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EVALUATION OF DESIGN PROVISIONS
FOR IN-PLANE SHEARIN MASONRY WALLS

Abstract

by Courtney Lynn Davis, MS.
Washington State University
December 2008

Chair: David I. McLean

This researchnvestigaéd current and proposed design procedures fptaine shear in
masonry walls.Procedures considered include both strength design and allowable stress design
provisions in the 2008 MSJBuilding Code Requirements and Specifications for Masonry
Structures the New Zealand masonry design standard NZS 4230:2004, the Canadian masonry
desgn standard CSA S30404, provisions in the 1997 Uniform Building Codad proposed
design equations developé&y Shing et al in 199@nd by Anderson and Priestley in 1992.
Predicted shear strengths from the various procedures were compared withfn@suéswide
range of tests of masonry walls failing in-ptane shear. The testtdaencompassed both
concrete masonry walls and clay masonry walls, all of which were fully groStatstical
analyses were performetd compare the overakffectivenessof eachset of provisions or
proposed equationParametric studies were also performed to evaltiageability of the
provisions and equations to account for the effects of specific parametersurrent MSJC
strength desigprovisions were found to pvale the best shear predictions over a wide range of
wall parametersBased on the results of this studgcommendations were madeingprove the

current MSJGtrength design arallowable 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. Variationsn the provisions include differences iformat,
assumptions aftructural behavior undesheatoadings separaterovisions forunreinforced and
reinforced elementdreatment of irplane and oubf-plane shear loadingccounting for partial
and full groutingfactors of safety, anceductiors in shear strength in plastic hinging regiorns
the US design standaBlilding Code Reqtements 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 differentlesigns.

In response to the variations in the shear provis@msimber oexperimentaktudies on
the shear performance of masonry walls and other structural elements has been conducted over
the last 25 yearsCurrent and proposed design methods weaduated for their effectiveness to
predidc measured shear strengthsTwo comprehensivestudies (NEHRP, 2@) Voon and
Ingham 2007) collectedhear data from around the world and compared the data with predicted
strengths froma 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$F - 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



equations provided a good prediction of the collected shear strengths. dipwewn and
Ingham proposed several modifications to the TCCMaR equations, and their final
recommendationfor shear desigwereincorporated into the 2004 New Zealand Stand&iiS,
2004)

The research reported in this thesis builds upon the previadest by NEHRP and
Voon and Ingham. The shedata collectedn both previous studies iscorporated into this
research, andhe methods for evaluating the effectiveness of the various provisions closely
resemble those used those studiesThis researb expands on this previousork to include
consideration ofaddtional codes as well as the allowable stress provisiohgreviously
evaluatedcodes. The goal of this researcis to providerecommendations famprovements to

theexistingMSJCshear proisions

1.2 Scope ad Objectives

The primary objective of this research is @galuate the accuracy ofarious code
provisionsand proposedequations for predicting the-plane shear strength of masonry walls.
Statistical analysisfeeachequationwas performegdandevaluations isolating the effects of wall
parameters were made. The parameters examined imolagtEnry compressive strengédmount
of shear reinforcement, level of axial compressive strassuat of vertical reinforcement

displacemat 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



of each skeof 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. Chapteregdorts ona statstical 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 variousttparameters. Chapter 5 presamsclusions reached in

this study along withecommendations fomprovements irthe current MSJC shear provisions.



CHAPTER 2
REVIEW OF CODE PROVISIONS

2.1 MSJC Building Code

The Masonry Standards Joint Committ@dSJC) Building Code Requirements and
Specification for Masonry StructuréMSJC, 2008) contains two sets of provisidos shear
design.Provisions based on Allowable Stress Design (ASD) are given in NCBa@ter2, and
provisions based orstrength Design(SD) are given in MSJC Chapter. Ihe MSJC SD
provisions for shear design are the same as those developed througgtitimal Earthquake

Hazards Reduction Program (NEHRP(B).

2.1.1 MSJC Allowable Stress DesigifASD)
The MSJCASD stear designprovisions are specified separately for unreinforced

masonryandfor 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 unreinforced masonrylue to applied seice loads arecalculated using

Equation 21.

A, (2-1)

For inplane loading, the calculated shear stresfesshall not exceed any of the

allowable stress limit&), (b) and the applicable condition of (byough(f) aslisted below.

(@)15/4,



(b) 120 psi

(c) For runningbond masonry, not grouted solid:
37 psi+ 0.45m
A,

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

37psi+ 045 N,
A,
(e) For ruming bond masonry grouteslid:
. N
60psi+ 0.45—
A,

(f) For stack bond masonry otheathopen end units grouted solid:
15 psi

No allowable stress limits are specified in Section 2.2.5 fopbptane 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 fahose without flexural tension

Reinforced masonry embes that ae subjected to flexural tension are to be design
accordance wittMSJC Sctiors 2.3.5.2and 2.3.5.3.Shear stregs due to service loadse
calculated using @uation 22.

\%

- 2-2)

3

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

partially grouted sectionsThe calculatedshear stregs f,, shall not exceed thapplicable

5



allowable stress limit,F,, given in MSJC Section 2.3.5.2.2 aad listed below. For flexural
memberg(i.e., for beams)F, is given by Equation-3. Forshear wal with M/Vd ratiosless
thanl, F, is given by Kuation 24. For dear walls withM/Vd ratios greatethanor equal tol,

F\is givenby Equation 25.

F, = \/a <50psi (2-3)
1 M .y M ,

e e

F, = \/a <35psi (2-5)

If fy is less than or equal to thpicableF, limit, the masonrys assumed to provide the
entire shear strength and shezinforcement is not required.flfis greater than the applicalite
limit, the masonry is assumed to carry no shearss@rreinforcement must be provided
accordance with MSJC Section 2.3.5.3

For reinforced masonry subjectedflexural tension and wheret has been determined
that shear reinforcement is requirele shear reinforcement is to comply with MSJC Section
2.3.5.3. The minimunarea ofsheareinforcenent,A,, at a spacings, shall be determined using
Equation 26.

A = Vs (2-6)

S
The shear reinforcement is to be provided parallel to the direction of the applied shear force with
a spacing nato exceed the lesser df2 or 48 in Reinforcement is also required perpendicular to

the shear reinforcement with an aequal to at least 1A3and with a spacing not txeeed 8 ft



When shear reinforcement is provideag shear stresander service load$, calculated
using Equation 22, shallnot exceedhe applicable allowable stress limk,, as givenn MSJC
Section 2.3.5.2.3 andslisted below. For flexural membergi.e., for beams) F, is given by
Equation 27. For shear walls witM/Vdratios less than E, is given by Equation-8. For shear
walls with M/Vd ratios greatethanor equal to 1F, is givenby Equation 29. In effect, these
limits provided an upper bound on the shear strength permitted in reinforced masonry snember

no matter the amount of shear reinforcement that is provided.

F, =3.0/4a, <150psi (2-7)
(V4 (MY & _sg M ]
F, _[Zj{zl (Vdﬂﬁ <120-4q 01 28)
F,=15/a,; <75psi (2-9)

Reinforced masonry members that are not subjectBexaral tensiorare to be designed
in accordance with either the requirements of MSJC Section 2.2.5 for unreinforced masonry or
with the requirements of MSJCe&ion 2.3.5.1.This later section equires that shear
reinforcement complying with MSJC Section 2.3.5.3 bevigied 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 betwgaana

shear and oubf-plane shear.

2.1.2 MSJC Strength Design(SD)
The MSJC SD shear design praiens are specified separately for unreinforced masonry

and for reinforced masonry.



2.1.2.1 Unreinforced Masonry
SD shear design provisions for unreinforced masonry are given in MSJC Sectbn 3.2.

The rominal shear strengthV,, is specified asthe smallest of (a), (b) and the applicable

condition of (c) through (fas listed below

(a) 3.8A,ya .,
(b) 300A,
(c) For running bnd masonry not solidly grouted:

56A, +0.45N,,

(d) For stack bondhasonry with pen end units and grouted solid:

56A, +0.45N,

e) For running bond masonry grouted solid:

90A, +0.45N,,

(f) For stack bond other thapen end unitgrouted solid:
23A
For design, the factored shear ®y¥¢,, shall not exceed the nominal shear strength,
times the strengtireduction factor;?, for shear 0D.80.

The MSJC SD provisions for unreinforced masonry do not distinguish betwgpéamne

shear and owdf-plane shear.

2.1.2.2 Reinforced Masonry
SD shear design provisions for reinforced masonry are given in MSJC SectioTBe3.4.

nominal shear strength,, is given as the sum of the nominal shear strength provided by the



masonry Vnm and the nominal shear strength provided by the shear ranfert,V,s, as shown
in Equation 210.

Vh=Vam+ Vis (2-10)

For design, the factored shear forgg, shall not exceed the nominal shear strength,
timesa sheastrength reduction factor,?, of 0.80.

The nominakhear strengthv,, is given by Equation-21. The first term in this equation
represents thstrength contribution from the masonand the second term represents the shear
strengthcontribution from theapplied axialcompressivdoad. The third term represents the

nominalshear strength provided by the shear reinforcenvgat,

V, = {4.0—175( M, Hpm/a_m +0.25P, +05(%jfydv (2-11)

V.d,
The nominal shear strengthf,, shall not exceed®.0A ./ f'  for walls with values of

My/V. 0, less than or equal to 0.25. A linon V, of 4.0,6\1\/1‘_'m applies forvalues ofM,/V,d,
greater than or equal to 1.0. Ady/V,d, values between 0.25 and 1tBe maximum value o¥,
is linearly interpolated. Values fovl,/V,dy need not be taken greater than 1.0 and shall be taken
as a positie number.

The MSJC SD provisions for reinforced masonry do not distinguish betwegdana

shear and owdf-plane shear.

2.1.3 MSJC Notation

e A, =net crosssectional area of a member
e A, = crosssectional area of shear reinforcement

e b= width of section



d = distance from extreme compression fiber to centroid of tension reinforcement
dy = actual depth of a member in direction of shear considered
Fs = allowable tensile or compressive stress in reinforcement
v = allowable shear stress in masonry
f 0= specified compressive strength of masonry
fy = calculated shear stress in masonry
fy = specified yield strength of steel for reinforcement or anchors
I» = moment ofnertia of net crossectional area of a member
M = maximum moment at the section undensideration
M, = factored moment
Ny = factored compressive force acting normal to the shear surface that is associated with
theV, loading combination case under consideration
N, = compressive force acting normal to the shear surface
P, = 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
V, = factored shear force

i1 = strengthreduction factor

10



2.2 Uniform Building Code
The Uniform Building Code (UBL(ICBO, 1997) contains two sets of provisions for
shear design. Provisions based on working stress design (WSD), equivalent to ASD aire give

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

2.2.1 UBC Working Stress DesignWSD)
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 provisiorfer unreinforced masonrare givenin UBC Section
2107.3. Shear stresses in beams and shear walls due to service loads are calculated using

Equation 212.

f=— 2-12
A (2-12)

This shear sess,f,, shall not exceed the applicable allowable stress IFgjtgiven in
UBC Sectiors 2107.3.6 and 2107.3ahd as listed below. For flexural members (i.e., for beams),
Fyis given by Equation-23.

F,=./a, <50psi (2-13)

For shear lls, F, is given bythe applicable condition dquatiors 2-14 through 216.

Clay units:  F,=0.3,/a, <80psi (2-14)
Concreteunits, Type M or S mortar F, =34 psi (2-15)
Concrete units, Type N mortar:  F, =23psi (2-16)

11



In addition, the allowable shear streBg, 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 betwg#aria

shear andut-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 Bquation 2

\%

a, =—
bjd

(2-17)

For members of T or | section, the width of the welgshall be substitute for the width,
b. This shear stress,, fshall not exceed the applicable allowable stress IFpitgiven in UBC
Sections 2107.2.8 and 2107.2.9 and as listed bétowflexural members (i.e., for beams),i$
given by Equation-28.

F,=./a, <50psi (2-18)

For shear walls with M/Vd ratios of less than 1,d-given by Equation-29. For shear

walls with M/Vd ratios greater or equal to 1,i§ given by Equation-20.

e e

F, =Ja, <35psi (2-20)
If f,is less than or equal to the applicabldimit, the masonry is assumed to provide the

entire shear strength and shear reinforcement is not requifet. ¢reater than the applicalite

12



limit, the masonry is assumed to carry no shearsiedr reinforcement must be provided in
accordance witluBC Section 207.2.17.

For reinforced masonrsectionsvhere it has been determined that shear reinforcement is
required, the shear reinforcement is to comply WIBC Secton 2107.2.17 The areaequired

for shear reinforcemendlaced perpendicular tihe longitudinal reinforcement is computed by

Equation 221.
Vs

== 2-21

A= (2-21)

The shear reinforcement is be spaced so that every 4legree line extending from a
point atd/2 to the longitudinal tension bars shall be crossed byaat e line of web (shear)
reinforcement.

When shear reinforcement is provided, the shear stress under servicé, |lcatis)lated
using Equation A7, shall not exceed the applicable allowable stress IFgitas given inUBC
Section 207.2.9and aslisted below. For flexural memberse(, for beams),F, is given by

Equation 222.

F,=30,/a, <150psi (2-22)

For shear walls witiM/Vd ratios less than 1F, is given by Equation-23. For shear
walls with M/Vd ratios greatethanor equal to 1F, is given by Equation-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.

F, = @JP— (\/Mdﬂ\/a <120- 45(\%) (223

F,=15Ja, <75psi (2-29)

13



The UBC WSD provisions for reinforced masonry do not distinguish betwegaaime

shear and oubf-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 strengthis generallygiven as the sum of the nominal
shear strength provided by the masonfy, and the nominal shear strengtfoyoded by the
shear reinforcemenv, as shown in Equation25.

Vn=Vnm+ Vs (2-25)

For design, the factored shear forgg, shall not exceed the nominal shear strength,
times the strengtheduction factor,7, for sheaof 0.6Q Howeverthe value of? may be taken
as 0.8 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 oubf-plane loads in UBC Section 2108.2.4.5, and for walls undplaime loads in
UBC Section 2108.2.5.5.

For beams, the strength contribution from the masowy,is given by Equation-26.

The nominal shear strength coefficie@t, is dependent on thd/Vd ratio. WhenM/Vd is less
than or equal to 0.25, th&y is =2.4. IfM/Vdis greater than or equal 1000, therCyis 1.2. For
M/Vd values between 0.25 and 1.0Q; is interpolated. The strength provided by the shear

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

6.0A,/ ', <380A, for beams with values dfi/Vd less tha or equal to 0.25the maximum

value of V, is 4.0A,/f',, <250A,for values ofM/Vd greater than or equal to 1.0, atfte

14



maximum value ofV, is linearly interpolatedfor M/Vd values between 0.25 and 1.0
Additionally, the value otV is taken as zero for any beam region subjected to net tension

factored loads.
V, =C,A./f) <63C,A (2-26)
Ve =Al.f, (2-27)

Transverse (shear) reinforcement is required in beams wWhesxceedsV,. When

transverseeinforcement is required, the following provisions apply:

Shear reinforcement shall be a single bar with ad3free hook at each end.

Shear reinforcement shall be hooked around the longitudinal reinforcement.

e The minimum transverse shear reinforcematiorshall be 0.0007.

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

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

For outof-plane loads on walls which have veafitoad stressesinder unfactored loads
greater than 0.04 ., bNf less than 0.2 ., &jdwith a wall slenderness ratib Njhat does not

exceed 30, the nominal shear strengthjs given by Equation-28.

V, =24,,/T; (2:28)

For inplaneloads on walls,ite nominal shear strengti,, is given by Equation -29.
The first term in this equation represents the strength contribution from the masggragd the
second term represents the nominal shear strength provided by the shear reinfokéeifieat,

nominal shear strength coefficiel, is 2.4 forM/Vd less than or equal to 0.264 is 1.2 for
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M/Vd greater than or equal to 1.00, a@glis interplated forM/Vd values between 0.25 and

1.00.
Vo = CoAnn/ fr + Ansy (2-29)
The value ofV, shall not exceed®.0A,/ f',, <380A, for walls with values oM/Vd less

than or equal to 0.25, the maximum valud/pfs 4.0A,/ f',, < 250A, for values ofM/Vd greater

than or equal to 1.0, and the maximum valueVgfis linearly interpolated foM/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 developmenf 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 wiile shear contribution from the masonry is takeneas and
the nominal shear strength shall be determineBduation2-30. The required shear strength for
this region shall be calculated at a distabhg® above the base of the shear wall, but not to
exceed one half story height. For the other regiantiminal shear strength of the wall shall be

determined byEquation2-29.

Vo =Andnfy (2-30)

2.2.3 lhiform Building Code Notation
o A.= effective area of masonry

e A, = net area of masonry section bounded by wall thickness and length of section in

direction of shear force considered

e A, = crosssectional area of shear reinforcement
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b = effective width of rectangular section or width of flange for T and | sections

b & width of web in T or | section

Cq = 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

F, = allowable shear stress in masonry

f 0= specified compressive strength of masonry

fy = computed shear stress due to design load

fy = specified yield strength of steel for reinforcement or anchors

h & effective height of wall

| = ratio or distance beten centroid of flexural compressive forces and centroid of
tensile forces of deptidl,

M = maximum moment at the section under consideration

s = spacing of reinforcement

t = effective thickness of wall

V = total design shear force

V» = nominal shear strength

V, = factored shear force

} n = ratio of distributed shear reinforcement on plane perpendicular to plane A

i1 = strengthreduction factor
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2.3 New Zealand Standard 4230:2004

The New Zealand Standaf@esign of Reinforced Concrete Masonry Structyiéz&s,
2004) provisios for shear design are givenSection 10.3The design shear force from ultimate
limit state loads)’, shallnot exceed the nominal shear strenith times the strengthreduction
factor, /7, for sheawof 0.75.

The nominalshearstrengthis givenas the specified shear stregg,times the effective
area of the section, as given by Equatiedil2 The effective argab,d, is definedin Figure 2.1
for in-plane and oubf-plane loadigs and for full ad partial grouting

V, =v,b,d (2-31)

The specified shear stresg consists of a contribution from the masonmy,, a
contribution from any axial loadj, and a contribution from the shear reinforcemeat, The
threecomponents are defined by Equation82 233 and 234, respectively.The total shear

stressy,, may not exceed the stress limy, as defined in Table 2.1.

v, =C,+C, (2-32)
m 1 2 _bm
N *
v,=09 0 d tana (2-33)
f
v, =G, T;’W 2 (2-34)
S

The shear strength coefficie@t in the vy, equationaccounts for the shear contribution
from dowel action of the longitudinal steahd is defined by Equation-35 for longitudinal
reinforcing ratios greater than 0.07% he shear coefficier®; is a function ofthe wall aspect
ratio. For hJ/L,, less than 0.25C; is equal to 1.5For h/L,, greater than one;; is equal to 1.0.

For hd/L,, greater than or equal to 0.25 and less than or equal t€;li®define by Huation 2
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37. Beams and columns haveCavalue equal to 1.0. Values ftre basic shear stresgy, are
given inTable2.1 as a function obbservatiortype andstresscondition Observation type refers
to the level of inspection specifietliring congtuction (see Table 2.2).

The shear stress contribution from axial loag must be less than or equal tofO«iIn
addition, the value ofN* must be less than or equal to fO8. The U term accourst for
differences inthe effective location of thexial load inwalls subjected to single or double
bending(seeFigure2.2)

The coefficientCs in the vs equation is defined a3.8 for walls and 1.0 for beams and
columns. The spacing of the shear reinforcemgntustnot exceed 015, for walls and not
exceed0.5d nor 600 mm for beams and columns. A minimum area of shearforcement,
defined by Equation-38, must be provided.

f
_ y
=33 300 (2-35)

Pw = G+ Aps/{Wd (2-36)

C,= 0.42{4 = 1.75(*%” (2-37)

0.150,s
A= (2-39)

y

2.3.1 New Zealand Standard Notation

e Ays= area of prestressed reinforcement in flexural tension zone
e A= area of nonprestressed reinforcement

° v = area of shear reinforcement within a distassce,
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by, = effective web width

C;, C,, 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 Geld for prestressed
components

fy = lower characteristic yield strength of Rprestessed 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 directpamallel to longitudinal reinforcement

V* = design shear force at section

Vpm = basic typedependent shear strength of masonry

Vg = maximum permitted typelependent total shear stress

Vn = nominal shear strength of section

V, = total shear stress corresplorg to V,

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

71 = strengthreduction factor

} w = ratio oflongitudinalreinforcementn a wall
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(b) in-plane shear, partially grouted wall
d=08L,, b,=t-b

Running bond b =s but$ 3t
b, = s, but % 4t W= s butt
For case shown b, =3t

since s % 3t

Stack bond

b, = width of grouted cell
containing longitudinal
reinforcing

Running bond
b, = width of grouted cell

containing longitudinal
reinforcing

(d) Face load shear, partially grouted wall

Figure 2.1 Effective Areas for Shear
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Table 2.1 Type Dependent Nominal Strengths

Type of stress Observation type of masonry

Cc B A
Compression; f;, B 12 12*
Basic shear provided by masonry, 0.30 0.70 0.2fn
General conditions, v,
Basic shear provided by masonry in potential N/A 0.50 0.15ff
plastic hinges of limited ductile structures, v,
Basic shear provided by masonry in potential N/A 0 0
plastic hinges of ductile structures, v,
Maximum total shear, 0.80 1.50 0.45./f},
general conditions, Vg

y
-‘—-

(a) Single Bending

a2
L4
vl’
—-
TN :
| |
™ 1

(b} Double Bending

Figure 22 Contribution of Axial Load to Wall Shear Strength
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Table 2.2 Observation Types, Admissible Use andnhinal Strengths
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