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Chair:  David I. McLean  

 

This research investigated current and proposed design procedures for in-plane shear in 

masonry walls.  Procedures considered include both strength design and allowable stress design 

provisions in the 2008 MSJC Building Code Requirements and Specifications for Masonry 

Structures, the New Zealand masonry design standard NZS 4230:2004, the Canadian masonry 

design standard CSA S304.1-04, provisions in the 1997 Uniform Building Code, and proposed 

design equations developed by Shing et al in 1990 and by Anderson and Priestley in 1992. 

Predicted shear strengths from the various procedures were compared with results from a wide 

range of tests of masonry walls failing in in-plane shear.  The test data encompassed both 

concrete masonry walls and clay masonry walls, all of which were fully grouted. Statistical 

analyses were performed to compare the overall effectiveness of each set of provisions or 

proposed equation. Parametric studies were also performed to evaluate the ability of the 

provisions and equations to account for the effects of specific parameters. The current MSJC 

strength design provisions were found to provide the best shear predictions over a wide range of 

wall parameters.  Based on the results of this study, recommendations were made to improve the 

current MSJC strength design and allowable stress design provisions. 
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CHAPTER 1 

INTRODUCTION  

1.1  Background 

Design provisions for shear in masonry structures vary widely in building standards 

existing around the world.  Variations in the provisions include differences in format, 

assumptions of structural behavior under shear loadings, separate provisions for unreinforced and 

reinforced elements, treatment of in-plane and out-of-plane shear loading, accounting for partial 

and full grouting, factors of safety, and reductions in shear strength in plastic hinging regions.  In 

the US design standard Building Code Requirements and Specifications for Masonry Structures 

(MSJC, 2008), which provides separate design provisions for allowable stress design and for 

strength design, fundamental differences in the two sets of shear provisions can produce 

substantially different designs. 

In response to the variations in the shear provisions, a number of experimental studies on 

the shear performance of masonry walls and other structural elements has been conducted over 

the last 25 years.  Current and proposed design methods were evaluated for their effectiveness to 

predict measured shear strengths.  Two comprehensive studies (NEHRP, 2000; Voon and 

Ingham, 2007) collected shear data from around the world and compared the data with predicted 

strengths from a broad collection of existing and proposed shear provisions.  The NEHRP study 

provided recommendations for shear design that were largely based on the equations developed 

in the National Science Foundation (NSF) - funded Technical Coordinating Committee for 

Masonry Research (TCCMaR) program.  The TCCMaR equations are the basis for the strength 

design provisions in the MSJC Code.  The Voon and Ingham study also found that the TCCMaR 
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equations provided a good prediction of the collected shear strengths.  However, Voon and 

Ingham proposed several modifications to the TCCMaR equations, and their final 

recommendations for shear design were incorporated into the 2004 New Zealand Standard (NZS, 

2004).  

The research reported in this thesis builds upon the previous studies by NEHRP and 

Voon and Ingham.  The shear data collected in both previous studies is incorporated into this 

research, and the methods for evaluating the effectiveness of the various provisions closely 

resemble those used in those studies. This research expands on this previous work to include 

consideration of additional codes as well as the allowable stress provisions of previously 

evaluated codes.  The goal of this research is to provide recommendations for improvements to 

the existing MSJC shear provisions. 

 

1.2  Scope and Objectives 

The primary objective of this research is to evaluate the accuracy of various code 

provisions and proposed equations for predicting the in-plane shear strength of masonry walls. 

Statistical analysis of each equation was performed, and evaluations isolating the effects of wall 

parameters were made. The parameters examined include masonry compressive strength, amount 

of shear reinforcement, level of axial compressive stress, amount of vertical reinforcement, 

displacement ductility, and wall aspect ratio. 

 

1.3  Organization 

 

This thesis is comprised of five chapters. Chapter 2 contains a review of current and past 

code shear provisions as well as predictive equations. The review includes a detailed description 
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of each set of provisions. Chapter 3 provides a short summary of previous laboratory tests of 

masonry shear walls producing shear failures, including presentation of the test setup and data.  

Data from four different sources is included. Chapter 4 reports on a statistical analysis and 

comparison of the various provisions and equations with respect to predicting the shear strengths 

in the collected data set.  Chapter 4 also provides an evaluation of the ability of the provisions 

and equations to account for various test parameters. Chapter 5 presents conclusions reached in 

this study along with recommendations for improvements in the current MSJC shear provisions. 
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CHAPTER 2 

 REVIEW OF CODE PROVISIONS  

 

2.1  MSJC Building Code   

The Masonry Standards Joint Committee (MSJC) Building Code Requirements and 

Specification for Masonry Structures (MSJC, 2008) contains two sets of provisions for shear 

design. Provisions based on Allowable Stress Design (ASD) are given in MSJC Chapter 2, and 

provisions based on Strength Design (SD) are given in MSJC Chapter 3. The MSJC SD 

provisions for shear design are the same as those developed through the National Earthquake 

Hazards Reduction Program (NEHRP, 2003).  

 

2.1.1  MSJC Allowable Stress Design (ASD) 

The MSJC ASD shear design provisions are specified separately for unreinforced 

masonry and for reinforced masonry. 

 

2.1.1.1  Unreinforced Masonry 

ASD shear design provisions for unreinforced masonry are given in MSJC Section 2.2.5.  

Shear stresses in unreinforced masonry due to applied service loads are calculated using 

Equation 2-1.  

b
n

I

VQ

v
f        (2-1) 

For in-plane loading, the calculated shear stresses, fv, shall not exceed any of the 

allowable stress limits (a), (b) and the applicable condition of (c) through (f) as listed below.   

(a) mä'5.1
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(b) 120 psi  

(c) For running bond masonry, not grouted solid: 

n

v

A

N
45.0psi 37  

(d) For stack bond masonry with open end units and grouted solid: 

n

v

A

N
45.0psi 37  

(e) For running bond masonry grouted solid: 

 n

v

A

N
0.45psi 60  

(f) For stack bond masonry other than open end units grouted solid: 

15 psi 

No allowable stress limits are specified in Section 2.2.5 for out-of-plane shear stresses. 

 

2.1.1.2  Reinforced Masonry  

ASD shear design provisions for reinforced masonry are given in MSJC Section 2.3.5.  

Separate provisions for reinforced masonry are provided for members that are subjected to 

flexural tension and for those without flexural tension. 

Reinforced masonry members that are subjected to flexural tension are to be designed in 

accordance with MSJC Sections 2.3.5.2 and 2.3.5.3. Shear stresses due to service loads are 

calculated using Equation 2-2.  

bd

V
vä         (2-2) 

Note that the area used to calculate the shear stress does not distinguish between fully and 

partially grouted sections. The calculated shear stresses, fv, shall not exceed the applicable 
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allowable stress limit, Fv, given in MSJC Section 2.3.5.2.2 and as listed below. For flexural 

members (i.e., for beams), Fv is given by Equation 2-3. For shear walls with M/Vd ratios less 

than 1, Fv is given by Equation 2-4. For shear walls with M/Vd ratios greater than or equal to 1, 

Fv is given by Equation 2-5.  

50ä'mvF psi       (2-3) 

mä'4
3

1

Vd

M
Fv

Vd

M
4580 psi    (2-4) 

mä'vF    35psi       (2-5) 

 

If fv is less than or equal to the applicable Fv limit , the masonry is assumed to provide the 

entire shear strength and shear reinforcement is not required. If fv is greater than the applicable Fv 

limit , the masonry is assumed to carry no shear and shear reinforcement must be provided in 

accordance with MSJC Section 2.3.5.3.  

For reinforced masonry subjected to flexural tension, and where it has been determined 

that shear reinforcement is required, the shear reinforcement is to comply with MSJC Section 

2.3.5.3.  The minimum area of shear reinforcement, Av, at a spacing, s, shall be determined using 

Equation 2-6.  

dF

Vs
A

s

v         (2-6) 

The shear reinforcement is to be provided parallel to the direction of the applied shear force with 

a spacing not to exceed the lesser of d/2 or 48 in. Reinforcement is also required perpendicular to 

the shear reinforcement with an area equal to at least 1/3Av and with a spacing not to exceed 8 ft.  
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When shear reinforcement is provided, the shear stress under service loads, fv, calculated 

using Equation 2-2, shall not exceed the applicable allowable stress limit, Fv, as given in MSJC 

Section 2.3.5.2.3 and as listed below.  For flexural members (i.e., for beams), Fv is given by 

Equation 2-7. For shear walls with M/Vd ratios less than 1, Fv is given by Equation 2-8. For shear 

walls with M/Vd ratios greater than or equal to 1, Fv is given by Equation 2-9. In effect, these 

limits provided an upper bound on the shear strength permitted in reinforced masonry members, 

no matter the amount of shear reinforcement that is provided.  

150ä'0.3 mvF psi       (2-7) 

mä'4
2

1

Vd

M
Fv  

Vd

M
45120    (2-8) 

mä'5.1vF  75psi      (2-9) 

Reinforced masonry members that are not subjected to flexural tension are to be designed 

in accordance with either the requirements of MSJC Section 2.2.5 for unreinforced masonry or 

with the requirements of MSJC Section 2.3.5.1. This latter section requires that shear 

reinforcement complying with MSJC Section 2.3.5.3 be provided and that the allowable stress 

limits of MSJC Section 2.3.5.2.3 be met.   

The MSJC ASD provisions for reinforced masonry do not distinguish between in-plane 

shear and out-of-plane shear. 

 

2.1.2  MSJC Strength Design (SD) 

The MSJC SD shear design provisions are specified separately for unreinforced masonry 

and for reinforced masonry. 
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2.1.2.1  Unreinforced Masonry 

SD shear design provisions for unreinforced masonry are given in MSJC Section 3.2.4.  

The nominal shear strength, nV , is specified as the smallest of (a), (b) and the applicable 

condition of (c) through (f) as listed below:  

(a) mä'8.3 nA  

(b) nA300  

(c) For running bond masonry not solidly grouted: 

un NA 45.056  

(d) For stack bond masonry with open end units and grouted solid:  

un NA 45.056  

e) For running bond masonry grouted solid: 

un NA 45.090  

(f) For stack bond other than open end units grouted solid: 

nA23   

For design, the factored shear force, Vu, shall not exceed the nominal shear strength, Vn, 

times the strength- reduction factor, ה, for shear of 0.80. 

The MSJC SD provisions for unreinforced masonry do not distinguish between in-plane 

shear and out-of-plane shear. 

 

2.1.2.2  Reinforced Masonry 

SD shear design provisions for reinforced masonry are given in MSJC Section 3.3.4. The 

nominal shear strength, Vn, is given as the sum of the nominal shear strength provided by the 
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masonry, Vnm, and the nominal shear strength provided by the shear reinforcement, Vns, as shown 

in Equation 2-10.   

Vn = Vnm + Vns       (2-10) 

For design, the factored shear force, Vu, shall not exceed the nominal shear strength, Vn, 

times a shear strength- reduction factor, ה, of 0.80. 

The nominal shear strength, Vn, is given by Equation 2-11.  The first term in this equation 

represents the strength contribution from the masonry, and the second term represents the shear 

strength contribution from the applied axial compressive load. The third term represents the 

nominal shear strength provided by the shear reinforcement, Vns.  

 
vy

v

umn

vu

u

n df
s

A
.P.ä'A

dV

M
..V 5025075104   (2-11) 

The nominal shear strength, Vn, shall not exceed mn fA '0.6 for walls with values of 

Mu/Vudv less than or equal to 0.25. A limit on Vn of mn fA '0.4 applies for values of Mu/Vudv 

greater than or equal to 1.0. For Mu/Vudv values between 0.25 and 1.0, the maximum value of Vn 

is linearly interpolated. Values for Mu/Vudv need not be taken greater than 1.0 and shall be taken 

as a positive number.  

The MSJC SD provisions for reinforced masonry do not distinguish between in-plane 

shear and out-of-plane shear. 

 

2.1.3 MSJC Notation 

 

 An = net cross-sectional area of a member 

 Av = cross-sectional area of shear reinforcement 

 b = width of section 
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 d = distance from extreme compression fiber to centroid of tension reinforcement 

 dv = actual depth of a member in direction of shear considered 

 Fs = allowable tensile or compressive stress in reinforcement 

 Fv = allowable shear stress in masonry 

 fôm = specified compressive strength of masonry 

 fv = calculated shear stress in masonry 

 fy = specified yield strength of  steel for reinforcement or anchors 

 In = moment of inertia of net cross-sectional area of a member 

 M = maximum moment at the section under consideration 

 Mu = factored moment 

 Nu = factored compressive force acting normal to the shear surface that is associated with 

the Vu loading combination case under consideration 

 Nv = compressive force acting normal to the shear surface 

 Pu = factored axial load 

 Q = first moment about the neutral axis of an area between the extreme fiber and the 

plane at which the shear stress is being calculated 

 s = spacing of reinforcement 

 V = shear force 

 Vn = nominal shear strength 

 Vu = factored shear force 

 strength-reduction factor =  ה 
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2.2  Uniform Building Code  

The Uniform Building Code (UBC) (ICBO, 1997) contains two sets of provisions for 

shear design.  Provisions based on working stress design (WSD), equivalent to ASD, are given in 

UBC Section 2107, and provisions based on SD are given in UBC Section 2108. 

 

2.2.1  UBC Working Stress Design (WSD) 

The UBC WSD shear design provisions are specified separately for unreinforced 

masonry and for reinforced masonry. 

 

2.2.1.1  Unreinforced Masonry 

WSD shear design provisions for unreinforced masonry are given in UBC Section 

2107.3.  Shear stresses in beams and shear walls due to service loads are calculated using 

Equation 2-12.  

e

v
A

V
f         (2-12) 

This shear stress, fv, shall not exceed the applicable allowable stress limit, Fv, given in 

UBC Sections 2107.3.6 and 2107.3.7 and as listed below. For flexural members (i.e., for beams), 

Fv is given by Equation 2-13.  

50ä'mvF psi       (2-13) 

For shear walls, Fv is given by the applicable condition of Equations 2-14 through 2-16.  

Clay units: 803.0 mv ä'F psi     (2-14) 

Concrete units, Type M or S mortar: 34vF psi    (2-15) 

Concrete units, Type N mortar: 23vF psi    (2-16) 
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In addition, the allowable shear stress, Fv, in unreinforced masonry may be increased by 

0.2 times the computed compressive stress due to dead load. 

The UBC WSD provisions for unreinforced masonry do not distinguish between in-plane 

shear and out-of-plane shear. 

 

2.2.1.2  Reinforced Masonry  

WSD shear design provisions for reinforced masonry are given in UBC Section 2107.2.  

Shear stresses in beams and shear walls due to service loads are calculated using Equation 2-17.  

bjd

V
vä         (2-17) 

For members of T or I section, the width of the web, bô, shall be substitute for the width, 

b.  This shear stress, fv, shall not exceed the applicable allowable stress limit, Fv, given in UBC 

Sections 2107.2.8 and 2107.2.9 and as listed below. For flexural members (i.e., for beams), Fv is 

given by Equation 2-18.  

50ä'mvF psi       (2-18) 

For shear walls with M/Vd ratios of less than 1, Fv is given by Equation 2-19. For shear 

walls with M/Vd ratios greater or equal to 1, Fv is given by Equation 2-20.  

mä'4
3

1

Vd

M
Fv

Vd

M
4580 psi    (2-19) 

mä'vF    35psi       (2-20) 

If  fv is less than or equal to the applicable Fv limit, the masonry is assumed to provide the 

entire shear strength and shear reinforcement is not required. If fv is greater than the applicable Fv 
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limit, the masonry is assumed to carry no shear and shear reinforcement must be provided in 

accordance with UBC Section 2107.2.17.  

For reinforced masonry sections where it has been determined that shear reinforcement is 

required, the shear reinforcement is to comply with UBC Section 2107.2.17.  The area required 

for shear reinforcement placed perpendicular to the longitudinal reinforcement is computed by 

Equation 2-21.  

dF

Vs
A

s

v         (2-21) 

The shear reinforcement is to be spaced so that every 45-degree line extending from a 

point at d/2 to the longitudinal tension bars shall be crossed by at least one line of web (shear) 

reinforcement.  

When shear reinforcement is provided, the shear stress under service loads, fv, calculated 

using Equation 2-17, shall not exceed the applicable allowable stress limit, Fv, as given in UBC 

Section 2107.2.9 and as listed below.  For flexural members (i.e., for beams), Fv is given by 

Equation 2-22.  

150ä'0.3 mvF psi       (2-22) 

For shear walls with M/Vd ratios less than 1, Fv is given by Equation 2-23. For shear 

walls with M/Vd ratios greater than or equal to 1, Fv is given by Equation 2-24. In effect, these 

limits provided an upper bound on the shear strength permitted in reinforced masonry members, 

no matter the amount of shear reinforcement that is provided.  

mä'4
2

1

Vd

M
Fv  

Vd

M
45120    (2-23) 

mä'5.1vF  75psi      (2-24) 
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The UBC WSD provisions for reinforced masonry do not distinguish between in-plane 

shear and out-of-plane shear. 

 

2.2.2  UBC Strength Design (SD) 

The UBC SD shear design provisions are given in UBC Section 2108 and apply only to 

reinforced masonry. The nominal shear strength, Vn, is generally given as the sum of the nominal 

shear strength provided by the masonry, Vm, and the nominal shear strength provided by the 

shear reinforcement, Vs, as shown in Equation 2-25.   

Vn = Vm + Vs        (2-25) 

For design, the factored shear force, Vu, shall not exceed the nominal shear strength, Vn, 

times the strength-reduction factor, ה, for shear of 0.60.  However, the value of ה  may be taken 

as 0.80 for any shear wall when its nominal shear strength exceeds the shear corresponding to 

development of its nominal flexural strength for the factored load combination. 

The UBC SD shear provisions for beams are given in UBC Section 2108.2.3.6.2, for 

walls under out-of-plane loads in UBC Section 2108.2.4.5, and for walls under in-plane loads in 

UBC Section 2108.2.5.5.    

For beams, the strength contribution from the masonry, Vm, is given by Equation 2-26. 

The nominal shear strength coefficient, Cd, is dependent on the M/Vd ratio. When M/Vd is less 

than or equal to 0.25, then Cd is =2.4. If M/Vd is greater than or equal to 1.00, then Cd is 1.2. For 

M/Vd values between 0.25 and 1.00, Cd is interpolated.  The strength provided by the shear 

reinforcement, Vs, is given by Equation 2-27. The value of Vn shall not exceed 

eme Af'6.0A 380 for beams with values of M/Vd less than or equal to 0.25, the maximum 

value of Vn is eme Af'4.0A 250 for values of M/Vd greater than or equal to 1.0, and the 
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maximum value of Vn is linearly interpolated for M/Vd values between 0.25 and 1.0.  

Additionally, the value of Vm is taken as zero for any beam region subjected to net tension 

factored loads.  

 edmedm AC63fACV       (2-26) 

ynes fɟAV         (2-27) 

Transverse (shear) reinforcement is required in beams when Vu exceeds Vm.  When 

transverse reinforcement is required, the following provisions apply: 

 Shear reinforcement shall be a single bar with a 180-degree hook at each end. 

 Shear reinforcement shall be hooked around the longitudinal reinforcement. 

 The minimum transverse shear reinforcement ratio shall be 0.0007. 

 The first transverse bar shall not be more than one fourth of the beam depth from the end 

of the beam. 

 The maximum spacing shall not exceed half the depth of the beam nor 48 in. 

 

For out-of-plane loads on walls which have vertical load stresses under unfactored loads 

greater than 0.04 f ǋm but less than 0.2 f ǋm, and with a wall slenderness ratio hǋ/t that does not 

exceed 30, the nominal shear strength, Vn, is given by Equation 2-28.   

 mmvn f2AV        (2-28) 

For in-plane loads on walls, the nominal shear strength, Vn, is given by Equation 2-29.  

The first term in this equation represents the strength contribution from the masonry, Vm, and the 

second term represents the nominal shear strength provided by the shear reinforcement, Vs. The 

nominal shear strength coefficient, Cd, is 2.4 for M/Vd less than or equal to 0.25, Cd is 1.2 for 
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M/Vd  greater than or equal to 1.00, and Cd is interpolated for M/Vd values between 0.25 and 

1.00.   

 ynmvmmvdn fAfACV       (2-29) 

The value of Vn shall not exceed eme Af'6.0A 380 for walls with values of M/Vd less 

than or equal to 0.25, the maximum value of Vn is eme Af'4.0A 250 for values of M/Vd greater 

than or equal to 1.0, and the maximum value of Vn is linearly interpolated for M/Vd values 

between 0.25 and 1.0.   

In the case that a shear wall has a nominal shear strength which exceeds the shear 

corresponding to the development of its nominal flexural strength, two shear regions exist. For 

all cross sections within the region defined by the base of the shear wall and a plane at a distance 

Lw above the base of the shear wall, the shear contribution from the masonry is taken as zero and  

the nominal shear strength shall be determined by Equation 2-30. The required shear strength for 

this region shall be calculated at a distance Lw/2 above the base of the shear wall, but not to 

exceed one half story height. For the other region, the nominal shear strength of the wall shall be 

determined by Equation 2-29.  

 
ynmvn fɟAV         (2-30)    

 

2.2.3  Uniform Building Code Notation 

 Ae = effective area of masonry 

 Amv = net area of masonry section bounded by wall thickness and length of section in 

direction of shear force considered 

 Av = cross-sectional area of shear reinforcement 
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 b = effective width of rectangular section or width of flange for T and I sections 

 bô = width of web in T or I section 

 Cd = nominal shear strength coefficient 

 d = distance from compression face of flexural member to centroid of longitudinal tensile 

reinforcement 

 Fs = allowable tensile or compressive stress in reinforcement 

 Fv = allowable shear stress in masonry 

 fôm = specified compressive strength of masonry 

 fv = computed shear stress due to design load  

 fy = specified yield strength of  steel for reinforcement or anchors 

 hô = effective height of wall 

 j = ratio or distance between centroid of flexural compressive forces and centroid of 

tensile forces of depth, d 

 M = maximum moment at the section under consideration 

 s = spacing of reinforcement 

 t = effective thickness of wall 

 V = total design shear force 

 Vn = nominal shear strength 

 Vu = factored shear force 

 ɟn = ratio of distributed shear reinforcement on plane perpendicular to plane Amv 

    strength-reduction factor = ה 
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2.3  New Zealand Standard 4230:2004 

The New Zealand Standard Design of Reinforced Concrete Masonry Structures (NZS, 

2004) provisions for shear design are given in Section 10.3. The design shear force from ultimate 

limit state loads, V
*
, shall not exceed the nominal shear strength, Vn, times the strength-reduction 

factor, ה, for shear of 0.75.   

The nominal shear strength is given as the specified shear stress, vn, times the effective 

area of the section, as given by Equation 2-31.  The effective area, bwd, is defined in Figure 2.1 

for in-plane and out-of-plane loadings and for full and partial grouting. 

dbvV wnn          (2-31) 

The specified shear stress vn consists of a contribution from the masonry, vm, a 

contribution from any axial load, vp, and a contribution from the shear reinforcement, vs.  The 

three components are defined by Equations 2-32, 2-33 and 2-34, respectively.  The total shear 

stress, vn, may not exceed the stress limit, vg, as defined in Table 2.1. 

bmm vCCv 21         (2-32) 

tan
*

9.0
db

N
v

w

p         (2-33) 

sb

fA
Cv

w

yv

s 3          (2-34) 

The shear strength coefficient C1 in the vm equation accounts for the shear contribution 

from dowel action of the longitudinal steel and is defined by Equation 2-35 for longitudinal 

reinforcing ratios greater than 0.07%.  The shear coefficient C2 is a function of the wall aspect 

ratio. For he/Lw less than 0.25, C2 is equal to 1.5. For he/Lw greater than one, C2 is equal to 1.0. 

For he/Lw greater than or equal to 0.25 and less than or equal to 1.0, C2 is define by Equation 2-
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37.  Beams and columns have a C2 value equal to 1.0. Values for the basic shear stress, vbm, are 

given in Table 2.1 as a function of observation type and stress condition.  Observation type refers 

to the level of inspection specified during construction (see Table 2.2).  

The shear stress contribution from axial load, vp, must be less than or equal to 0.1fôm. In 

addition, the value of N* must be less than or equal to 0.1fômAg. The Ŭ term accounts for 

differences in the effective location of the axial load in walls subjected to single or double 

bending (see Figure 2.2)  

The coefficient C3 in the vs equation is defined as 0.8 for walls and 1.0 for beams and 

columns. The spacing of the shear reinforcement, s, must not exceed 0.5Lw for walls and not 

exceed 0.5d nor 600 mm for beams and columns. A minimum area of shear reinforcement, 

defined by Equation 2-38, must be provided.   

300

f
C

y

w1 33
       (2-35) 

db

AA

w

pss
w        (2-36) 

w

e
2 L

h
C 75.1442.0

      (2-37) 

y

w
v

f

sb
A

15.0
        (2-38) 

2.3.1  New Zealand Standard Notation 

 Aps = area of prestressed reinforcement in flexural tension zone 

 As = area of nonprestressed reinforcement 

 Av = area of shear reinforcement within a distance, s 
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 bw = effective web width 

 C1,  C2, C3 =  shear strength coefficient  

 d = distance from extreme compression fibre to centroid of longitudinal tension 

reinforcement, but needs not be less than 0.8Lw for walls and 0.8h for prestressed 

components 

 fy = lower characteristic yield strength of non-prestressed reinforcement 

 he = effective wall height in the plane of applied loading 

 Lw = horizontal length of wall, in direction of applied shear force 

 N* = design axial load in compression at given eccentricity 

 s = spacing of shear reinforcement in direction parallel to longitudinal reinforcement 

 V* = design shear force at section 

 vbm = basic type-dependent shear strength of masonry 

 vg = maximum permitted type-dependent total shear stress 

 Vn = nominal shear strength of section 

 vn = total shear stress corresponding to Vn  

 Ŭ = angle formed between lines of axial load action and resulting reaction on a 

component 

 strength reduction factor = ה 

 ɟw = ratio of longitudinal reinforcement in a wall
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Figure 2.1  Effective Areas for Shear 
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Table 2.1  Type Dependent Nominal Strengths 

 

 

 

 

 

Figure 2.2  Contribution of Axial Load to Wall Shear Strength 
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Table 2.2  Observation Types, Admissible Use and Nominal Strengths 

 

 

 


