3 721 90 140 0.128 3.900 27.8 75 1/3 a 1 206.1 

.... .... 
w 



Table 5.1 (cont'd) 

fm' a. b1 b2 Elbri/Elblo L L/t C e/t a ort e1/ e2 Mu Pu 
Series I Specimen 

block block brick block P= o 
MPa mm. mm m mm kN-m kN 

WSB3 19.3 721 90 240 0.0301 6.490 27.8 75 1/3 a 1 825.6 

WSB4 19.3 721 90 190 0,0524 3.485 18.3 75 1/3 a 1 667.3 

WSB5 19.3 721 90 140 0.128 2.562 18.3 75 1/3 a 1 300.9 

2 I 
WSB6 19.3 721 90 240 0.0301 4.392 18.3 75 1/3 a 1 1230.0 

WSB7 19.3 721 90 190 0.0524 7.085 37.3 75 1/3 .a 1 351.8 

WSB8 19.3 721 90 140 0.128 5.222 37.3 75 1/3 a 1 181.6 

WSB9 19.3 721 90 240 0.0301 8.904 37.3 75 1/3 a 1 559.9 

WSEI 19.3 721 90 190 0.0524 5.285 27.8 75 1/3 a 1 447,8 

WSE2 19.3 850 90 190 0.0469 5.285 27.8 75 1/3 a 1 495.2 

WSE3 19.3 1000 90 190 0.0399 5,285 27.8 75 1/3 a 1 539.6 
3 I . 

WSE4 19.3 721 90 190 0.0524 3.485 18.3 75 1/3 a 1 667.3 

WSES 19.3 850 90 190 0.0469 3.485 18.3 75 1/3 a I 739.4 

WSE6 19.3 1000 90 190 0.0399 3.485 18.3 75 1/3 a 1 811.3 

WSE7 19.3 721 90 190 0.0524 7.085 37.3 75 1/3 a 1 351.8 

--~ 



Table 5.1 (cont'd) 

fm' a. b1 bi Elbri/Elblo L 
Series I Specimen 

Lit C e/t a or t ei/ e2 Mu Pu 

block block brick block 
P=O 

MPa mm mm m mm kN-m kN 

WSE8 19.3 850 90 190 0.0469 7.085 37.3 75 113 a 1 386.0 

WSE9 19.3 1000 90 190 0.0399 7.085 37.3 75 113 a 1 421.6 

WSFl 10.0 1399 90 190 0.0524 5.285 27.8 75 1/3 a 1 398.2 

WSF2 19.3 721 90 190 0.0524 5.285 27.8 75 1/3 a I . 447.8 
4 I 

WSF3 25.0 560 90 190 0.0524 5.285 27.8 75 113 a 1 477.2 

WSF4 10.0 1399 90 190 0.0524 3.485 18.3 75 1/3 a 1 496.3 

WSF5 19.3 721 90 190 0.0524 3.485 18.3 75 113 a 1 667.3 

WSF6 25.0 560 90 190 0.0524 3.485 18.3 75 1/3 a 1 706.3 

WSF7 10.0 1399 90 190 0.0524 7.085 37.3 75 113 · a· 1 316.4 

WSF8 19.3 721 90 190 0.0524 7.085 37.3 75 1/3 a l 351.8 

WSF9 25.0 560 90 190 0.0524 7.085 37.3 75 1/3 a 1 371.6 

WSL1 19.3 721 90 190 0.0524 7.085 37.3 75 0 NIA NIA 1560.0 

5 I WSL2 19.3 721 90 190 0.0524 7.085 37.3 75 1/12 a 1 1095.2 

WSL3 19.3 721 90 190 0.0524 7.085 37.3 75 1/3 a 1 351.8 --VI 



Table 5.1 (cont'd) 

fm' a b1 b2 Elbri/Elbto L L/t C e/t a or t e1/ ei Mu Pu 
Series I Specimen 

block block brick block 
P=O 

MPa mm mm m mm kN-m kN 

WSL4 19.3 721 90 190 0.0524 7.085 37.3 75 1/2 a 1 208.5 

5 I WSL5 19.3 721 90 190 0.0524 7.085 37.3 75 P=O a 1 11.5 

WSL6 19.3 721 90 190 0.0524 7.085 37.3 75 1/6 a 1 734.3 

WSSl 19.3 721 90 190 0.0524 3.485 .. 18.3 75 1/3 a 1 667.3 

WS$2 19.3 721 90 190 0.0524 3.485 18.3 · 75 1/6 a 1 1451.2 

6 I WSS3 19.3 721 90 190 0.0524 3.485 18.3 75 1/2 a 1 317.7 

WSS4 19.3 721 90 190 0.0524 3.485 18.3 75 P=O a 1 13.5 

WSS5 1.9.3 721 90 190 0.0524 3.485 18.3 75 0 NIA. NIA 2352.0 

WSS6 19.3 721 90 190 0.0524 3.485 18.3 75 1/12 a 1 1810.7 

WSMl 19.3 · 721 90 190 0.0524 5.285 27.8 75 1/3 a 0 939.0 

WSM2 19.3 721 90 190 0.0524 5.285 27.8 75 1/12 a 0 1650.6 

7 I WSM3 19.3 721 90 190 0.0524 5.285 27.8· 75 1/2 a. 0 463.0 

WSM4 19.3 721 90 190 0.0524 5.285 27.8 75 1/6 a 0 1411.3 

WSM5 19.3 721 90 190 0.0524 5.825 27.8 75 P=O a 0 13.67 
.... .... 
0\ 



Table 5.1 (cont'd) 

fm' a. b1 b2 Elb,;/Elb10 L 
Series I Specimen 

L/t C e/t a or t e1/ e2 Mu Pu 

block block brick block 
P=O 

MPa mm mm m mm kN-m kN 

WSM6 19.3 721 90 190 0.0524 3.485 18.3 75 1/3 a 0 1201.0 

WSM7 19.3 721 90 190 0.0524 3.485 18.3 75 1/2 a 0 689.8 

WSM8 19.3 721 90 190 0.0524. 3.485 18.3 75 1/12 a 0 2020.2 

WSM9 19.3 721 90 190 0.0524 3.485 18.3 75 1/6 a 0 1762.0 

7 I 
SMlO 19.3 721 90 190 0.0524 3.485 18.3 75 P=O a 0 13.75 

SMll 19.3 721 90 190 0.0524 7.085 37.3 75 113 a 0 610.0 

SM12 19.3 721 90 190 0.0524 7.085 37.3 75 1112 a 0 1261.6 

SMI3 19.3 721 90 190 0.0524 7.085 37.3 75 112 a 0 351.6 

SM14 19.3 721 90 190 0.0524 7.085 37.3 75 1/6 a 0 1068.8 

SM15 19.3 721 90 190 0.0524 7.085 37.3 75 P=O a 0 13.63 

SM16 19.3 721 90 190 0.0524 5.285 27.8 75 1/12 NIA - 1 1919.7 

WSM17 19.3 721 90 190 0.0524 5.285 27.8 75 1/2 NIA - 1 738.0 
8 I 

SM18 · 19.3 721 90 190 0.0524 5.285 27.8 75 116 NIA - 1 1756.8 

WSM19 19.3 721 90 190 0.0524 5.285 27.8 75 P=O NIA NIA 13.83 --...J 



Table 5.1 (conf.!!1 

fm' a. b1 b2 Elbn/Elb10 L 
Series I Specimen 

Lit C e/t a or t ei/ e2 Mu Pu 

block block brick block 
P=O 

MPa mm mm m mm kN-m kN 

WSM20 19.3 721 90 190 0.0524 5.285 27.8 75 113 NIA - 1 1248.0 

WSM21 19.3 721 90 190 0.0524 3.485 18.3 75 1112 NIA -1 2224.8 

WSM22 19.3 721 90 190 0.0524 3.485 18.3 75 1/2 NIA - 1 767.2 

WSM23 19.3 721 90 190 0.0524 3.485 18.3 75 1/6 NIA - 1 1856.0 

WSM24 19.3 721 90 190 0.0524 3.485 18.3 75 P=O NIA NIA 13.73 
8 I 

WSM25 19.3 721 90 190 0.0524 3.485 18.3 75 113 NIA - 1 1253.6 

WSM26 19.3 721 90 190 0.0524 · 7.085 37.3 75 1/12 NIA - 1 . 1492.0 

WSM27 19.3 721 90 190 0.0524 7.085 37.3 75 1/2 NIA - 1 624.0 

WSM28 19.3 721 90 190 0.0524 7.085 37.3 75 116 NIA - 1 1397.5 

WSM29 19.3 721 90 190 0.0524 7.085 37.3 75 P=O NIA NIA . 13.66 

WSM30 19.3 721 90 190 0.0524 7.085 37.3 75 113 NIA -1 1076.0 

WAll 19.3 721 90 190 0.0524 5.285 27.8. 75. 113 t 1 47.1.0 

9 I WA7 19.3 721 90 190 0.0524 5.285 27.8 100 1/3 t 1 424.0 

WA12 19.3 721 90 190 0.0524 5.285 27.8 100 1/3 a 1 403.5 

.... -00 



Table5.1 (cont'd 

fm' a b1 b2 Elbri/Elblo L L/t C e/t aort e1/ e2 Mu Pu 
Series I Specimen 

block block brick block 

P=O 
MPa mm mm m mm kN-m kN 

WA16 19.3 721 90 190 0.0524 5.285 27.8 100 1/2 t 1 224.40 

WAI? 19.3 721 90 190 0.052.i 5.285 27.8 100 1/2 a 1 208.4 

WSl01 19.3 721 90 140 0.128 5.285 37.8 75 1/2.2 a 1 180.5 

WS102 19.3 721 90 140 0.128 5.285 37.8 75 1/2.2 t I 191.8 
9 I 

WS103 19.3 721 90 240 0.0301 5.285 22.0 75 1/3.9 a 1 1078.8 

WS104 19.3 721 90 240 0.0301 5.825 22.0 75 1/3.9 t 1 1100.0 

WS107 19.3 721 90 240 0.0301 5.285 22.0 75 1/2.7 a 1 517.6 

WS108 19.3 721 90 240 0.0301 5.285 22.0 75 1/2.7 t 1 528.6 

WS204 19.3 721 90. 190 0.0524 5.285 27.8 100 1/3 a 0 908.2 

WS205 19.3 721 90 190 0.0524 5.285 27.8 100 1/3 t 0 932.4 

WS207 19.3 721 90 190 0.0524 5.285 27.8 75 1/2 t 0 480.6 

WS208 19.3 721 90 190 0.0524 5.285 27.8 100 1/2 a 0 437.7 

WS209 19.3 721 90 190 0.0524 5.285 27.8 100 1/2 t 0 456.4 

--\0 



Table 5.1 (cont'd) 

Note: 

Column 1: 
Column 2: 
Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: 
Column 9: 
Column 10: 
Column 11: 
Column 12: 
Column 13: 
Column 14: 

Series number; 
Name of the specimens; 
fm. = Compressive strength of the block assemblage; 
a. = Em/ fm. , Coefficient between the compressive strength and the modulus of elasticity of the block assemblage; 
b1 = Thickness of the brick wythe; 
b2 = Thickness of the block wythe; 
Elt,r/Elblo = Ratio of ( El )brici/ ( EI ) block ; 

L/t = Slenderness ratios; 
C = Cavity width; . 
e/t = Ratios of the loading eccentricity to the thickness of the walls; 
a or t = The direction of the eccentricity was away (a) or towards ( t ) the brick wythe; 
e1 / e2 = Ratios of the eccentricities at the top and the bottom ends of the walls; 
Mu = The maximum moment capacity of the specimen under pure bending; 
Pu = The maximum load carrying capacity of the specimen. 

Specimens WS3, WSEl, WSB1 and WSF2 are identical; Specimens WSB4,WSE4, WSF5 and WSSI are identical; Specimens WSB7, WSE7, WSFS and 
WSLS are identical. 
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· Table 6.1 · (cont'd 

fm' a. b1 b2 Elbri/Elblo Lit 
Series I Specimen 

block block brick block 

MPa mm mm 

WSM18 19.3 721 90 190 0.0524 27.8 

WSMl9 19.3 721 90 190 0.0524 27.8 

WSM20 19.3 721 90 190 0.0524 27.8 

WSM21 19.3 721 90 190 0.0524 18.3 

WSM22 19.3 721 90 190 0.0524 18.3 

WSM23 19.3 721 90 190 0.0524 18.3 

8 

I 
WSM24 19.3 721 90 190 0.0524 · 18.3 

WSM25 19.3 721 90 190 0.0524 18.3 

WSM26 19.3 721 90 190 0.0524 37.3 

WSM27 19.3 721 90 190 0.0524 37.3 

WSM28 19.3 721 90 190 0.0524 37.3 

WSM29 19.3 721 90 190 0.0524 37.3 

WSM30 19.3 721 90 190 0.0524 37.3 

C e/t a or t ei/ e2 

. mm 

75 116 NIA - 1 

75 P=O NIA NIA 

75 1/3 NIA - 1 

75 1112 NIA - 1 

75 l/2 NIA - l 

75 1/6 NIA - 1 

75 P=O NIA NIA 

75 113 NIA - 1 

75 1/12 NIA - 1 

75 1/2 . NIA - 1 

75 116 NIA - 1 

75 P=O NIA NIA 

75 113 NIA -1 

(El) • .,.., 

xl012 

N-mm2 

8.67 

NIA 

8.70 

8.55 

7.90 

8.23 

NIA 

8.33 

13.62 

9.99 

10.27 

NIA 

9.95 

(El).rr 

xl012 

N-mm2 

6.41 

NIA 

7.44 

7.36 

.6.32 

· 7.32 

NIA 

7.60 

· 1 10.7 

4.5 

8.02 

NIA 

7.98 

-V, 
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Table 6.1 (cont'd,. 

fm' a. b1 bz Elb,lElb10 L/t C e/t a or t e1/ e2 (El)spec (El).1r 
Series I Specimen 

block block brick block x1012 x1012 

MPa mm mm mm N-mm2 N-mm2 

WAll 19.3 721 90 190 0.0524 27.8 75 1/3 t 1 10.14 6.94 

WA7 19.3 721 90 190 0.0524 27.8 100 1/3 t 1 9.47 6.16 

WA12 19.3 721 90 190 0.0524 27.8 100 1/3 a 1 8.59 6.25 

WA16 19.3 721 90 190 0.0524 27.8 100 1/2 t 1 9.71 4.46 

WA17 19.3 721 90 190 0.0524 27.8 100 1/2 a I 7.74 4.25 

WS101 19.3 721 90 140 0.128 37.8 75 1/2.2 a 1 4.46 2.67 
9 I 

WS102 19.3 721 90 140 0.128 37.8 75 1/2.2 t 1 5.01 2.77 

WS103 19.3 721 90 240 0.0301 22.0 75 1/3.9 a 1 16.38 12.4 

WS104 19.3 721 90 240 0.0301 22.0 75 1/3.9 t I 17.3 12.5 

WS107 19.3 721 90 240 0.0301 22.0 75 1/2.7 a 1 15.53 9.02 

WS108 19.3 721 90 240 0.0301 22.0 75 1/2.7 t 1 16.23 9.33 

WS204 19.3 721 90 190 0.0524 27.8 100 1/3 a 0 8.03 6.84 

WS205 19.3 721 90 190 0.0524 27.8 100 1/3 t 0 . 9.44 7.24 

WS207 19.3 721 90 190 0.0524 27.8 75 1/2 t 0 10.35 4.82 

-Ul 
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Table 6.1 (cont'd 

fm' a. b1 b2 Elbri/Elblo Lit C e/t a ort e1/ e2 (El),pec 
Series I Specimen 

block block brick block x1012 

MPa mm mm mm N•mm2 

WS208 19.3 721 90 190 0.0524 27.8 100 1/2 a 0 7.88 
9 I 

WS209 19.3 721 90 190 0.0524 27.8 100 1/2 t 0 9.89 

Notes: 

Column I: Series number; 
Column 2: Name of the specimens; 
Column 3: fm' = Compressive strength of the block assemblage; 
Column 4: 
Column 5: 

~=Err/ fm' , Coefficient between the compressive strength and the modulus of elasticity of the block assemblage; 
b1 = Thickness of the brick W)1he; 

Column 6: 
Column 7: 
Column 8: 
Column 9: 
Column 10: 
Column 11: 
Column 12: 
Column 13: 
Column 14: 

b2 = Thickness of the block W)1he; 
EibrlEib1o = Ratio of ( EI )bricw' ( EI ) block ; 
Lit = Slenderness ratios; 
C = Cavity width; 
e/t = Ratios of the loading eccentricity to the thickness of the walls; 
a or t = The direction of the eccentricity was away (a) or towards ( t) the brick W)1he; 

. ej / e2 = Ratios of the eccentricities.at the top and the bottom ends of the walls; 
(EI).pec= Stiffness for the purpose of deflection calculation at specified load; 
(EI).rr = Effective stiffness of the wall. 

(El).rr 

xl012 

N•mm2 

4.70 

4.92 

Specimens WS3, WSEl, WSBland WSF2 are identical; Specimens WSB4,WSE4, WSF5 and WSSI are identical; Specimens WSB7, WSE7, WSF8 and 
WSL8 are identical. 
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APPENDIX A 

Design Example 

Design a cavity wall, using a concrete block wythe as back-up, 90 mm clay brick as 

brick wythe, the two wythes are tied with shear connectors. The height of the wall 

between points of lateral supports is 4800 mm. The wall is vertically loaded with a 

factored dead load of I 00 kN/m and a factored live load of 100 kN/m acting at an 

eccentricity of 60 mm away from the centroid of the cross-section of the block wythe. The 

cavity is 75 mm. 

177 

Use: I'm= 15 :MPa for the concrete block,f'm = 10 :MPa for the brick, J;,= 300 :MPa 

for steel. 

Solution Trial 1 

1. Estimate the thickness of the block wythe: 

Try200 mm, 

2. Is the wall slender? ( CAN3-S304. l-94) 

kh = 4800 = 253 > 10-3 j 2)= 65 
L 190 . . ·\e

2 
• 

The wall is quite slender. 

3. Grouting and reinforcement: 

Partially grouted at 400 mm, and reinforced with ISM bars@400 mm o.c. 

4. Check if the moments are less than the minimum primary moment( CAN3-S304.1-94): 

emin = O.lt = 0.lx200 = 20 mm< 60 mm 



· 5. Compute (EI)etr : 

The modulus of elasticity of the block wythe: Em= 850x 15 = 12750 MP a · 

The moment ofinertia of the blo~k wythe: Iblock= I 0 = 507xl06 mm4 Im 

The modulus of elasticity of the brick wythe: Em = 850x IO = 8500 MP a 

The moment ofinertia of the brick wythe: Ibrick= 60.75xl06 mm4 
/ m 

(El)b,;c1c 

(El)b1ock 

60.75 X 106 
X 8500 

= 507 X 106 X 12750 = 
0
·
0799 

· L/t == 4800/190 = 25.3, e/t = 60/190 = 0.3158 

. ( j e) f L) . _( (El)bnck )~ 
(EI)eff = l 0.6-0.,\.t + 0.01\ t + 0.82l(El)block ~En.Io Eq.(6.45) 

= {0.6- 0.7x0.3158 + 0.015x25.3+ o:s2x0.0799) x6.46 xl012 

= 0._82x6.46xl012= 5.29xl012 N· mm2/m 

6. Compute the magnified moment: 

pd= 0.5, k = 1.0, Cm= 1.0 

· 1f 
2 'Pe (EJ)eff 7r 

2 
X 0.65 X 5.2 X 1012 

P = . = = 1158 kN/m 
er (1+0.5pJ(kh) 2 {l+0.25}x48002 

o = cm = 1.0 . = 121 
1-~ 1- 200 . 

Per 1158 

Mtol = PeB = 200 x 60 x 1.21 x 10-3 = 14.5 kN•m/m 

7 .. Design the wall: ( CAN3-S304.1-94) 

Eq.(6.44) 

Eq.(6.42) 

Eq.(6.41) 
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(a) Compute the factored vertical load resistance: 

Pr(max) = 0.8 (0.85 ¢Jmf'mAe) 

= 0.8 ( 0.85 X 0.55 X 15 X 132.7 X 103
) 

= 744 kN/m 

(b) Compute the factored moment resistance under pure bending: 

Check if fs = fy ? 

Where, 

C = 0.85 ab¢JmXf'm = 0.85x 0.8 x c xlOOO x 0.55xl x 15 

600 
c- x95 

600+ Jy . 

T = (;sis As = 0.85 X fs X 500,; 425 fs 

C=T 

fs=617>fy 

Hence, fs = fy 

0.85 ab¢mXf'm = ¢sis As 

0.85 X a X 1000 X 0.55 X 15 = 0.85 X 300 X 500 

a=l8.18 

.'. M = ¢;sis As (95 -a/2) = 0.85 X 300 X 500 X ( 95 - 18.18/2) 

=10.95 kN·m/m 

(c) Construct a simplified interaction diagram: 
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S 5.34 X 106 

e k = - = = 40.2 mm 
Ae 132.7 X 103 

Construct a simplified interaction diagram with three points: ( Pnnax, 0), (Pnnax/2, Pnnaxeic/2), 

The point representing the factored load Pr and magnified moment M101 (200kN/m, 

14.SkN·m/m) falls outside the interaction diagram as shown below: 

BD 

lD 

eBD 
i 9.D 

"' 
~ 4D 
C 
.J 3D 
ii 
lm 

1CD 

o~~-~~-~~_,,__~~~ 

0 2 4 6 8 n U M ffl 

IVbm!rt !ld'.l mni 

The design is not adequate. 

Solution Trial 2 
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Try 250 mm block wythe partially grouted at 400 mm and reinforced with 15M bars 

@400 mm o.c. Repeat the above design procedures: 

kh 4800 {e1 J . - = --= 20 > 10- 3 - = 6 5 L 240 . e
2 

• 

e.nin = O.lt = 0.1x240 = 24 mm< 60 mm 

The moment of inertia of the block wythe: 6 4/ htock= Io= 984x10 mm m 



(El)brick 

(EI)b,ock 

60.75 X 106 
X 8500 

= = 0.0412 
984 X 106 

X 12750 

L/t = 4800/240 = 20, e/t = 60/240 = 0.25 

( j e) f L) J (£/)brick)~ 
(£/)elf =l0.6-0.!lt +0.01\t +0.8\(£/)b/ock ~Emlo 

= (0.6 - 0.7x0.25 + 0.015x20+ 0.82x0.0412) xl2.55 x1012 

= 0.758xl2.55xl012= 9.52xl012 N· mm2/m 

Compute the magnified moment: 

pd= 0.5, k = 1.0, Cm= 1.0 

1f 
2 

,Pe (EJtff 7r 
2 

X 0.65 X 9.52 X 1012 

P - - = 2120 kN/m 
. er - (I+ o.sp d )(kh) 2 - (1 + 0.25) X 48002 

8= cm = 1.0 = 110 
1-~ 1- 200 . 

Per 2120 

Mtot = Pcl> = 200 x 60 x I.IO x 10-3 = 13.2 kN·m 

Design the wall: 

Compute the factored vertical load resistance: 

Pr(max) = 0.8 { 0.85 ,Pm/'m Ae} 

= 0.8 ( 0.85 X 0.55 X }5 X }60.85 X 103
) 

= 902 kN/m 

Compute the factored moment resistance under pure bending: 

181 



0.85 ab¢n,Xf'm = (Psis As

0.85 X a X 1000 X 0.55 X 15 = 0.85 X 300 X 500 

a = 18.18 

.'. M = .¢s/sAs (95 -a/2) = 0.85 X 300 X 500 >.< { 120 ,- 18.18/2) 

= 14.14 kN· m /m 

Construct a simplified interaction diagram with three points: ( Prmax·, 0), (P�ax/2, 

Prmaxet/2), (0, Mr). 

S 8.2 X 10
6 

ek = Ae = 160.85 X 103 = 50.98 mm
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The point representing the factored load Pr and magnified moment Mtot {200kN/m, 

14.5kN-m/m) falls inside the interaction diagram as shown below: 

1(II) 
9D 
8D 

z ;m

OJ 8D 
'll 
Cl SD 

.s 
,m 

i 

� 3D 
an 

1<D 

The design is adequate. 
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