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(3)

1 & H % (NSCP National Structural Code of the Philippines)

NSCP15 Chapter 7 MASONRY #HfE®E

701 =

GENERAL

—fix

701.1  Scope

The materials, design, construction and quality assurance of
masonry shall be in accordance with this chapter.

701.2  Design Methods

Masonry shall comply with the provisions of one of the
following design methods in this chapter as well as the
requirements of Sections 701 through 705.

701.2.1  Allowable Stress Design

Masonry designed by allowable stress design method shall
comply with the provisions of Sections 706 and 707.
701.2.2  Strength Design

Masonry designed by the strength design method shall
comply with the provisions of Sections 706 and 708.
701.23  Empirical Design

Masonry designed by the empirical design method shall
comply with the provisions of Sections 706.1 and 710

701.24  Glass Masonry

Glass masonry shall comply with the provisions of Section
711.

7013 Definitions

For the purpose of this chapter, certain terms are defined as
follows:

AREA, BEDDED is the area of the surface of & masonry
unit which is in contact with mortar or the surface of
another masonry unit in the plane of the joint.

AREA OF REINFORCEMENT, EFFECTIVE is the
cross-sectional area of reinforcement multiplied by the
cosine of the angle between the reinforcement and the
direction for which effective area is to be determined.

AREA, GROSS is the total
specified section

cross-sectional area of a

AREA, NET is the gross cross-sectional area minus the
area of ungrouted cores, notches, cells and unbedded areas.
Net area is the actual surface area of cross section of
masonry.

MURGE R}, B3, B L, SVERFEIIAR I LD

FAUTRB7R0,

FAREE I IAREDOLL T O— 2O FHEDH &L 701~

705 FiDBR GAE DT U2 B0,

701.2.1 FFEIEAERE

PRI TIFREHC L DMAFEIE L 706 & 707 BiOHLEIC
PERTRT LR DBIR,

701.2.2 FREEERE

AR EHC L AMRERE L 706 & 708 i E It
7R UFR B,

701.2.3 RREREIFREL

FRBRRRR FHZ L AMRERE T 706.1 & 710 Bio @Iz
PEDTRT LR BIR,

701.2.4 HFZATav ik

HIATay 7% 711 OB EITHEDIRIT RS

20,

KEDO RO, FFEZLL T OINTERT D,
AREA, BEDDED ##fiifE: % & HICH T HE/LH
IVEIIM OB =y M DM =y hO K T
Fif,

AREA OF REINFORCEMENT, EFFECTIVE A%}
FHIRA AR - R & A 2D A 2SR D D 7 [l LoD 7p g
18 FE D 4585 T T TR AT 0O Wi A,

AREA, GROSS £MWriEfé: &5k L7 Wi o 2k
TAIH,

AREA, NET EEr@EMAE[IS oM EvkbmE] ] : 2
MR T RUIRWNZER B0 k& ZERR & I 42
EREA L 72t 0, EWEE ISRl FT s
W2 RO A A TE D EEROW A ThH
e
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AREA, TRANSFORMED is the equivalent area of one
material to a second based on the ratio of
clasticity of the first material to the second.

BOND, ADHESION is the adhesion between masonry
units and mortar or grout.

BOND, REINFORCING is the adhesion between sies]
reinforcement and mortar or grout

BOND BEAM is a horizontal grouted element within
masonry in which reinforcement is embedded

CELL is a void space having a gross cross-sec

greater than 900 mm®,

CLEANOUT is an opening to the bottom of a grout space
of sufficient size and spacng to allaw the removal of
debris

COLLAR JOINT is the mortared or grouted space
between wythes of masonry

COLUMN, REINFORCED is a vertical structyral
member in which both the reinforcement and masonry resist
COMPression,

COLUMN, UNREINFORCED is g vertical structural
member whose horizontal dimension measured ar right

angles to the thickness does not exceed three times the
thickness,

DIMENSIONS, ACTUAL are the measured dimensions of
a designated item. The actual dimension shall not vary
from the specified dimension by maore than the amount

allowed in the approprate standard of quality in Section
702

DIMENSIONS, NOMINAL of masonry units are equal to
its specified dimensions plus the thickness of the joint with
which the unit is laid

DIMENSIONS, SPECIFIED are the dimensions specified
for the manufacture or construction of MAasonry, masonry
units, yoints or any other component of a structure,

GROUT LIFT is an increment of grout height within the
total grout pour

GROUT POUR is the total height of masonry wall to be
grouted prior to the erection of additional masonry., A grout
pour will consist of one or more grout lifts.

madulyg of

AREA, TRANSFORMED Z#AMERE : A he: i
PEAR LD A F SR O S5 A i A,

BOND, ADHESION #85& :#lfff1 =y TN S L E
7237 IU ME D,

BOND, REINFORCING gkfift & : ffistifi e/
NVETIXT T NE O,

BOND BEAM #EA % : MR IE D CHiBR L A3l S
NI RSNTARFIRBR[ TR OffiZBED & S
oL Eir],

CELL Z&R: &WrmfEss 900 miz#8 X A b7y V78
i,

CLEANOUT #E#A[JASS7 ol gk ]: Lg%
TEAZNIGZEVERV R DIl RESLMFEEY
B HTTINEROEIZH LN,

COLLAR JOINT TARE#EEE AFHIEDOT A A D
ENLIVETT TP EAS I ZE [,

COLUMN, REINFORCED % : fifioh i L kA RE (A
PREBIT R ABT T DN E O FH

COLUMN, UNREINFORCED #&E#fisaft::)ESIcHE
R DKRESHMOTERESD 3 {FEBR7REE
) G T VTRV [ a7 % 8

DIMENSION, ACTUAL 2~k SR EH 53 DMl
ESNT-HE, EHETHETEDD 702 Hioiy)
IR BEEEOT R BB TABL U RbRW,
DIMENSION, NOMINAL AFHE[JIS OTET =
—EOSHE ] ] M =y FOATRTEITHE
BIZED 2=y ARRESNOESTROREIZIMNZ T
HLOTHHFAEL B B Hioo H L ~HE]L
DIMENSION, SPECIFIED 7E~Hk: kA, #A
=y b, HAEITTOMOREE AR5 H5E
FIFHER DT D BES NI THEA,

GROUT LIFT ZJYbEFm:[1 RD]2rITMNE
ABIZED 7 FTMEmSOEEN,

GROUT POUR 7 ZUNEAG : Ik DAEFERAZHET
ALRNZZ TU T _REMAMBEDO R EE, 7 ITMEA
B 1 EIFEREIO ST LR S LS,
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GROUTED HOLLOW-UNIT MASONRY is that form
of grouted masonry construction in which certain
GROUTED MULTI-WYTHE MASONRY is that fort
of grouted masonry construction in which the spac
between the wythes is solidly or periodically filled wit
grout.

JOINT, BED is the joint with or without mortar that i
horizontal at the time the masonry units are placed.

JOINT, HEAD is the joint with or without mortar having :
vertical transverse plane,

MASONRY UNIT is brick, tile, stone, glass block o
concrete block conforming to the requirements specified it
Section 702.

HOLLOW-MASONRY UNIT is a masonry unit whosc
net cross-sectional areas (solid area) in any plane parallel tc
the surface containing cores, cells or deep frogs is less thar
75 percent of its gross cross-sectional area measured in the
same plane.

SOLID-MASONRY UNIT is a masonry unit whose ne
cross-sectional area in any plane parallel to the surface
containing the cores or cells is at least 75 percent of the
gross cross-sectional area measured in the same plane.

MORTARLESS MASONRY SYSTEM is a method of
masonry wall construction that eliminates the use of mortar.

PRISM is an assemblage of masonry units and mortar (if
present) with or without grout used as a test specimen for
determining properties of the masonry.

REINFORCED MASONRY is that form of masonry
construction in which reinforcement acting in conjunction
with the masonry is used to resist forces.

SHELL is the outer portion of a hollow masonry unit as
placed in masonry.

WALL, BONDED is a masonry wall in which two or more
wythes are bonded to act as a structural unit.

GROUTED HOLLOW-UNIT MASONRY 22
2=y U MEREE  Fii o=y hOBH LR ESNIC
ZERANEREL TY IU SIS TT MR,
GROUTED MULTI-WYTHE MASONRY % EUA %
o0 MEEE U A AR OZE R 2R E TS
PAZANEYATAY ik

JOINT, BED # B #: i =y MR ES DRI
TNLILDE DD DO TR BEA T,

JOINT, HEAD #t B #1: E/L 2L DAH BT H T
JE& (D) OB,

MASONRY UNIT #ff=yh:702 fiTHESND
BREMCA BT DL, AN HTAT uy %
ix=mr sV —hray s,

HOLLOW-MASONRY UNIT Z2iRff==xh: %
i« 221 - M B DI DRI AT R E DE NI
T, MR = = b FEEAE AR Ui O 2R fE D 75%
W7o 72 VR L =

SOLID-MASONRY UNIT HEMEz=vb: 22 E
T2 IXZEBR D IHHRIANCFATRE DOHEIZIWTh ., AR
2=y hOEEMAFRCHEO 2RO Db
75% CTh O 2=k,

MORTARLESS MASONRY SYSTEM PEEAZ/L
AT b BNV AR LR O NE DREIC L
DRI,

PRISM FUX LB : 7 T0 MG £ 3O~
=vbhE (BN EROLEEE) BV VEMAE
To kA FE S DO REMEEZ T O D72 DI H WA R Bk
[PRISM SPECIMEN &%,109],

REINFORCED MASONRY fHsR#ARETE : fFE KL
BITHITR 3 NI T DI I IV B SRR E
DI,

SHELL Zx=AR¥ =)V fEEIC VBV 22T
ffr = FOSMAlOHR /3 [FACE SHELL &H )],
WALL, BONDED —f&EE: — oDt =vh LT
EENTDHINCHEESINZ 2 EEEERLU EOUAR
WZ L OMFEIE DEE,
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WALL, CAVITY is a wall containing continuous air space
with a minimum width of 50 mm and a maximum width of
100 mm between wythes which are tied with metal ties.

WALL TIE is a mechanical metal fastener which connects
wythes of masonry to each other or to other materials.

WEB is an interior solid portion of a hollow-masonry unit
as placed in masonry.

WYTHE is the portion of a wall which is one masonry unit
in thickness. A collar joint is not considered a wythe.

b = cffective width of rectangular member or width
of flange for T and I sections, mm

factored shear force supported by anchor bolt,
kN

701.4 Notations
,

A, = cross-sectional area of anchor bolt, mm*

A, = ecffective area of masonry, mm?

A, = gross area of wall, mm’

A}h = total area of special hnrizuplu] reinforcement
through wall frame joint, mm®

A,,, = net area of masonry section bounded by wall
thickness and length of section in direction of
shear force considered, mm?

AP = area of tension (pullout) cone of embedded
anchor bolt projected onto surface of masonry,
nnlf

A, = effective cross-sectional area of reinforcement
in column or flexural member, mm°

Ase = effective area of reinforcement,

Ay, = total cross-sectional area of rcctfmgular tie
reinforcement for confined core, mm?

A, area of reinforcement required for shear
reinforcement  perpendicular to longitudinal
reinforcement, mm’

A; = effective cross-sectional area of compression
reinforcement in flexural member, mm?®

a depth of equivalent rectangular stress block, mm

a, = nominal balance depth of equivalent rectangular
strength stress block, mm

B,, = nominal shear strength of anchor bolt, kN

B, = allowable tensile force on anchor bolt, kN

B, = nominal tensile strength of anchor bolt, kN

B, = allowable shear force on anchor bolt, kN

WALL, CAVITY Z_EHEE:&BOX A THIENZTA
AN HR/]S 50mm, Fx K 90mm DiEEE L7 @& E A
HDEE
WALL TIE BEEES &M (LAY A AR A £ 3o
BHTHE S T D728 5 40
WEB Ux7 fAEE I WD 2 A =y b [ 7
A AL =NV EET DD BT
WYTHE UAR SR~ =>} 1 ODIESORER ), U
A AR DHDHEIET A AL RIRE/20,
701.4 Notations #C. 5
Ap=T 2 H—RV OB EFE, i
= AR O LT A, mil

Ag=BED LT RS, i
An=BET L — I A A B T DRI KA R A 0
R, mi
Any=REELZ [T 5 AW 1 F M OBERTR O RS
THHENDABEAK D E Wik F
A=A ENTZT I — RO 58 (5 &HkE) H
HEROMFE R [~ E R, mit

=AEET Tl T A OAEIRA O LTI E AL, m
Ase= TR O A 20 W i Ak
A= T E MR T DD DR F RO [ A% —F
v 7= |OLWEE, n
A= R0 7 A IR AR I ZE A 35 A Al 3R 7 L
R AHIR A O W A, i
A= TR O FEHE AR 7 O A e B L mid

=SS ) 7 27 Ok, mif

ap=" I R G ) 7 0y 7 DAFREITV AV, nm

=T VB =R RO AR kN
Bi=7"v A —ANROFFEBIET KN
Bn= 7> /1 —H /L hOAFRS R kN

=T UA—RNVROFFER AW kN

=AM OFZEEIIT T BLE | Bl o> 7
CONE, m
bsu=T7 > J1— RNV T RFFSNDERENE LTt A
73, kN
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dpy

fmb

fs

= diameter of

= diameter of

= allowable

= computed tensile force on anchor bolt, kN
factored tensile force supported by anchor bolt,

kN

computed shear force on anchor bolt, kN

width of web in T or I section, mm

nominal shear strength coefficient as obtained
from Table 708-2

distance from neutral axis to extreme fiber, mm
dead loads, or related internal moments and
forces

distance from compression face of flexural
mgmher to centroid of longitudinal tensile
reinforcement, mm

diameter of reinforcing bar, mm

_ largest beam  longitudinal
reinforcing bar passing through, or anchored in a
joint, mm

largest beam longitudinal
reinforcing bar passing through, or anchored in a
joint, mm

load effects of earthquake, or related internal
moments and forces

modulus of elasticity of masonry, MPa
eccentricity of Py, mm

maximum usable compressive strain of masonry
loads due to weight and pressure of fluids or
related moments and forces

allowable average axial compressive stress in
columns for centroidally applied axial load
only, MPa

allowable flexural compressive stress in
members subjected to bending load only, MPa

= allowable bearing stress in masonry, MPa

allowable stress in reinforcement, MPa
compressive  stress in
reinforcement, MPa

allowable flexural tensile stress in masonry,
MPa

column

= allowable shear stress in masonry, MPa

computed axial compressive stress due to design
axial load, MPa

computed flexural stress in extreme fiber due to
design bending loads only, MPa

computed compressive stress due to dead load
only, MPa

= modulus of rupture, MPa
= computed stress in reinforcement due to design

loads. MPa

b=7F—HRNEDFE EOBIHET] KN

bu=T> A — RN C IS NDIREE L2 3E ).
kN

by="7" 1 —FRNVROFE LD AW ), kN

b'=T B FE7= i3 | BT OY =7 O, mm

Cy=3 708-2 D>HAFLIVD AT A WTiR BRI

o= SLflA SIS E T O FREE, mn

D=[EE fif BEIXBE T DT — AR T)

d= B TR O A 2> 50 07 180 5 | R AR SR A 0 L
FTOEHE, nm

o =R OE LS, mm

doo =D H 7 M DL ET B GTICT o H—&
MDHHIRAT O RE A, mm

dop= DT T DB U TR TBICT v —X
MDA O RS, mm dop LRI 2 ]

E=MEOM B R EIIBET HNEHE— AN
7

En=#AAOTEMER SR MPa

=Py OffL>, mm

emu =R DT T P REZR iR KEAEE 72
F=UEDBERELEINCLDMEFIIIEET HE—
AR

Fa= 0B M {nf B 0D % 52 1 DA D FFA - i FEAR
IS MPa

Fo= ] 7 B 0D 2% 52T 28 OO P25 1 F FEA I
. MPa

For=#BHA DT FF IS I MPa
Fs=HmRAh DFFE ST E . MPa
Fse=tEDATRG OFFA LM T, MPa

Fi= MBS IR DT T 5 [3R)5 /) FE . MPa

F = HAEIR DR WG I MPa

fa= % H A7 I BV C L DR B o s TGS )
fo=a% it F P O A KD B AMER DO EHE L il
IR B

frno = [ T Aif TE D P L DFHRL LD FERF IR T BE
=M E. MPa
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I.1

gler

x> =

b~

= computed shear stress due to design load, MPa

tensile yield stress of reinforcement, MPa

tensile yield stress of horizontal reinforcement,
MPa

specified compressive strength of grout at age of
28 days, MPa

specified compressive strength of masonry at
age of 28 days, MPa

shear modulus of masonry, MPa

loads duc to weight and pressure of soil, water
in soil or related internal moments and forces
height of wall between points of support, mm
beam depth, mm
cross-sectional
measured center to
reinforcement, mm
pier depth in plane of wall frame, mm

dimension of grouted core
center of confining

effective height of wall or column, mm

moment of inertia about neutral axis of cross-
- 4

sectional area, mm

effective moment of inertia, mm*

= gross, cracked moment of inertia of wall erosg

section, mm*

ratio or distance between centroid of flexural
compressive forces and centroid of tensile forces
of depth, d

reinforcement cover or clear spacing, whichever
is less, mm

ratio of depth of compressive stress in flexural
member to depth, d

live loads, or related internal moments and
forces

length of wall, mm

length of wall or segment, mm

embedment depth of anchor bolt, mm

anchor bolt edge distance, the least distance
measured from edge of masonry to surface of
anchor bolt, mm

required development length of reinforcement,
min

design moment, kNm

maximum moment in member at stage
deflection is computed, kNm

moment capacity of compression reinforcement
in flexural member about centroid of tensile
force, kNm

nominal cracking moment strength in masonry,
kNm

moment of compressive force in masonry about
centroid of tensile force in reinforcement, KNm

fo=a%EH H i EIC LD MR A O F LR
MPa

f=F M EICLDF A Lo AWML, MPa
f,=HHIR O 5 RIS I MPa

fon =K AR S O B IRREARIS I . MPa

fo=H it 28 H DI Z7  OBES I EAETR L
Fn=F11ln 28 R OFAEIROMIE S U7 EAE TR
G=HEE RO AW [P 1625 MPa
H=1BLLENOKICEDEELENCLAMESE
TIIBE T DN — A R T

h=3F S EOBED E S, mn

hp=ZZE%, mm

he= AR AR O LR TRl 72/ TV RS niza T
O 1%, mn

hp=BE7 L — L N7 B OFERL, mm
h=EBEL/ITAEOH B ES, mn

1= W18 00 PR ST 563 2 W 2 RE— A b, nm *
le=HZIWTH 2 RE—AN, m*

I ler="EBEWTIE & QOB L 7= BEWT i O W 2 Y€
— A b, mn?

J= R oL EG IR o H L O BRI
B d Dtk

K= /507 S0 E 1IN H RO /M S7e 77 mm
k=% d O #hITEES O JERMEIE T EE DRI R 5k
L=Fi#if B F I XBE S DN E— A R T)
Ly=BEOF-X, mn

{=BEF/ 1T A MOEE, m

b=T"2 T — RV ROHAZES, nm

the=T ¥ T —R/V D HENGO BEEE, MBS T
> B —RV R I E TRl 7o N EEE, nm

L= TR OV EER RS, m
M=%#HT—4>F, kNm

Mo =M 5 R SR s C O D KE— A
k. kNm

Me= BT R4 0D 31 95 77 0> v R LT 36377 FE s 1ol 3 175
DFE—AM /) KNm
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nominal moment strength, kNm

moment of tensile force in reinforcement abou
centroid of compressive force in masonry, kKNm
service moment at midheight of panel, including
PA effects, kNm

factored moment, kKNm

modular ratio

Es/En

= design axial load, kN

allowable centroidal axial load for reinforced
masonry columns, kN

nominal balanced design axial strength, kN
load from tributary floor or roof area, kN

nominal axial strength in masonry, kN
nominal axial load strength in masonry without
flexure, kN

factored axial load, kN

factored load from tributary floor or roof loads,
kN

factored weight of wall tributary to section
under consideration, kN

= weight of wall tributary to section under

consideration, kN _
radius of gyration (based on specified unit

dimensions or Tables 711-1, 711-2 and 711-3),
mm

ratio of area of reinforcing bars cut off to total
area of reinforcing bars at the section

section modulus, mm3

spacing of stirrups or of bent bars in direction
parallel to that of main reinforcement, mm
effects of temperature, creep, shrinkage and
differential settlement

effective thickness of wythe, wall or column,
mm

required strength to resist factored loads, or
related internal moments and forces

bond stress per umnit of surface area of
reinforcing bar, MPa

total design shear force, kN

total horizontal joint shear, kN

= nominal shear strength of masonry, kN

nominal shear strength, kN
nominal shear strength of shear reinforcement,

kN

Mo =HHFEIRDAFROOEIFLE— A MREE . kKNm
M =#AFEHR D AHIRA D B3R J1 00 HhLOT 3 2 E
JIDFE—A K, KNm

Mn=2AFE— A NEEE KNm

Ms= AR DERME 1) D LT3 2 4R A D B3R
JIDFE—AF, KNm

Mser=PA ZhRAa G Lo 0Lk mE DY —e A [
FEF]E— A2k, kNm

My=125E L= — A kNm

n=12% D= Ey/Em

P=7%G il 7 1)1 22, kN

Pa= il ARG AL DFFAY T LBl 7 16 fif 2L kN
Po=2AFRak S0 G W R 38 EE | kN
Pr=REIXRIB OB HERINO DM E, kN
Po=HAFEIR D APRI T [ 5REE | kN
Po=HAFE IR D i\ %8 A\ AR 5 1) AR
kN

Pu=fREfi5 L7l 7 i L kN

Pu =BT DR FI 1T B AT E IS L DLREE LT
&, kN

Puw=E 18 Wi TR DBEOLREE LI fif
kN

Py=5E T 5l CAE T DO EE kN
FEEEEE (RET2HEMERLITR 7111,
711-2,711-3 1248%)

1o =D WA F31F 2 2AH TR O WrikiF It § 20
A7 5 DWW AL

S=WrmmfRE. mi

S=AF =Ty T EITIOMT O EFHITTATRST
Ao R, mn

T=IREE, 7V—7" IEE AL TIC kD% %

t=TU AR, BEETITHEDOH BHES

U=FE s L7 B E B 5N — A R e
INHEGT T DI DI F R TR

U=HTR A O BN R EAL S 7V OIS T MPa
V=23 HE AR kN
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required shear strength in masonry, kN
wind load, or related internal moments in forces
factored distributed lateral load

= horizontal deflection at mid height under

factored load, mm

deflection due to factored loads, mm

ratio of area of flexural tensile reinforcement,
Ag, to area by

reinforcement ratio producing balanced strain
conditions

ratio of distributed shear reinforcement on plane
perpendicular to plane of Ay

sum of perimeters of all longitudinal
reinforeement, mm

square root of specified strength of masonry at
the age of 28 days, MPa

strength-reduction factor

Vi =12 E DK I7 R D2 AW ), kN

Vin=HHFE RO AR A WITREE | kN

Vo=t AVWTIRE KN

V=t ABIlR R O AT AR kN

V= HEAE AR 0D WA B /U R EE | KN

W= Ja\fif # F 7 1 X B3 AN — A b [in 1

and DD 2 ]

W =FREE LI 7 1R D 3 AT Ao B

As=FREE LT BIC RS P S E DK EZTE , m

A =FREAE L7 IR D2

o= TG ARAHTR A DM fE As O bdlbg TI372

< bd DFENEBDONHNTHT 5
Po=FINEUVVE TR REZAE U2 Ml He
On=TH Amy (ZTEEZRENZIIT D5 A
WAl R L
So=RINFF IO O JEFE ORI,
mm
Fm=H1il 28 FICIITDHBHEDHE
SNTHREE MPa O iR
Q=R ARIAREL

(PERK - A1)
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702 & MATERIAL STANDARDS #1k}E#E

702.1 Quality

Materials used in masonry shall conform to the
requirements stated herein. If no requirements are specified
in this section for a matenal, quality shall be based on
genemlly accepted good practice, subject to the approval of
the building official.

Reclaimed or previously used masonry units shall meet the

applicable requirements as for new masonry umits of the
same material for their intended use.

702.2 Standards of Quality
The standards listed below labeled a “UBC 97 Standard”
are also listed in Chapter 35, Part I1 of UBC, and are part of

this code. The other standards listed below are recognized
standards. See Sections 3503 and 3504 of UBC.

1. Aggregates
1.1 ASTM C144, Aggregates for Masonry Mortar

1.2 ASTM C404, Aggregates for Grout

2. Cement

2.1 ASTM (C91-93, Cement, Masonry. (Plastic
cement conforming to the requirements of UBC
Standard 25-1 may be used in lieu of masonry
cement when it also conforms to ASTM C 91-
93).

2.2 ASTM CI150, Portland Cement

2.3 ASTM C270, Mortar Cement

FAIE A I SN DRBHE, AT ISR RS T
DEMITE A LT U780, 2O R CHEHIE
T LR ESIV TR WG A B DK
WELRMELL T, — ISR O TN, LT BB
(CHASNEE IR T DL LT 5,

HWEIIFLLRIE DI O = N, EA
TRERFTOHT L MEAE - = N FRR D ] W] HEZR B
ey I % R S R O AW = AN YA TN

LUFOTUBC 97 Bk | ERRSITOD B
UBC % 35 % 5 2 SIS TR, Zoa—RoD
—HTHD, UL FICERRSNTNDZ DRMOFREIT,
ARSIk L7225 T%, UBC o 3503 #k
3504 HABRTHIL,

1. Wem, iR
1.1 ASTM C144 #AiHEN 2V EH
1.2 ASTM C404 7S NE#f

2. BA

2.1 ASTM C91-93 #HFEM A b
(UBC25-1 DRIEA T LIS FAT v
T ANZE, ASTMO1-93 (ZH HEHLL TV
LA A M ORDYIZHE ST
X))

2.2 ASTM C150 A/LETREAA

2.3 ASTM C270 ELZLEA

171




Lime

3.1 ASTM C5-79, Quicklime for Structural

Purposes

3.2 ASTM C207-91, Hydrated Lime for Masonry
Purposes. When Types N and NA hydrated
lime are used in masonry mortar, they shall
comply with the provisions of UBC Standard
ASTM C270-95, Section 21.1506.7, excluding
the plasticity requirement.

Masonry Units of Clay or Shale

4.1 ASTM C34, Structural Clay Load-bearing Wall
Tile

42 ASTM C56, Structural Clay Nonload-bearing
Tile

4.3 ASTM C62-87, Building Brick (solid units)

44 ASTM C126, Ceramic Glazed Structural Clay

4.5

4.6

4.7

4.8

4.9

Facing Tile, Facing Brick and Solid Masonry
Units, Load-bearing glazed brick shall conform
to the weathering and structural requirements of
ASTM C73-85, Section 21.106, Facing Brick

ASTM C216-86, Facing Brick (solid units)
ASTM C90-85, Hollow Brick

ASTM C67, Sampling and Testing Brick and
Structural Clay Tile

ASTM €212, Structural Clay Facing Tile

ASTM C530, Structural Clay Non-Load

bearing Screen Tile.

Masonry Units of Concrete
5.1 ASTM C55—$5. Concrete Building Brick

5.2 ASTM C90-85, Hollow and Solid Load-bearing
Concrete Masonry Units

5.3 ASTM C129-85, Non-load bearing Concrete
Masonry Units

5.4 ASTM CIl40, Sampling and Testing Concrete
Masonry Units

5.5 ASTM C426, Standard Test Method for Drying
Shrinkage of Concrete Block

KA

3.1 ASTM C5-79 #is A 1K

3.2 ASTM C207-91 #fEHDAKFIAIK
FFEHOELZLDIE NZATENA K
A K& AT, YRR iEE PR
UBC ASTM S270-95,21 & 1506.7 D #1
TE G2 ESF LT AU e b7,

A=y hOIRRES (Y H)

4.1 ASTM C34 HEIE PRS- ) BE2 A L

4.2 ASTM C56 Hit kG T IEfit /) BE 21 1

4.3 ASTM C62-87 L #i&E0 (hE=v})

4.4 ASTM C127 &7y 7 M UG IE RS T 1bbE
AN ALHEL U H BE O IR 2=
R Tt A A ELI%, ASTM C73-85 0
oAl 21106, (LB L Ot rEds
O FOERIE A LT L7272
[

4.5 ASTM C216-86 flhtL o7 (HiFE2=y})

4.6 ASTM C90-85 ZZifiL- >/

4.7 ASTM CB7 Lo 7 LA ks T2 A L it
AR LR

4.8 ASTM C212 #i& kL LAbpEZ A v

4.9 ASTM C530 it APk LI /I BESZ AV

ar7)—MAfEz =y}

5.1 ASTM C55-85 &% iz 7 —hL 277

5.2 ASTM C90-85 e L O Eiffif 1=
—h A=k

5.3 ASTM C129-85 JEffif /j=to7)—hL- 277
FF =k

5.4 ASTM C140 H> 7V 7 LBz 2
V—MfE =k
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6. Masonry Units of Other Materials
6.1 Calcium silicate

6.2 ASTM C73-BS5, Calcium Silicate Face Brick
(Sand-lime Brick)

6.3 ASTM C216, C62 or C652, Unburned Clay
Masonry Units and Standard Methods of

Sampling and ASTM C 67, Testing Unburned
Clay Masonry Units

6.4 ACI-704, Cast Stone

6.5 ASTM E92b, Test Method for Compressive
Strength of Masonry Prisms

7. Connectors

7.1 Wall ties and anchors made from steel wire
shall conform to UBC Standard 21-10, Part 11,

and other steel wall ties and anchors shall 7.

conform to A36 in accordance with UBC
Standard 22-1. Wall ties and anchors made
from copper, brass or other nonferrous metal
shall have minimum tensile yield strength of
200 MPa.

7.2 All such items not fully embedded in mortar or
grout shall either be corrosion resistant or shall
be coated after fabrication with copper, zinc or
a metal having at least equivalent corrosion-
resistant properties.

5.5 ASTM C426 =127V —h7 12 DRI
M7 ANTIE

FAF = RDIZD DB}

6.1 7 ABANLLT L

6.2 ASTM C73-85 7 Alk/i /LD NBWL LT

CRIKAL )

ASTM C216,C62 F7-1% C652, Kk L

AR 2=y " YTV Tk, ASTM C67,

HRBERT L AR = bR 1A

6.3

6.4 ACI-704 % ARAR—
T F 2TV NAN— B L Tea s
V—PA =) — 8l g, SR8
o,

6.5 ASTM E92b #HFH7") X LikiR I DA

R TT 1k

7.1 SRINDIES NI 4+ — NV EA LT T
UBC21-10, /S —h Il ITHEHLL 720 U375
T AMMDATF =N DT 4 — N EAET T
—(% UBC22-1 A36 (ZHEHLL /2T AT 720
720, 8, EEREIIIMOIESE B RO +
—)VAALT 2 F—I%, 200 MPa O /M|
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10.

Mortar

8.1 ASTM C270-95, Mortar for Unit Masonry and
Reinforced Masonry other than Gypsum

8.2 ASTM C270, Field Tests Specimens for Mortar

83 ASTM C780, Standard Test Method for
Flexural Bond Strength of Mortar Cement

Grout

9.1 ASTM CI1019-84, Method of Sampling and
Testing Grout

9.2 ASTM C476-83, Grout for Masonry

Reinforcement

10.1 ASTM AS82, Part I, Joint Reinforcement for
Masonry

10.2 ASTM A615, A616, A617, A706, A767 and
A775, Deformed and Plain Billet-steel Bars,
Rail-steel Deformed and Plain Bars, Axle-steel
Deformed and Plain Bars, and Deformed Low-
alloy Bars for Concrete Reinforcement

10.3 ASTM A496, Part 1I, Cold-drawn Steel Wire
for Concrete Reinforcement

10.

RMIRIREZH T 2b0LT D,

7.2 BNSVETTTUNIERITHDIAER
TRV I, T B TH D, 7213
BLERITH, Th, 2T D7 EbRI%ED
it &EMEEZE 358 R CHESNLLbDLET
%3

ELHIL

8.1 ASTM C270-95,f B LIS DR 2= D
E/VZ N A RAHAR G

8.2 ASTM C270,E /L4 /L iR

8.3 ASTM C780,E /L2 /LA o> #hiS 455
FERRBR T 1

AN

9.1 ASTM C1019-84, /T hdDH 7 /L &k
BT OHLE

9.2 ASTM C476-83 2Tk

i5R

10.1 ASTMA82,Part I JHFED =1 Mifinh

10.2
ASTMA615,A616,A617,A706,A767,A775
, 27V — MR O BRI I LOCESR- £k
il L—v - kI KONESH, BAERAT .
BROMRANLO FTEEK S

10.3 ASTM A496,Part I,z 7U—FH O %[
Bl AT — 1
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703 2 MORTAR AND GROUT EAZ)LET 5Tk

703.1 General

Mortar and grout shall comply with the provisions of this
section. Special mortars, grouts or bonding systems may be
used, subject to satisfactory evidence of their capabilitics
when approved by the building official.

7032 Materials

Materials used as ingredicnts in mortar and grout shall
conform to the applicable requirements in Section 702.
Cementitious materials for grout shall be ane or both of the
following: lime and Portland cement, Cementitious
materials for mortar shall be one or more of the following:
lime, masonry cement, Portland cement and mortar cement,
Cementitious materials or additives shall not contain epoxy
resins and derivatives, phenols, asbestos fibers or fire clays.
Water used in mortar or grout shall be clean and free of
deleterious amounts of acid, alkalics or organic material or
other harmful substances,

7033 Mortar

703.3.1  General

Mortar shall consist. of a mixture of cementitious materials
and aggregate to which sufficient water and approved
additives, if any, have been added to achieve a workable,
plastic consistency.

703.3.2 Selecting Proportions

Mortar with specified proportions of ingredients that differ
from the monar proportions of Table 703-1 may be
approved for use when it is demonstrated by laboratory or
field experience that this mortar with the specified
proportions of ingredients, when combined with the
masonry units to be used in the structure, will achieve the
specified compressive strength fr,,. Water content shall be
adjusted to provide proper workability under existing field
conditions. When the proportion of ingredients is not
specified, the proportions by mortar type shall be used as
given in Table 703-1.

FENANVBLOTTTNIZOREOHEICHEIL T2
Z&, BRI NSV T T NETTHAS AT
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13, BB 702 R D% D BRI A LT U e brs
W, 7T MDA NEMEHT, AIKBLURLET
URBEARD T EIEMW T TRFIUTZRBZ20, £
WAV HIRACRRMEHE, LR ORI, AREAEA
UM ARVRTUREBARBIOELZ LA IO
DA DFEIEEEL T Do BAMIBFEIZITHINA
I, AT UBIE B L OVE OFFER, A IREEEH (T =
J=IV) T AR AN HE T IR O 1A B A TiE e
BN, E/LF IR T MfE S KITIEER T,
AEREORE, T, HHEY. € OO EDE
EEERNLDET D,

1. —%
ENIVL, BA R BB DIREG ) CHE
FREFL, FTEDY —HE VT 45 AFDT= 0T +5372
KEFRRBS AP TINZ HD,
2. FEOER
# 703-1 DENZNVELE LRI DR EDEL G DOE
VHIE, FEBRE R E T B LICL T, &
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ST JEMETREE fm 250N EMGERENTZLX,
R PEKRIND, KR, BEFEOBUSRMAE T T
WM AR AT D I0 ISR SN Db D LT D,
Bl A OEIE DR ESIL TR WS, BLELO
FHIC L DBIEE 3 7031 DEBHET D,

175




Table 703-1 Mortar Proportions for Unit Masonry

PROPORTIONS BY VOLUME (CEMENTITIOUS MATERIALS) AGGREGATE
Purliws Masonry | oo Cement? | TArAted | npASURED IN A
Cement Cement _1 Lime or DAMP, LOOSE.
MORTAR | typp| ©OrBlended |\l g | N | M| 8| N | LimePutty CONDITION
Cement
Cement - M | ) i ) v
Lime
S 1 - - - over Y to ¥4
N 1 - - - | overtatol ¥
0 1 - - | over] %to2Y¥
Not less than 2 Y4 and
m M ! ) ! not miore than 3 times
M = 2 1 . - the sum of the
] ¥ - - - 1 separate vo_h_.:mu of
S - - - - 1 - cementitious
N - - - - 1 materials
Masonry |y 1 . 1 .
cement o
M - 1 - |
S Ya - . 1 -
g ” . 1 - = %
N . - . 1 R -
5] - : N 1 . N

i i -
lﬁ.mvycemmqﬁmmbﬁummuafvxmﬁdﬂ 1
‘ wmrmrmmm&emmnoﬂmcwﬂ-l(

7034  Grout

703.4.1  General

Grout shall consist of a mixture of cementitious materials
and aggregate to which water has been added such that the
mixture will flow without segregation of the constituents.
The specified compressive strength of grout, f, shall not
be less than 15 MPa

703.4.2  Selecting Propertions

Water content shall be adjusted to provide proper

workability and to enable proper placement under existing

field conditions, without segregation. Grout shall be

specified by one of the following methods:

1. Proportions of ingredients and any additives shall be
based on laboratory or field experience with the grout
ingredients and the masonry units to be used,

2. The grout shall be specified by the proportion of its
constituents in terms of parts by volume, or

3. Minimum compressive strength which will produce the
required prism strength, or

4. Proportions by grout type shall be used as given in
Tabie 703-2.

% 703-1 #fiz=vMIBITLE/NLZLEE

703.4 7'5h
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T ITNE EANEM BRI DIRE WG | IR
G DS BER LIS D IR EINZ 5, &7
T NE M H YR T f913 15 MPa UL LT huidnes
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2 Bl B DI

KB, HERT — e UT 2 L (TEEME 2 fR
L) S 52 L7 BEF O BISG S T Clili D)7 i
TAAREICT DIDIREE NI IT bR, 75
TUMNE L FOHEDOWT NI TRES T
FUTZRBZR0N,

1. FRB L OMINAORIE X, AT 5770 MR
BHs JOSIRE =y MBI 32 B = EBR F I3 FE
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2. 7T NIEREEIE IS LD MRS C X0 Bk 7z
Bl & atEEIhAbDET 5, FiE,

3. TURALHBRIE T I/ NBE A BT 585
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2T 528, FlE
4. £ 703-2 \TRENT=T T MESEIZ LD A A
THIL,

Table 703-2 Grout Proportions by Volume '

PARTS BY AGGREGATE MEASURED IN A DAMP,
YOLUME OF PARTS BY VOLUME | LOOSE CONDITION
TYPE PORTLAND OF HYDRATED
CEMENT OR LIME OR LIME ¥i C
BLENDED PUTTY ne oarse
| CEMENT
Fine . Z%wlﬁmmasumol‘thc
grout 1 Oto = volumes of the cementitious -
materials
Coarse ; 2 ;to 3 times the sum of the 1 to 2 times the sum of the
grout 1 Oto— volumes of the cementitions | volumes of the cementitious
materials materials

! firout chall attmin o minimim compeasive stromgth at 28 days of 13.5 MPa, The building oificsul muy require a compressive feld sirength lext of grows

mace in accardawce with UBC Standard 2]-]§,

7035 Additives and Admixtures

70351  Geperal
Additives and admixtures to tmortar or grout shall not be
used unless approved by the building official.

70352  Air Entrainment
Air-entraining substances shall not be used in mortar or

grout unless tests are conducted to determine compliance
with the requirements of this code.

703.53 Colors

Only pure mineral oxide, carbon black or synthetic colors
may be used. Carbon black shall be limited to a maximum
of 3 percent of the weight of the cement,

# 703-2 2=y MIBITD7IUNLE

703.5 ¥RINAN LR FNA

1.—fik

EVHIVETZNTT T RA~OUIIF I LONRFIANE,
AT B Lo CTRREN TORWIRVEAL T
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TR AVRET L, ZOI—R~DO B A
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EUAZANAN

3.4,

R RSB L) I — R T Ty ETR T AR
DIHEFHALTHL, =R T To 71T 'A D
HEORKINETETDHIL,
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704 £ 2%

704.1  General
Masonry shall be constructed according to the provision of
this section.

704.2  Materials, Handling, Storage and Preparation
All materials shall comply with applicable requirements of
Section T2, Storage, handling and preparation at the site
shall conform also the following:

I. Mazonry materials shall be stored so that at the time of
use the materials are clean and structurally suitable for
the intended use.

2. All metal reinforcement shall be free from loose mest
and other coatings that would inhibit reinforcing bond.

3. Al the time of laying, bumed clay units and sand lime
units shall have an initial rate of absorption not
exceeding 1.6 liter per square meter during a period of
one minute. In the ahsorplion fest, the surface of the
wnit shall be held 3 mm below the surface of the water.

4, Concrete masonry units shall not be wetted unless
otherwise approved.

Materials shall be stored in a manner such that
deterioration or intrusion of foreign materials s
prevented and that the material will be capable ol
meeting applicable requirements at the time of mixing
or placement.

Lyl

. The method of measuring materials for mortar and
grout shall be such that proportions of the materials can
he controlled.

MBS IIZOFHOREIE> TRBKEINDIHLDET
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S EHIBILEIIT M ORAEBFE | MENRS
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7. Mortar or grout mixed at the job site shall be mixed for
a period of time not less than three minules or mors
than L0 minutes in a mechanical mixer with the amount
of waler required to provide the desired workahility.
Hand mixing of small amounts of mortar is permitted.
Mortar may be re-tempered, Mortar or grout which has
hardened or stiffened due to hvdration of the cement
shall not he used. In no case shall mortar be used two
and one-half hours, nor grout used one and ong half
hours, after the initial mixing water has been added to
the dry ingredients at the jobsite,

- Y

Expeption:: ! Hh
Dy mixes for mortar and grouwt whick are blended i .l‘.i‘m
factory and mived ar the job site shall be mixed fn
mecharnical mivers wnill workalle, bt not to oxceed 10
minufes.

T04.3  Placing Masonry Units

T, 3.1 Mortar

The modar, when used shall be sufficiently plastic and umis
shall be placed with suiTicient pressure to extrude mortar
from the joint and produce a tight joint. Deep furrowing
which produces voids shall not be used.

When mortar is used, the initial bed joint thickness shall no
be less than & mm oF more than 25 mm; subsequent bed
joints shall not be less than & mm or more than 16 mm in
thickness.

T04.3.2  Surlaces

Surfaces to be in contact with mortar or grout shall be clean
and free of deleterious materials.
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ETD, BALPDKFNZIEE L EZ T (LU 7B /L
SVEI T TU NI L T bi2n, Wine s
B TH, WIHNRAKBBLSG O TINZ S
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T04.3.3  Solid Masonry Units

Solid masonry units shall have Tull head and bed joims.

T04.34  Hollow Masonry Units

Except for mortatless system all head and bed joints shall
be filled solidly with moriar {or a distance in from the face
of the unit not less than the thickness of the shell.

Head and hedded joims of open-ends units with beveled
ends that are to be fully grouted need not be mortared. The
heveled ends shall form a grout key which permits grout
within 16 mm of the face of the unit. The units shall he
tightly butled o prevent leakage of grout.

T04.4 Reinforcement Placing

Reinforcement details shall conform to the requirements of
thiz chapter. Metal reinforcement shall be located in
sccordance  with  the  plans  and  specifications.
Reinforcement shall be secured against displacement prior
to grouting by wire positioners or ather suilable devices at
intervals not excesding 204 bar diameters.

Tolerances for the placement of reinforcement in walls and
Mexural elements shall be plus or minus 12 mm for
eftective depth d equal o 200 mm or less, + 25 mm for d
equal o G800 mm or less bt greater than 2000 mm, and 32
mm for d greater than 600 mm. Tolerance for lemgitudinal
location of reinforcement shall be + 50 mm

T04.5  Grouted Masonry

T04.5.1  General Conditions
Grouted masonry shall be constructed in such a manner that

all clements of the masonry act together as a structural
element,
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Prior to grouting, the grout space shall be clean so that al|
spaces to be filled with prout do not contain mertar
projecticns greater than 12 mm, mortar droppings or other
foreign material. Grout shall be placed so that all Spaces
designated o be grouted shall be filled with grout and the
grout shall be confined to those specific spaces.

Grout materials and water content shall be controlled o
provide adequate fAuidity for placement without segregation
of the constituents, and shall be mixed thoroughly.

The grouting of any section of wall shall be completed in
ong day with ne interruptions greater than one hour,

Between grout pours, a horizontal construction Joint shall
be farmed by stopping all wythes at the same elevation and
with the grout stopping 4 minimum of 40 mm below a

mortar join, except the top of the wall. 'Where hond beamg
oeeur, the grout pour shall be stopped « minimum of 10 mm
below the top of the masonry,

Size and height limitations of the grout space or cell shall
not be less than shown in Table 704-1. Higher grout pous
or smaller cavity widths or cell size than shown in Tabje
T04-1 may be used when approved, if it is demonstrated
that grout spaces will be properly filled.

Cleanouts shall be provided Tor all grout pours aver 1.50 m
in height.

Where required, clearouts shall be provided in the bottom
course &l every verlical bar but shall not be spaced more
than 800 mm on center for solidly prouted masonry, When

cleanvuls are required, they shall be sealed after inspection
and before grouging,
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Where cleanouls are not provided, special Provisions must
be made to keep the bottom and sides of the ErOuL Spaces,
as well as the minimum total clear area as required by Table
704-1, clean and clear prior to grouting.

Units may be laid to the full height of the grout pour and
grout shall be placed in 2 continuous pour in zrout lifis not
exceeding 1.8 m. When approved, grout lifis may be gredater
than 1.8 m if it can be demonstrated the grout spaces can be
properly filled.

All cells and spaces containing reinforcement shall be filled
with grout.
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704,52  Construction Requirements

Reinforcement shall be placed prior w grouting. Bc-ll_s shall
e accurately set with templates of by approved equivalent
means and held in place o prevent dislocation during

grouting.

Segregation of the groul materials and damage to the
masonry shall be avoided during the grouting process.
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Grout shall be consolidated by mechanical vibration during
placement before loss of plasticity in a manner to Gl the
gprout space,  Groul pours greater than 300 mm in height
chall be reconsolidated by mechanical vibration Lo
minimize veids due to water loss. Grout pours 300 mm of
less in height shull be mechanically vibrated or puddled.

In nonstructural elements which do ot exceed 24 moin
height above the highest point of lateral support, including
fireplaces and residential chimneys, mortar of pouring
consistency may be substituted Tor grout when the masonry
is constructed and prouted in pours of 300 mm or less in
heighi.

In multi-wythe grouted masonry, vertical barriers of
masonry shall be bailt across the grout space the entire
height of the grout pour and spaced not more than ¥ m
horizontally. The grouting of any section of wall between
harriers shall be completed in one day with no inlermption
longer than one hour.

704.53  Aluminum Equipment

Groul ehall not be handled nor pumped tilizing aluminum
equipment unless it can be demonstrated with the materials
und equipment to be used that there will be no deleterious
cffiect on the strength of the grout.

70454  Joint Reinforcement

Wire joint reinforcement used in the design as principal
peinforcement  in hollow-unit  censiruction shall - he
continueus between supports unless splices are made by

lapping:

|. Fifiy wire diameters in a grouted cell, or
3. Seventy-live wire diameters in the maortared bed joint,
ar
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3 In altermate bed joints of running bond masonry a
distance not less than 50 diameters plus twice the
spacing of the bed joints, or 50 (FEREREC Ny R aA OO 2 52N %

4. As required by caleolation and specific location in - B
aress of minimum stress, such as points of inflection, = N

350 =L IR RHBED AT AR Va T,

4. RO XD 78R NE N OFEIR TOF R I LU
TE DN o TR SN D FRHAE,

Gide wires shall he deformed and shall conform to ASTM

ABZ Joint Reinforcement for Masonry. BIIER LT 63 ASTM

A82 FHFEIE D= DV aA L METRIC
BLART TR0,

(PERK - 7)
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706 i GENERAL DESIGN REQUIREMENTS

BBl

706.1 General

706.1.1  Scope

The design of masonry structures shall comply with the
allowable stress design provisions of Section 707, or the
strength design provisions of Section 708 or the empirical
design provisions of Section 710, and with the provisions of
this section. Unless otherwise stated, all calculations shall
be made using or based on specified dimensions.

706.1.2  Plans

Plans submitted for approval shall describe the required
design strengths of masonry materials and inspection
requirements for which all parts of the structure were
designed, and any load test requirements.

706.1.3  Design Loads

See Chapter 2 for design loads and load combinations.

706.1.4  Stack Bond

In bearing and nonbearing walls, except veneer walls, if
less than 75 percent of the units in any transverse vertical
plane lap the ends of the units below a distance less than
one half the height of the unit, or less than one fourth the
length of the unit, the wall shall be considered laid in stack
bond.

706.1.5 Multi-wythe Walls

706.1.5.1  General

All wythes of multi-wythe walls shall be bonded by grout
or tied together by corrosion-resistant wall ties or joint
reinforcement conforming to the requirements of Section
702, and as set forth in this section.

706.1.52  Wall Ties in Cavity Wall Construction

Wall ties shall be of sufficient length to engage all wythes.
The portion of the wall ties within the wythe shall be
completely embedded in mortar or grout. The ends of the
wall ties shall be bent to 90-degree angles with an extension
not less than 50 mm long. Wall ties not completely
embedded in mortar or grout between wythes shall be a
single piece with each end engaged in each wythe.
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There shall be at least one ¢p10 mm wall tie for each 0.40
m? of wall area. For cavity walls in which the width of the
cavity is greater than 75 mm, but not more than 115 mm, at
least one 10 mm diameter wall tie for each 0.25 m’ of wall
area shall be provided.

Ties in alternate courses shall be staggered. The maximum
vertical distance between ties shall not exceed 600 mm and
the maximum horizontal distance between ties shall not
exceed 900 mm.

Additional ties spaced not more than 900 mm apart shall be
provided around openings within a distance of 300 mm
from the edge of the opening.

Adjustable wall ties shall meet the following requirements:

1. One tie shall be provided for each 0.16 m® of wall area.
Horizontal and vertical spacing shall not exceed
400 mm. Maximum misalignment of bed joints from
one wythe to the other shall be 30 mm.

2. Maximum clearance between the connecting parts of
the tie shall be 1.5 mm. When used, pintle ties shall
have at least two 5 mm diameter pintle legs.

Wall ties of different size and spacing that provide
equivalent strength between wythes may be used.

Wall Ties
Construction

706.1.5.3 for Grouted Multi-wythe

Wythes of multi-wythe walls shall be bonded together with
at least 4.8 mm diameter steel wall tie for each 0.20 m? of
area. Wall ties of different size and spacing that provide
equivalent strength between wythes may be used.

706.1.5.4  Joint Reinforcement

Prefabricated joint reinforcement for masonry wall shall
have at least one cross wire of at least No. 9 gage steel for
cach 0.20 m® of wall area. The vertical spacing of the joint
reinforcement shall not exceed 400 mm. The longitudinal
wires shall be thoroughly embedded in the bed joint mortar.
The joint reinforcement shall engage all wythes.

Where the space between tied wythes is solidly filled with
grout or mortar, the allowable stresses and other provisions
for masonry bonded walls shall apply. Where the space is
not filled, tied walls shall conform to the allowable stress,
lateral support, thickness (excluding cavity), height and tie
requirements for cavity walls.
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706.1.6  Vertical Support

Structural members providing vertical support of masonry
shall provide a bearing surface on which the initial bed joint
shall not be less than 6 mm or more than 25 mm in
thickness and shall be of noncombustible material, except
where masonry is a nonstructural decorative feature or
wearing surface.

706.1.7  Lateral Support

Lateral support of masonry may be provided by cross walls,
columns, pilasters, counterforts or buttresses where
spanning horizontally or by floors, beams, girts or roofs
where spanning vertically.

The clear distance between lateral supports of a beam shall
not exceed 32 times the least width of the compression area.
706.1.8  Protection of Ties and Joint Reinforcement

A minimum of 16 mm mortar cover shall be provided
between ties or joint reinforcement and any exposed face.
The thickness of grout or mortar between masonry units
and joint reinforcement shall not be less than 6 mm, except
that 6 mm diameter reinforcement or bolts may be placed in
bed joints which are at least twice the thickness of the
reinforcement or bolts.

706.1.9  Pipes and Conduits Embedded in Masonry
Pipes or conduit shall not be embedded in any masonry in a
manner that will reduce the capacity of the masonry to less
than that necessary for required strength or required fire
protection.

Placement of pipes or conduits in unfilled cores of hollow-
unit masonry shall not be considered as embedment.

Exceptions:

1. Rigid electric conduits may be embedded in srmcmm!‘
masonry when_ their_ locations. have been detailed on
the approved plan. . : e |

s b

2. Any pipe or cona‘m: may. pass | vertwally or horizontally,
through any masonry by means of a sleeve atile
large enough to pass any hub or couplingior
pipeline. Such sleeves shail not be placed closerit
three diameters, center to center, nor shall s‘he}«
impair the strength of construction.
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706.1.10 Load Test

When a load test is required, the member or portion of the
structure under consideration shall be subjected to a
superimposed load equal to twice the design live load plus
one half of the dead load: 0.5D + 2L

This load shall be lefi in position for a period of 24 hours
before removal. If, during the test or upon removal of the
load, the member or portion of the structure shows evidence
of failure, such changes or modifications as are necessary to
make the structure adequate for the rated capacity shall be
made; or where approved, a lower rating shall be
established.

A flexural member shall be considered to have passed the
test if the maximum deflection D at the end of the 24-hour
period does not exceed the value of Eq. 706-1 or 706-2 and
the beams and slabs show a recovery of at least 75 percent
of the observed deflection within 24 hours after removal of
the load.

€
= — 706-1
D 300 ( )
{Z
= — 706-2
b 4,000t ( )

706.1.11 Reuse of Masonry Units

Masonry units may be reused when clean, whole and
conforming to the other requirements of this section. All
structural properties of masonry of reclaimed units shall be
determined by approved test.

706.1.12 Special Provisions in Area of Seismic Risk

706.1.12.1 General

Masonry structures constructed in the seismic zones shown
in Figure 208-1 shall be designed in accordance with the
design requirements of this chapter and the special
provisions for each seismic zone given in this section.
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706.1.12.2  Special Provisions for Seismic Zone 2
Masonry structures in Seismic Zone 2 shall comply with the
following special provisions:

1. Columns shall be reinforced as specified in Sections
706.3.6, 706.3.7 and 707.2.13.

2. Vertical wall reinforcement of at least 130 mm?’ in
cross-sectional area shall be provided continuously
from support to support at each corner, at each side of
each opening, at the ends of walls and at maximum
spacing of 1.20 m apart horizontally throughout walls.

3. Horizontal wall reinforcement not less than 130 mm? in
cross-sectional area shall be provided (1) at the bottom
and top of wall openings and shall extend not less than
600 mm or less than 40 bar diameters past the opening,
(2) continuously at structurally connected roof and
floor levels and at the top of walls, (3) at the bottom of
walls or in the top of foundations when doweled in
walls, and (4) at maximum spacing of 3.0 m unless
uniformly distributed joint reinforcement is provided.
Reinforcement at the top and bottom of openings when
continuous in walls may be used in determining the
maximum spacing specified in Item 1 of this
paragraph.

4. Where stack bond is used, the minimum horizontal
reinforcement ratio shall be 0.0007 bt. This ratio
shall be satisfied by uniformly distributed joint
reinforcement or by horizontal reinforcement spaced
not over 1.2 m and fully embedded in grout or mortar.

5. The following materials shall not be used as part of the
vertical or lateral load-resisting system: Type O mortar,
masonry cement, plastic cement, non-load bearing
masonry units and glass block.

706.1.12.3 Special Provisions for Seismic Zone 4

All masonry structures built in Seismic Zone 4 shall be
designed and constructed in accordance with requirements
for Seismic Zone 2 and with the following additional
requirements and limitations:
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1. Column Reinforcement Ties

In columns that are stressed by tensile or compressive axial
overturning forces from seismic loading, the spacing of
column ties shall not exceed 200 mm for the full height of
such columns.

In all other columns, ties shall be spaced a maximum of
0.20 m in the tops and bottoms of the columns for a
distance of the greatest among (1) one sixth of the clear
column height, (2) 450 mm, or (3) the maximum column
cross-sectional dimension.

Tie spacing for the remaining column height shall not
exceed the lesser of 16 bar diameters, 48 tie diameters, the
least column cross-sectional dimension, or 450 mm.

Column ties shall terminate with a minimum 135° hook
with extensions not less than six bar diameters or 100
mm. Such extensions shall engage the longitudinal column
reinforcement and project into the interior of the column.
Hooks shall comply with Section 707.2.2.5, Item 3.

Exceptions:

Where ties are placed in horizontal bed joints, hooks shall
consist of a 90-degree bend having an inside radius of not
less than four tie diameters plus an extension of 32 tie
diameters.

2. Shear Walls
2.1 Reinforcement

The portion of the reinforcement required to resist shear
shall be uniformly distributed and shall be joint
reinforcement, deformed bars or a combination thereof.
The spacing of reinforcement in each direction shall not
exceed one half the length of the element, nor one half the
height of the element, nor 1.2 m.

Joint reinforcement used in exterior walls and considered in
the determination of the shear strength of the member shall
be hot-dipped galvanized in accordance with ASTM A 385
& A 641.

Reinforcement required to resist in-plane shear shall be
terminated with a standard hook as defined in
Section 707.2.2.5 or with an extension of proper
embedment length beyond the reinforcement at the end of
the wall section. The hook or extension may be turned up,
down or horizontally, Provisions shall be made not to
obstruct grout placement. Wall reinforcement terminating
in columns or beams shall be fully anchored into these
elements.
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2.2 Bond

Multi-wythe grouted masonry shear walls shall be designed
with consideration of the adhesion bond strength between
the grout and masonry units. When bond strengths are not
known from previous tests, the bond strength shall be
determined by tests.

2.3 Wall Reinforcement

All walls shall be reinforced with both vertical and
horizontal reinforcement. The sum of the areas of
horizontal and vertical reinforcement shall be at least 0.002
times the gross cross-sectional area of the wall, and the
minimum area of reinforcement in either direction shall not
be less than 0.001 times the gross cross-sectional area of the
wall. The minimum steel requirements for Seismic Zone 2
in Section 706.1.12.2, Ttems 2 and 3, may be included in the
sum. The spacing of reinforcement shall not exceed 1.2 m.
The diameter of reinforcement shall not be less than 10 mm
except that joint reinforcement may be considered as a part
or all of the requirement for minimum reinforcement.
Reinforcement shall be continuous around wall corners and
through intersections. Only reinforcement which is
continuous in the wall or element shall be considered in
computing the minimum arca of reinforcement.
Reinforcement with splices conforming to
Section 707.2.2.6 shall be considered as continuous
reinforcement.

2.4 Stack Bond

Where stack bond is used, the minimum horizontal
reinforcement ratio shall be 0.0015 bt. Where open-end
units are used and grouted solid, the minimum horizontal
reinforcement ratio shall be 0. 001 bt.

Reinforced hollow-unit stacked bond construction which is
part of the seismic-resisting system shall use open-end units
so that all head joints are made solid, shall use bond beam
units to facilitate the flow of grout and shall be grouted
solid.

3. Type N Mortar

Type N mortar shall not be used as part of the vertical- or
lateral-load-resisting system.
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4. Concrete Abutting Structural Masonry

Concrete abutting structural masonry, such as at starter
courses or at wall intersections not designed as true

separation joints, shall be roughened to a full amplitude of

1.5 mm and shall be bonded to the masonry in accordance
with the requirements of this chapter as if it were masonry.
Unless keys or proper reinforcement is provided, vertical
Joints as specified in Section 706.1.4 shall be considered to
be stack bond and the reinforcement as required for stack
bond shall extend through the joint and be anchored into the
concrete,
706.2  Allowable Stress Design and Strength Design
Requirements for Unreinforced and Reinforced
Masonry

706.2.1  General

In addition to the requirements of Section 706.1, the design
of masonry structures by the allowable stress design method
and strength design method shall comply with the
requirements of this section. Additionally, the design of
reinforced masonry structures by these design methods
shall comply with the requirements of Section 706.3.
706.2.2  Specified Compressive Strength of Masonry
The allowable stresses for the design of masonry shall be
based on value of fy, selected for the construction.
Verification of the value of f;, shall be based on
compliance with Section 705.3. Unless otherwise specified,
[ shall be based on 28-day tests. If other than a 28-day
test age is used, the value of f, shall be as indicated in
design drawings or specifications. Design drawings shall
show the value of f7,, for which each part of the structure is
designed.

706.2.3  Effective Thickness

706.2.3.1  Single-Wythe Walls

The effective thickness of single-wythe walls of either solid
or hollow units is the specified thickness of the wall,
706.2.3.2  Multi-wythe Walls

The effective thickness of multi-wythe walls is the specified
thickness of the wall if the space between wythes is filled
with mortar or grout. For walls with an open space between

wythes, the effective thickness shall be determined as for
cavity walls.
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706.2.3.3  Cavity Walls

Where both wythes of a cavity wall are axially loaded, each
wythe shall be considered to act independently and the
effective thickness of each wythe is as defined in
Section 706.2.3.1. Where only one wythe is axially loaded,
the effective thickness of the cavity wall is taken as the
square root of the sum of the squares of the specified
thicknesses of the wythes,

Where a cavity wall is composed of a single wythe and a
multi-wythe, and both sides are axially loaded, each side of
the cavity wall shall be considered to act independently and
the effective thickness of each side is as defined in
Sections 706.2.3.1 and 706.2.3.2. Where only one side is
axially loaded, the effective thickness of the cavity wall is
the square root of the sum of the squares of the specified
thicknesses of the sides.

706.2.3.4  Columns

The effective thickness for rectangular columns in the
direction considered is the specified thickness. The
effective thickness for non-rectangular columns is the
thickness of the square column with the same moment of
inertia about its axis as that about the axis considered in the
actual column.

706.2.4  Effective Height

The effective height of columns and walls shall be taken as
the clear height of members laterally supported at the top
and bottom in a direction normal to the member axis
considered. For members not supported at the top normal
to the axis considered, the effective height is twice the
height of the member above the support. Effective height
less than clear height may be used if justified.

706.2.5  Effective Area

The effective cross-sectional area shall be based on the
minimum bedded arca of hollow units, or the gross area of
solid units plus any grouted arca. Where hollow units are
used with cells perpendicular to the direction of stress, the
effective area shall be the lesser of the minimum bedded
area or the minimum cross-sectional area. Where bed joints
are raked, the effective area shall be correspondingly
reduced. Effective areas for cavity walls shall be that of the
loaded wythes.
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706.2.6  Effective Width of Intersecting Walls

Where a shear wall is anchored to an intersecting wall or
walls, the width of the overhanging flange formed by the
intersected wall on either side of the shear wall, which may
be assumed working with the shear wall for purposes of
flexural stiffness calculations, shall not exceed six times the
thickness of the intersected wall. Limits of the effective
flange may be waived if justified. Only the effective area
of the wall parallel to the shear forces may be assumed to
carry horizontal shear.

Distribution of Concentrated Vertical Loads
in Walls

706.2.7

The length of wall laid up in running bond which may be
considered capable of working at the maximum allowable
compressive stress to resist vertical concentrated loads shall
not exceed the center-to-center distance between such
loads, nor the width of bearing area plus four times the wall
thickness. Concentrated vertical loads shall not be assumed
to be distributed across continuous vertical mortar or
control joints unless elements designed to distribute the
concentrated vertical loads are employed.

706.2.8 Loads on Nonbearing Walls

Masonry walls used as interior pattitions or as exterior
surfaces of a building which do not carry vertical loads
imposed by other elements of the building shall be designed
to carry their own weight plus any superimposed finish and
lateral forces. Bonding or anchorage of nonbearing walls
shall be adequate to support the walls and to transfer lateral
forces to the supporting elements.

706.2.9  Vertical Deflection

Elements supporting masonry shall be designed so that their
vertical deflection will not exceed 1/600 of the clear span
under total loads. Lintels shall bear on supporting masonry
on each end such that allowable stresses in the supporting
masonry are not exceeded. A minimum bearing length of
100 mm shall be provided for lintels bearing on masonry.

706.2.10 Structural Continuity

Intersecting structural elements intended to act as a unit
shall be anchored together to resist the design forces.

%o B A HUZ M2 735 A1, RS L TR 2 Rg
ZPRADSEIRTIUTI2 B0, TZERED A LRI
T EE S DUAADH N EFEET 5,

706.2.6 ZZZEEDHRNIE

MR N A 22T D i £/ X ER OB T v —&
nH%E . RO RIS R L @< T T
VELTHER T 558 D ZE MBI XA A BED L E D 6
FEEHR TUIRBIRW, ABIBRSNDRBIE, AR
77V ORFIUTEMES N TH LW, AW AT
IRBEDAT AR D . AKFT5 18 D+ /W %A
HEREL TR,

706.2.7 BEQLEPEET BDLHAG

DELAE T fnf B\ CHR BT D B KA RIS ) B i<
TEMTEDLEE 2NN B A OBED R 1T
ZOREDOH.OHBEREAEZ T, H O ERIOIRIC
BEDIEED 4 (5 BZ TUTRLAR, 5PN &
X, P EREAT EA R TEDIDICER AR
ZRVRD I, $hE DOV ET IR B HiA % T
HESNDHEE ZTUI BN,

706.2.8 FEMHEE~DFHTE

MO D IR DENE AT A TRV EIREE S
ToIXE A EEL L CORABREIL, £ DO HELMA O
DAt BB BT L CRRE LRI LR e 720,
FEiit S BEDAL A FI X E EI T DBEL LR L, SCFF
LW DERITE N AR ET D20\ Y) T it
BT,

706.2.9 SHEER

MRS AZ R 2 HRIL, B EICHL TZOEE
DPEA/ D 11600 248 2 72K IFEFH L2 T
b7, FESSOMEA AR CIRL, JFFT

HRBROFFR I N EBZ NI LR Ees

194




706.2.11 Walls Intersecting with Floors
Roofs

and

Walls shall be anchored to all floors, roofs or other
elements which provide lateral support for the wall. Where
floors or roofs are designed to transmit horizontal forces to
walls, the anchorage to such walls shall be designed to
resist the horizontal force.

706.2.12 Modulus of Elasticity of Materials

706.2.12.1 Modulus of Elasticity of Masonry

The moduli for masonry may be estimated as provided
below, Actual values, where required, shall be established
by test. The modulus of elasticity of masonry shall be
determined by the secant method in which the slope of the
line for the modulus of elasticity is taken from 0.05 fp, to
a point on the curve at 0.33 f,. These values are not to
be reduced by one half as set forth in Section 707.1.2.

Modulus of elasticity of clay or shale unit masonry.
20.5 GPa maximum

E,, =750 f1., (706-3)

Modulus of elasticity of concrete unit masonry.

E, = 750 fias 20.5 GPa maximum (706-4)
706.2.12.2 Modulus of Elasticity of Steel
E; = 200GPa (706-5)
706.2.13 Shear Modulus of Masonry
G = 0.4E,, (706-6)
706.2.14  Placement of Embedded Anchor Bolts
706.2.14.1 General

Placement requirements for plate anchor bolts, headed
anchor bolts and bent bar anchor bolts shall be determined
in accordance with this subsection. Bent bar anchor bolts
shall have a hook with a 90-degree bend with an inside
diameter of three bolt diameters, plus an extension of one
and one half bolt diameters at the free end. Plate anchor
bolts shall have a plate welded to the shank to provide
anchorage equivalent to headed anchor bolts.
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The effective embedment depth I, for plate or headed
anchor bolts shall be the length of embedment measured
perpendicular from the surface of the masonry to the
bearing surface of the plate or head of the anchorage, and
1y, for bent bar anchors shall be the length of embedment
measured perpendicular from the surface of the masonry to
the bearing surface of the bent end minus one anchor bolt
diameter. All bolts shall be grouted in place with at least
25 mm of grout between the bolt and the masonry, except
that 6 mm bolts may be placed in bed joints which area at
least 12 mm in thickness.

706.2.14.2 Minimum Edge Distance

The minimum anchor bolt edge distance I, measured from
the edge of the masonry parallel with the anchor bolt to the
surface of the anchor bolt shall be 38 mm.

706.2.14.3 Minimum Embedment Depth

The minimum embedment depth of anchor bolts I, shall be
four bolt diameters but not less than 50 mm.

706.2.14.4 Minimum Spacing between Bolts

The minimum center-to-center distance between anchor
bolts shall be four bolt diameters.

706.2.15 Flexural Resistance of Cavity Walls

For computing the flexural resistance of cavity walls, lateral
loads perpendicular to the planc of the wall shall be

distributed to the wythes according to their respective
flexural rigidities.

706.3  Alternative Strength Design (ASD) and
Strength Design Requirements for Reinforced
Masonry

706.3.1 General

In addition to the requirements of Sections 706.1 and 706.2,

the design of reinforced masonry structures by the working

stress design method or the strength design method shall
comply with the requirements of this section.

706.3.2  Plain Bars

The use of plain bars larger than 6 mm in diameter is not
permitted.
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706.3.3  Spacing of Longitudinal Reinforcement
The clear distance between parallel bars, except in columns,
shall not be less than the nominal diameter of the bars or 25
mm, except that bars in a splice may be in contact. This
clear distance requirement applies to the clear distance
between a contact splice and adjacent splices or bars.

The clear distance between the surface of a bar and any
surface of a masonry unit shall not be less than 6 mm for
fine grout and 12 mm for coarse grout. Cross webs of
hollow units may be used as support for horizontal
reinforcement.

706.3.4  Anchorage of Flexural Reinforcement

The tension or compression in any bar at any section shall
be developed on each side of that section by the required
development length. The development length of the bar
may be achieved by a combination of an embedment length,
anchorage or, for tension only, hooks.

Except at supports or at the free end of cantilevers, every
reinforcing bar shall be extended beyond the point at which
it is no longer needed to resist tensile stress for a distance
equal to 12 bar diameters or the depth of the beam,
whichever is greater. No flexural bar shall be terminated in
a tensile zone unless at least one of the following conditions
I. The shear is not over one half that permitted, including
allowance for shear reinforcement where provided.

1. Additional shear reinforcement in excess of that
required is provided each way from the cutoff a
distance equal to the depth of the beam. The shear
reinforcement spacing shall not exceed d/8ry,.

2. The continuing bars provide double the area required
for flexure at that point or double the perimeter
required for reinforcing bond.

At least one third of the total reinforcement provided for
negative moment at the support shall be extended beyond
the extreme position of the point of inflection a distance
sufficient to develop one half the allowable stress in the bar,
not less than 1/16 of the clear span, or the depth d of the
member, whichever is greater.

Tensile reinforcement for negative moment in any span of a
continuous restrained or cantilever beam, or in any member’
of a rigid frame, shall be adequately anchored by
reinforcement bond, hooks or mechanical anchors in or
through the supporting member.
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At least one third of the required positive moment
reinforcement in simple beams or at the freely supported
end of continuous beams shall extend along the same face
of the beam into the support at least 150 mm. At least one
fourth of the required positive moment reinforcement at the
continuous end of continuous beams shall extend along the
same face of the beam into the support at least 150 mm.

Compression reinforcement in flexural members shall be
anchored by ties or stirrups not less than 6 mm in diameter,
spaced not farther apart than 16 bar diameters or 48 tic
diameters, whichever is less. Such ties or stirrups shall be
used throughout the distance where compression
reinforcement is required.

706.3.5 Anchorage of Shear Reinforcement.

Single, separate bars used as shear reinforcement shall be
anchored at cach end by one of the following methods:

1. Hooking tightly around the longitudinal reinforcement
through 180 degrees.

2. Embedment above or below the mid-depth of the beam
on the compression side a distance sufficient to
develop the stress in the bar for plain or deformed bars.

3. By a standard hook, as defined in Section 707.2.2.5,
considered as developing 50 MPa, plus embedment
sufficient to develop the remainder of the stress to
which the bar is subjected. The effective embedded
length shall not be assumed to exceed the distance
between the mid-depth of the beam and the tangent of
the hook.

The ends of bars forming a single U or multiple U stirrup
shall be anchored by one of the methods set forth in Items 1
through 3 above or shall be bent through an angle of at least
90 degrees tightly around a longitudinal reinforcing bar not
less in diameter than the stirrup bar, and shall project
beyond the bend at least 12 stirrup diameters.

The loops or closed ends of simple U or multiple U stirrups
shall be anchored by bending around the longitudinal
reinforcement through an angle of at least 90 degrees and
project beyond the end of the bend at least 12 stirrup
diameters.
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706.3.6  Lateral Ties

All longitudinal bars for columns shall be enclosed by
lateral ties. Lateral support shall be provided to the
longitudinal bars by the corner of a complete tie having an
included angle of not more than 135 degrees or by a
standard hook at the end of a tie. The comer bars shall have
such support provided by a complete ti¢ enclosing the
longitudinal bars. Alternate longitudinal bars shall have
such lateral support provided by ties and no bar shall be
farther than 150 mm from such laterally supported bar.

Lateral ties and longitudinal bars shall be placed not less
than 38 mm and not more than 125 mm from the surface of
the column. Lateral ties may be placed against the
longitudinal bars or placed in the horizontal bed joints
where the requirements of Section 706.1.8 are met.
Spacing of ties shall not exceed 16 longitudinal bar
diameters, 48 tie diameters or the least dimension of the
column but not more than 450 mm.

Ties shall be at least 6 mm in diameter for 20 mm or
smaller longitudinal bars and at least 10 mm for
longitudinal bars larger than 20 mm. Ties smaller than 10
mm may be used for longitudinal bars larger than 20 mm,
provided the total cross-sectional area of such smaller ties
crossing a longitudinal plane is equal to that of the larger
ties at their required spacing.

706.3.7 Column Anchor Bolt Ties

Additional ties shall be provided around anchor bolts which
are set in the top of columns. Such ties shall engage at least
four bolts or, alternately, at least four vertical column bars
or a combination of bolts and bars totaling at least four.
Such ties shall be located within the top 125 mm of the
column and shall provide a total of 260 mm’ or more in
cross-sectional area. The uppermost tie shall be within 50
mm of the top of the column.

706.3.8  Effective Width of Compression Area

In computing flexural stresses in walls where reinforcement
occurs, the effective width assumed for running bond
masonry shall not exceed six times the nominal wall
thickness or the center-to-center distance between
reinforcement. Where stack bond is used, the effective
width shall not exceed three times the nominal wall
thickness or the center-to-center distance between
reinforcement or the length of one unit, unless solid grouted
open-end units are used.
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710.1  Height

Building relying on masonry walls for lateral load

resistance shall not exceed 10 m in height.
710.2  Lateral Stability
Where the structure depends on masonry walls for lateral

stability, shear walls shall be provided parallel to the
direction of the lateral forces resisted,

Minimum nominal thickness on masonry shear walls shall
be 200 mm

In cach direction in which shear walls are required for
lateral stability, the minimum cumulative length of shear
walls provided shall be 0.4 times the dimension of the
building, The cumulative length of shear walls shall not
include openings.

I'he maximum spacing of shear walls shall not exceed the
ratio listed in Table 710-1.

Table 710-1 Shear Wall Spacing Reguirements for
Empirical Design of Masonry

T MAXIMUM RATIO |
Shear Wall Spacing to
Shear Wall Length

FLOOR OR ROOF
CONSTRUCTION

_t‘:n:hin-]'rl.u‘.u concrete 5:1
Precast Concrete 4:1
Metal deck with conerete fill 3:1
Metal deck with no fill 2:1
Wood Diaphragm | 2:1

710.3 Compressive Stresses

710.3.1  General

Compressive stresses in masonry due o vertical dead loads
plus live loads, excluding wind or seismic loads, shall be
determined in accordance with Section 710.4.3. Dead and
live loads shall be in accordance with this code with
permtted live load reductions.

710.3.2  Allowable Stresses

T'he compressive stresses in masonry shall not exceed the
values set forth in Table 710-2. The allowable stresses
given in Table 710-2 for the weakest combination of the
units and mortar used in any load wythe shall be used for all
loaded wythes of multi-wythe walls,

710.1 &

AN D BRI IE DBEI D T &
10m ZH 2 TR B0,

710.2 AFHFEOLEM]

A7 16 D22 FE MEZAR R 1E DBEI R DM IE I i
BEZIKIET)ONER T 207 M EFAT H AR T 7l
FUL7RB7RUN,

i JIBE D e/ NABRE ST 200mm &35,

KEFF DL E DT DIZFHNT LAV 5 R Ot )
13 Y HED 0.4 5Ll EO BB RSERT 0
Feb20, RREESICEH DEE & A TIERebi
[

it 7D BERRE BRI R 710-1 OB EB 2 T bl
[

F 710-1 RRBRAVRREHCIS U DI 7 BERR ) B

[710.3 EfERS /1]

710.3.1 —f&

I{] 7 ' B2 ST A 2T QO DR G O RIS )
B, BRHUER R EA FRE, 710.4.3 ITHESEIRES
AT AUTZ2B20, 8 E R B, AR/
FHHE A B E LT BB IR O],

710.3.2 FFIEHE

KA O FEAR G 11X 3R 710-2 [CHLUE T DA B X
TIFRBRN, HEPDITAATHEHAINTNDHLOD
W, b TV =y REE A2 L DS RIS L
TOFRIGEDOMEHNE 710-2 ITHESITEY, =
MUTEET A ABEZ BT DM EOER 52 TOUA
AT S D,

201




T
Table 710-2 Allowable Compressive Stresses for Empirical Design of Masonry

CONSTRUCTION: COMPRESSIVE STRENGTH OF UNIT, ALLOWABLE COMPRESSIVE STRESSES
GROSS AREA GROSS CROSS-SECTIONAL AREA (MPa)
Type M or S Mortar Type N Mortar
Solid masonry of brick and other solid units of clay or shale;
Sand-lime or concrete brick:
55.1 plus, MPa 241 207
31.0MPa 1.55 1.38
172 MPa .10 0.96
10.3 MPa 0.79 0.69 o
CGrouted masonry, of clay or shale; sand-lime or concrete: |
31.0 plus, MPa 1.89 138
17.2 MPa 1.48 0.96
10.3 MPa o 1.21 0.69
Solid masonry of solid concrete masonry units:
20.7 plus, MPa 1.55 138
13.8 MPa L10 0.96
8.27 MPa S = e 0.69
Masonry of hollow Joad-bearing units;
13.8 plus, MPa 0.96 0.83
10,3 MPa 079 0.69
6.89 MPa 0.52 048
4.82 MPa - - a4 e 0.38
Hollow walls (cavity or masonry bonded)” solid units:
17.2 plus, MPa 110 0.96
10.3 MPa 0.79 0.69
_Hollow units 0,52 .48
Stone ashlar masonry:
Granite 4.96 441
Limestone or marble R 2,76
Sandstone or cast stone 248 220
Rubble stone masonry
Coarse, rough or random 0.83 0.69
Unbumed clay masonry = 11 e2 — =
! Linear interpolation may be used for determining allowable stressex for masonry unilf having comy ve strenpths which are diate between
Uiose given in the table.
* Where fioor and floor loads are carried upon wythe, the gross cross-sectional area is fat of the wythe under load. If both wythes are loaded, the gross
cross-sectional area i that of the wall minus the prex of the cavity between the wythd:.

710.3.3 Stress Calculations

Stresses shall be caleulated based on specified rather than
nominal dimensions. Caleulated compressive stresses shall
be determined by dividing the design load by the gross
cross-sectional area of the member. The area of openings.
chases or recesses in walls shall not be included in the gross
cross-sectional arca of the wall.

710.3.4  Anchor Bolts

Baolt values shall not exceed those set forth in Table 710-3.
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Table 710-3 Allowable Shear on Bolts for Empirically Designed Masonry Except Unburned Clay Units

DIAMETER BOLT EMBEDMENT SOLID MASONRY GROUTED MASONRY
{(mm) (mm) (shear in kN) Rl (shearin kN) |
12 ' 100 1.56 247
16 100 222 3.34
20 125 334 189
2 150 445 6.67
25 175 556 = 1827
28 00 1 661 | 10.07
' An addi 1 50 mm of t shall be provided for anchor holts located in the top of columns for buildings loeted in Seismic Zones 2 and 4,

! Pesmitted only with not less than 17.2 MPa nits.
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7104 Lateral Support

Masonry walls shall be laterally supported in either the
horizontal or vertical direction not exceeding the intervals
sel forth in Table 710-4.

Lateral support shall be provided by cross walls, pilasters,
buttresses or structural framing members horizontally or hy
floors, roof or structural framing members vertically.

Excepl for parapet walls, the ratio of height to nominal
thickness for cantilever walls shall not exceed 6 for solid
masonry or 4, for hollow masonry.

In computing the ratio for cavity walls,
thickness shall be the sums of the nominal thickness of the
inner and outer wythes of the masonry. In walls composed
of different classes of units and mortars, the ratio of height
or length to thickness shall not exceed that allowed lor the
weakest of the combinations of units and mortar of which
the member is composed.

Table 710-4 Wall Lateral Support Rec
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juirements for Empinical Design of Masonry

710.5  Minimum Thickness

71051  General

The nominal thickness ol masonry bearing walls in
buildings more than one story in height shall not be less
than 200 mm. Solid masonry walls in one-story buildings
may be of 150 mm nominal thickness when not over 2.7 m
in height, provided that when gable construction is used, an
additional 1.8 m is permitted o the peak of the gable.

Exception:

The thickness of unreinforced grouted brick masonry walls
may be 50mm less than required by this section, but in na
case less than 150 mm.

710.5.2  Variation in Thickness
Where a change in thickness due to minimum thickness
occurs between floor levels, the greater thickness shall be
carried up to the higher floor level.

CONSTRUCTION MAXIMUM [/t or h/t
Bearing walls
Solid or solid grouted 20
All other T 13
Nonbearing walls
Exterior 13
[nterior 36 e
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710.5.3  Decrease in Thickness

Where walls of masonry of hollow units or masoury-
bonded hollow walls are decrease in thickness, & course or
courses of solid masonry shall be constructed between the
walls below and the thinner wall above, or special units or
construction shall be used to transmit the loads from face
shells or wythes to the walls below,

710.54  Parapets

Parapet walls shall be at least 200 mm in thickness and their
height shall not exceed three times their thickness, The
parapet wall shall not be thinner than the wall below.

710.5.5  Foundation Walls
Mortar used in masonry foundation walls shall be either
Type M or S.”

Where the height ot unbalanced il (height of finished
grade above basement floor or inside prade) and the height
of the wall between lateral support does not exceed 2.4 m,
and when the equivalent fuid weight of unbalanced fill
does not exceed 480 kg/m’, the minimum thickness of
foundation walls shall be as set forth in Table 710-5.
Maximum depths nf unbalanced fill permitted in Table 710-
5 may be increased with the approval of the building
official when local soil conditions warrant such an increase

Table 710-5 Thickness of Foundation Walls for Empirical
Design of Masonry

MAXIMUM DEPTH

NOMINAL
IHICKNESS | OF UNBALANCED
(mm) FILL (m)
FOUNDATION WALL
_LCONSTRUCTION
Masonry of  hollow 300 120
units, ungrouted
25100 .50
0 1.B5
Masonry of solid units 200 1.50
250 |.85
300 2.15
Masonry of hellow or 200 253
solid umits, fully grouted
20 2.45
30 2.45
Masonry of hollow units
reinforced vertically 200 2.15
with
12 mm bars and grout a1
600 mm o.¢. Bars
located not less than 115
mm from pressure
Side of wall

Where the height of unbalanced fill, height between lateral
supports or equivalent fluid weight of unbalanced fill
gxceeds that set forth above, foundation walls shall be
designed in accordance with Chapter 3.

710.5.3 BEE DR

i 2=y FORBEET X T0 ST ZEABE DJE S A
WO HE G HEBEO— 2% — BT TR B
TERIZHDEEL EEICHIVEED ICRRE L 2T
IRBIRN, LT = A AL 2V ETTT A RN T
DRE BAARE T DR =y MR TR 155
WHZe,

710.5.4 /353vhk

378y ME 200mm LL EDESEL, BEITEED3
5% LSRN L, Fe TEOBERE IS LR
N

710.5.5 Eopes

FERERE WD EAS UIHAAT M ET S &5
L

BEDH[% TIRS DR D R L L@ S (LD
EESOWFIL B EEN RO OES) L
S ZFEFROBED B S 2.4m X T, ET-BEORI
TYRESD BB L 0O F /K E ) 480kg/ni%
HRIRNEE | FERERED i/ NESITER 710-5 ([CHUES
5, F 710-5 THAIN TV DLREDRT# TIRS DL
12HHD R O FRESIL, 20 1-Hio Rk e
PRV ERE ST BT AR B D33 /T34
EEAR S 2L TED,

BEDFIH CIRSORZDHD R LORmILHE I
Fp O @ S SUFREDHT#% TIRS D RARDID FL
O T AKEN EFLBEDMEEBE X 235A1TI, 3
EREIXEE SEIIE VIR G TSN iT hE e e uy,

204




710.6 Bend

710.6.1  General

Ihe facing and backing of multi-wythe masonry walls shall
he bonded in accordance with this section,

T10.6.2

Masonry Headers

Where the facing and backing of solid masonry
construction are bonded by masonry headers, not less than 4
pereent of the wall surface of cach face shall be composed
of headers extending not less than 75 mm into the backing,
The distance between adjacent full-length headers shall not
exceed 600 mm either vertically or horizontally, In walls in
which o single header does not extend through the wall,
headers from opposite sides shall overlap at least 75 mm, or
headers from opposite sides shall be covered with another
header course overlapping the header below at least 75 mm
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Where two or more hollow units are used to make up the
thickness of the wall, the stretcher courses shall be bonded
at vertical intervals not exceeding 865 mm by lapping al
least 75 mm over the unit below, or by lapping at vertical
intervals not exceeding 430 mm with units which are at
least 50 percent greater in thickness than the units below.
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710.6.3

Wall Ties

Where the facing and backing of masonry walls are bonded
with 4.8 mm diameter wall ties or metal ties of equivalent
stiffness embedded in the horizontal mortar joints, there
shall be at least one metal tie for each 0.42 m? of wall area.
Ties in alternate courses shall be staggered, the maximum
vertical distance between ties shall not exceed 600 mm, and
the maximum horizontal distance shall not exceed 900 mm.
Rods bent to rectangular shape shall be used with hollow-
masonry units laid with the cells vertical. In other walls,
the ends of ties shall be bent to 90-degree angles to provide
hooks not less than 50 mm long. Additional ties shall be
provided at all openings, spaced not more than 900 mm
apart around the perimeter and within 300 mm of the
opening.
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The facing and backing of masonry walls may be bonded
with prefabricated joint reinforcement. There shall be at
least one cross wire serving as a tie for each 0.25 m’ of wall
area. The vertical spacing of the joint reinforcement shall
not exceed 406 mm. Cross wires of prefabricated joint
reinforcement shall be at least 10 mm diameter. The
longitudinal reinforcement shall be embedded in mortar.
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710.6.4  Longitudinal Bond

In each wythe of masonry, head joints in successive courses
shall be offset at least one fourth of the unit length or the
walls shall be reinforced longitudinally as required in
Section 706.1.12.3, ltem 4.

710.7
710.7.1

Anchorage
Intersecting Walls

Masonry walls depending on one another for lateral
support shall be anchored or bonded at locations where they
meet or intersect by one of the following methods:

I. Fifty percent of the units at the intersection shall be
laid in an overlapping pattern, with altermating units
having a bearing of not less than 75 mm on the unit
below

2. Walls shall be anchored by steel connectors having a
minimum section of 6 mm by 38 mm with ends bent up
at least 50 mm, or with cross pins to form anchorage.
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Such anchors shall be at least 600 mm long and the
maximum spacing shall be 1.2 m vertically

Walls shall be anchored by joint reinforcement spaced
at @ maximum distance of 200 mm vertically,
Longitudinal rods of such reinforcement shall be at
lcast 10 mm diameter and shall extend at least 750 mm
in each direction at the intersection,

Interior neonbearing walls may be anchored at their
intersection, at wvertical spacing of not more than
400 mm with joint reinforcement or 6 mm mesh
galvanized hardware cloth.
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5. Other metal ties, joint reinforcement or anchors may be
used, provided they are spaced to provide equivalent
area of anchorage to that required by this section.

710.7.2  Floor and Roof Anchorage

Floor and roof diaphragms providing lateral support to
masonry walls shall be connected to the masonry walls by
one of the following methods:

. Wood foor joists bearing on masonry walls shall be
anchored to the wall by approved metal strap anchors
at intervals not exceeding 1.8 m. Joists parallel to the
wall shall be anchored with metal straps spaced not
more than 1.8 m on center extending over and under
and secured to at least three joists. Blocking shall be
provided between joists at each strap anchor.

b

Steel foor joists shall be anchored to masonry walls
with 10 mm diameter bars, or their equivalent, spaced
not more than 1.8 m on center. Where joists are
parallel to the wall, anchors shall be located at joists
cross bridging.

3, Roof structures shall be anchored to masonry walls
with 12 mm bolts at 1.8 m on center or their equivalent.
Bolts shall extend and be embedded at least 400 mm
into the masonry, or be hooked or welded 10 not less
than 130 mm’ of bond beam reinforcement placed not
less than 150 mm from the top of the wall.

5. ZOMOML A BEAEATRXIEEIL, 20
B OBLE LR O mAECHEF EEREE L7 v
LSV AN

710.7.2 RROBIRDEE

FHEAFE IS R 2 K S 5 AN SRR 9~ D R T P AR T 1, BL

TOWT IO IETREL S 2T L7267

W,

1. HBDEEE| SO ARRIR A, 1.8m LA RO
A CaE i DA NT 77 v ) — CREES
TRFIUTTe B0\, BELSEATIRARRIT, b
1.8m AN ONLE T, D7ad &b 3O DR KA & e
TECTHIRARNT v I KO EE ST e n7s
W, TRy IR ENEND ARG Y T T IR
fF R RNCRR E SR T T e b,

2. BRRIPRARKIT, EAS 10mm O, £/-ixR%
DHOT, LD 1.8m LN O i TS EBE
B ESNIRTAUZZR B2, ARKDSEEL AT
BA . BEERKO7aRT Y I # T 2al)
FUTZRBZR0N,

3. BRIZ. LS 1.8m OLE T 12mm DRV
FIREO GIETEESNRITITRBZR0,
RVNIHFR IR 72D 400mm 2L EER
FZIFBETEE DS 150mm DL LD EICH DG
HFRIZ 130mm2 LL VAR E72 13O0 e
[EEA VAN

208




W gt

Poan fiing

-~
L%
i
Owgr™ 1! entwemey =~
PR —— EI e et e
MiwtaNe o tahie 1V ]
Unerw te vgpert
teseryty miE e
3 g e wal

Figure M — Roof truss anchor details (hollow units)

710.7.3  Walls Adjoining Structural Framing

710.7.3 EEREIZBEE 28

Where walls are dependent on the structural frame for BEDS K EF DT ORGSR

lateral support, they shall be anchored to the structural

members with metal anchors or keyed to the structural SILTWDIGEIE, TSR RIS R

members.  Metal anchors shall consist of 12 mm bolts

spaced at a maximum of 1.2 m on center and embedded at T A —TCEE., X0 T HR

least 100 mm into the masonry, or their equivalent arca.
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Reinforced Masonry Engineering Handbook

AT

PREFACE
In 1970, James Amrhein recognized that a
comprehensive engineering design handbook
the

was needed which would encompass

coefficients, tables, charts and design data
required for the design of reinforced masonry
structures. Mr. Amrhein tried to fulfill these
requirements with the first edition of this
publication. Since then, subsequent editions
have been improved and expanded to comply
with applicable editions of the Uniform Building
Code and International Building Code keeping
pace with the growth of reinforced masonry
engineering.

The authors would like this book to be as
useful as possible to designers of reinforced
masonry by eliminating repetitious and routine
calculations. This publication will increase the
understanding and reduce the time required for
masonry design.

The detail and design requirements included
in this book are based upon the 2015 edition of
the International Building Code published by
the International Code Council, and ASCE/SEI
7-10, Minimum Design Loads for Buildings and
Other Structures published by the American
Society of Civil Engineers. Also included in this
edition is information and design tables based
on the code reference document, TMS 402/ACI
530/ASCE 5 Building Code Requirements for
Masonry Structures.

In addition to the code requirements, this
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B OIIAREDSHIRMBE OB FHE DN B DM
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>7C, BFENHES. FEIE DR FHID DD IREFTS KE A
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AREITIERS IV TODEEAER DX F OB R IH H
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2015 FERRK% O 7 AU 71 EARE 1 2 (ASCE) D
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publication includes sound engineering practices
to serve as a guide to the engineer and designer.

There may be several design and analysis
methods and the results for the design can be
somewhat different. Techniques included in this
publication have been reviewed by competent
engineers who have found the results to be
satisfactory and safe. The authors welcome
recommendations for the extension and
improvement of the material and any new

design techniques for future editions.

THE MASONRY INSTITUTE OF AMERICA

The Masonry Institute of America, founded
in 1957 under the name of Masonry Research, is
a promotional and technical research
organization established to improve and extend
the use of masonry. The Masonry Institute of
America is supported by the California masonry
contractors  through labor management
contracts between the unions and contractors.

The Masonry Institute of America is active in
California and throughout the United States
promoting new ideas and masonry work,
improving national and local building codes,
conducting research projects, presenting design,
construction and inspection seminars and
publishing technical and non-technical papers,
all for the purpose of improving the masonry
industry.

The Masonry Institute of America does not
engage in the practice of architectural or
engineering design or construction nor does it

sell masonry materials.
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The Masonry Institute of America (2L T, MIA
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Research (RFTEIF/EE) LU T, MATIEDOH R, F
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TMS 402/602 CODE COMMITTEE

The TMS 402/602 Code Committee (formerly
known as the Masonry Standards dJoint
Committee, or MSJC) is an industry-focused
group of volunteers that mountains the Masonry
Standard through a consensus process. This is a
balanced committee of designers, producers and
general interest individuals that have gained
specialized experience through background, use
and education in the field of masonry.

Historically, the committee was a tripartite
affiliation of The Masonry Society (TMS) the
American Concrete Institute (ACID) and the
American Society of Civil Engineers (ASCE)
charged with developing and maintaining
consensus standards suitable for adoption into
model building codes. In 2008, TMS became the
lead sponsor of the committee and by mutual
agreement in 2013, TMS became the sole

sponsor of the committee which is reflected in

the 2016 publication of the Masonry Standard.

[TMS 402/602 HEZEZ]
TMS 402/602 # 4% B (IHFR, MBS UES

[F1ZE B & Masonry Standards Joint Committee,
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TMS B ERROEFHE ALY, 2013 FEOFHE
BEACED, TMS 23— D E# L7220 2016 4Eh)
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THE MASONRY SOCIETY
Formed in 1977, The Masonry Society (TMS)
and technical

is an educational, scientific,

society dedicated to the advancement of

scientific, engineering, architectural, and
construction knowledge of masonry. The Society
is a not-for-profit, membership driven

organization that gathers, correlates, and
disseminates information for the improvement
of the design, construction, manufacture, use,
and maintenance of masonry products and
structures. As part of these efforts, TMS
develops standards, guides, and other resources,
educates  through

seminars, workshops,

conferences, and collaborates with the

construction industry, design profession and

other leaders desiring to see a better and more
resilient built environment.

Vision: A world where masonry continues as the
system of choice for a sustainable built
environment

Mission: To advance masonry knowledge, its

development and application

Goals:

+ Collaborate with and engage the global

masonry community

Aggregate and expand masonry
information
Provide education and disseminate
knowledge

* Sustain and advance a vibrant Society
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INTRODUCTION

Masonry structures have been constructed
since the earliest days of mankind, not only for
homes but also for works of beauty and
grandeur. Stone was the first masonry unit and
was used for primitive but breathtaking
structures such as the 4000 year old Stonehenge
ring on England’s Salisbury Plains.

Stone was also used around 2500 B.C. to
build the Egyptian pyramids in Giza. Limestone
veneer which once clad the pyramids can now be
seen only at the top of the great pyramid
Cheops, since much of the limestone facing was
later removed and reused.

As with the Egyptian Pyramids, numerous
other structures such as the 1500 mile long
Great Wall of China testify to the durability of
masonry.

Additionally, structures such as the stone
pyramids of Yucatan and Teotihuacan, Mexico,

demonstrate the skill of ancient masons.

R A RN S SR 11 N Ve y el DAL GANE S
LSRR EE R L CTE T, BAOMATEI LA E
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In fact, the stone walls at the Machu Picchu
in Peru have masonry unit joints so tight that it
is difficult to insert a knife blade between units.

Masonry has been used worldwide to
construct impressive structures such as St.
Basil’s Cathedral in Moscow.

The Taj Mahal in Agra, India, demonstrates

unique monumental characteristics of stone.

Built between 1631 and 1653, the Taj Mahal depicts
grandeur in symmetry.

AL —DF 2 EF 2 DORIO RN A D B HIZ A
WL | IR ICBE EIHEREEN TV,

DS P CHVWBIL, EAZU O L

HTHROZENTED,

AU, TITTDH—< VT, B=a AL
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The outer walls of St. Basil's Cathedral in Moscow,
were buill in 1492, while the remainder of this
impressive cathedral was constructed in the 17th

Aot
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The stone walls at Machu Picchu in Peru were built
between 1200 and 1400 A.D.

In the United States, masonry is used from
Maine to Hawaii and has been the primary
material for building construction from the 18th

to the 21st centuries.

In the early 1900’s concrete block masonry
units (CMU) were introduced to the construction
industry. Later, between 1930 and 1940,
reinforcing steel was introduced into masonry
construction to provide increased resistance to
lateral dynamic forces from earthquakes.

Prior to the development of reinforced

masonry, most masonry structures were
designed to support only gravity loads, while the
forces from wind and earthquakes were ignored.
Massive dead loads from the thick and heavy
walls stabilized the unreinforced structures
against lateral forces.

The introduction of reinforced masonry

allowed wall thickness to be decreased

Ruilt in 1891 the 16 storv hrick Monadnock Buildina

KETH 18 A DEAEICELE T, MAHEIT
Bzl 2 THOWBNTET,
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The introduction of reinforced masonry

allowed wall thickness to be decreased
dramatically and provided a rational method to
design walls to resist dynamic lateral loads from
winds and earthquakes.

An excellent example of the benefits of
reinforced masonry is the 13 story Pasadena
Hilton Hotel in California, completed in 1971.
The load bearing, high strength concrete block
walls are 12 in. (305 mm) thick CMU for the
bottom three floors and 8 in. (203 mm) thick

CMU for the upper 10 floors.

13 Story Pasadena Hilton Hotel, Completed in 1971.

The Pasadena Hilton, like the newer 16 story
Queens Surf in Long Beach, California and the

19 story Holiday Inn in Burbank, California is

KBS ~ D BKH O Lo T BERITMORL |
A& TR L B B A A L HR LT D B RO
FHESLIZLSN,

R AT I O AR O —FI 1971 RIS TL
7213 B COBN T 4N =T O/ 3HF 4 F LRk
TITHD,

IR ) — Ty & T ) REIL T E 3
BE23 12 A2 F(305mm)> CMU T, k& 10 (723 8
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Constructed primarily of concrete masonry units, the
Queen’'s Surf in Long Beach, California rises 16
stones.

28 Story Excalibur Hotel, Las Vegas, Nevada.
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located in one of the most severe seismic areas in
the world.

Another outstanding example of reinforced
load bearing masonry is the 28 story Excalibur
Hotel in Las Vegas, Nevada. This large high-rise
complex consists of four buildings each
containing 1008 hotel rooms. The load bearing
walls for the complex required masonry with a
specified compressive strength of 4,000 psi at
the base of the wall.

Although taller masonry buildings may
someday be constructed, it is of more importance
that the benefits of reinforced masonry are
appropriate not only for multi-story buildings,

but for buildings of every size and type, even

single story dwellings.

The Getty Center, Los Angeles, California.

BASIS OF DESIGN

The basis of design for masonry structures

described in this publication are the
requirements found in the International
Building Code, (IBC) published by the

(ICC) and the
Code

Council,

the

International Code

requirements of Building

3, R A TH RN S VI TH D,

ZL T, TARHAILH D 28 BERE T AN 78—
TIBRET RERGThD, ZOE R mEE A
FRITABUCHER S, 1008 EORTNVERNE T D, &
ORAFEE O T RE T dse T &8 T a3
4000psi(26.7N/mm2)% V3L LT,

FAE ST RS m B L O ATREMEL H 5703,
SRS ORI Z B EWIZT Tl FROME
TBIZELETHLPOHILDEM IS TEHIET
9%,

USC - Galen Center and Athletic Pavilion, Los
Angeles, California.

ARFENII SN DR F O FAIT International
Building Code (IBC), Building Code
Requirements for Masonry Structures (TMS
402-13 / ACI 530-13 / ASCE 5-13)(LA . TMS
402) & Specification for Masonry Structures
(TMS 602-13 / ACI 530.1-13 / ASCE 6-13) (LL F,
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Requirements for Masonry Structures (TMS
402- 13/ACI 530-13/ASCE 5-13) and the
Specification for Masonry Structures (TMS
602-13/ACI 530.1- 13/ASCE 6-13). The allowable
stresses for masonry and reinforcing steel, dead
loads, live loads and lateral forces as prescribed
by the IBC are used primarily herein, although
TMS 402-13/ACI 530- 13/ASCE 5-13 allowable
stresses equations are given as well, in Chapter
10.

Similar to past editions, numerous tables
and diagrams have been provided at the end of
this book to facilitate the design of masonry
structures. Additional tables have been included
to simplify strength design procedures, while
some of the seldom used old tables were deleted.
Note, however, to avoid confusion, the table and
diagram numbers were kept the same to be
consistent with past editions — thus some gaps
exist in the table numbering.

Chapter 14 provides explanations for the
tables and diagrams. Additionally, numerous
example problems are provided throughout the
book explaining the use of the tables and
diagrams.

Included in this publication is information,
tables and some design charts that conform to
the requirements of the Building Code
Requirements for Masonry Structures (TMS
402-13/ACI  530-13/ASCE  5-13) and the
Specification for Masonry Structures (TMS
602-13/ACI 530.1-13/ASCE 6-13).

As an engineer and designer, one should not
get lost in the precision of the numbers listed in

the design tables of this handbook, and lose

sight of the fact that loads for which the
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structures are designed are arbitrary and in

many cases significantly different than the BARVE IR VAR T 2% R OGEIC RIS

actual loads. HWTN T A DOFETH S,
Judgement in design and detailing which
insures both safety and economy is the mark of a

professional engineer.
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Reinforced Masonry Engineering Handbook
5 DESIGN OF STRUCTURAL MEMBERS BY ALLOWABLE STRESS

DESIGN (ASD) #5% #FARLIER

REHC R OEERRM DR A

5.1 HISTORY

Prior to the 1933 Long Beach, California
earthquake, masonry structures were generally
unreinforced and designed by empirical procedures
based on the past performance of similar structures.
Since reinforcing steel was not utilized, early
masonry structures tended to be massive in order to
effectively resist lateral as well as vertical loads.
Although this empirical procedure is still permitted to
be used in lower Seismic Design Categories, the
Long Beach earthquake showed engineers that a
more defined and logical procedure was necessary to
design structures that would effectively withstand
higher seismic forces.

During this time, elastic working stress design
procedures were being used to design reinforced
concrete structures. Based on this elastic design
approach, engineers began reinforcing masonry so
that the steel could resist tensile forces while the
masonry carried compressive forces.

By 1937, the Uniform Building Code included
working stress design procedures for masonry which
allowed engineers to size masonry members by
ensuring that anticipated service loads did not
exceed allowable design stresses.

With the working stress design method, engineers
designed masonry structures throughout much of the
20th century.

Allowable stress design continues to evolve as
masonry design enlers the 21st cenlury. As an
example, the UBC made a distinction for allowable
based on the IBC and TMS 402, do not consider a
stress adjustment due to inspection, but require an

appropriate inspection level and allow full design
stresses.

More recently, the allowable stresses were
recalibrated, resulting in the elimination of the
historically permitted /3 stress increase, but also
permitting reinforcing bars to be more fully utilized by
increasing the allowable siress from 24,000 psi to
32,000 psi and allowing masonry to be more fully
utilized by increasing the allowable compression stress
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from 1/3f, to 0.45f,,. These changes to the allowable

stresses were made as part of the on-going effort to
harmonize the Allowable Stress Design (ASD) and
Strength Design provisions.

While the code has evolved, the design and
analysis of reinforced masonry structural systems by
the ASD method continues the traditional straight
line, elastic working stress method. This procedure
assumes the masonry resists compressive forces and
reinforcing steel resists tensile forces.

In Allowable Stress Design, the limits of allowable
slress (Tables ASD-1c and ASD-3) for the malerials
are established based on the properties of each
material. The actual or code live loads and dead
loads must not cause siresses in the structural
section that exceed these allowable values.
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(% ASD-1c K N ASD-3)i%, &k Etodfk embik
DHHIVTUND, FEBRO R TR0 HE I J DR
&, EEMEICES TINOOFRIG ) EEZBIRT 5
BREFEL I eblewy,

(VERK : IN7%)

233




Reinforced Masonry Engineering Handbook
6 DESIGN OF STRUCTURAL MEMBERS BY STRENGTH DESIGN (SD)

FEOFE TR

REHZ KOG DR G

6.1 INTRODUCTION

6.1.1 HISTORY

Strength design of masonry first entered an
American building code in the 1985 edition of the
Uniform Building Code, when a strength design
based procedure was introduced for the design of
slender walls. In the 1997 Uniform Building Code, the
strength design provisions were expanded to cover
the full range of masonry elements used in buildings.
Since the advent of Intemational Building Code in 2000,
TMS'’s Building Code Requirements for Masonry
Structures has been adopted by reference to
establish the governing masonry design code in the
United States. Chapter 9 of the 2013 TMS 402
represents the current state of the art for the strength
design of masonry.

The philosophy used for the strength design of
reinforced masonry elements is similar to strength
design of reinforced concrete. However, the designer
needs to be aware of significant differences between
strength design of reinforced concrete and reinforced
masonry.

6.1.2 CONCEPTS

Charles Whitney pioneered the concept of
strength design for flexural elements in his technical
paper Plastic Theory of Reinforced Concrete published
in the 1942 ASCE Transaction 107. His theory states
that when a reinforced concrete section is subjected
to high flexural moments, the concrete stress from
the neutral axis to the extreme compression fibers
would conform to the stress strain curve of the
materials as if it were tested in compression.

Since the stress strain curve is roughly parabolic,
the distribution of stress in concrete and masonry is
assumed to be roughly parabolic as illustrated in
Figure 6.1.

6.1.1 ik

FARIE OBR LR FHE, MREDRRFHIBREERR G
BASINIZOLFL 1985 425 UBC (27 AU A 4T
BUELL T, M1 TR AL, 1997 4K
UBC Tid., B T HEND T X TOMBHRITTL
T, ORERRFF OB M LRSI, 2000 0 IBC ~
DFATLR, TMS OMLFEE BN K E I 1 Dl
PSR FHBMEL L CL B S TE T, 2013 4Ehi
TMS402 D% 9B HHANE I B 2R LR F O BLIR
LTS,

fBEARRE N O B B Ao AR I Bk = 2 —
HEEDHD LRI THD, LRG3 FHH I3l
FARE L ER = 7Y — MEDTRBE R F O FHIE AL
WTH, B L CTRMLERHD,

6.1.2 AT EH

1942 £ ASCE #2% 107 5\ FF RSV
3”Plastic Theory of Reinforced Concrete” T, F
X VR RA Y b= — DI O TR R F A PR
L7 OB, Sk 7V — MBA i 25 K& e
HF IS 1252 T T WSl B iD= 7 ) —
M ERE IR EERRBR DI O B BR & AR 72
HIEERLIS,

JETTOT B BRI IR L 22D Z e B EL =
V=R OHERE RIS A o34 13 A, [ 6.1
FOTRBIBRARI IR D LES D,

234




r

B T

&

= Y e

w 0.003 in.fin.
STRAIN

Strain = 0.003 in.fin.

0.0035 in.fin

for clay masonry
0.0025 in./in

M for concrete masonry

Strain = 0.0035 in./in.
||l for clay masonry

o 0.0025 in.fin.

for concrete masonry

MASONRY

FIGURE 6.1 Stress due to flexural moment at
balanced condition.

Whitney also states that when the tension
reinforcement reaches its yield stress, it will continue
fo elongate without an increase in tension force. This
condition occurs at the yield plateau of the steel as
shown by the idealized lines on the stress-strain
curve in Figure 6.2.

Actual —
L ===~ L e e i e e

| I
7] e N i |
m /4 | Idealized I
E |/ | |

w Yield plateau | Strain hardenin

(4 -
1
& |
| i 1
£, Em Assumed strain limit of

- masonry = 0.0025
or 0.0035 in./in.

STRAIN, ¢,

FIGURE 6.2 Idealized stress-strain diagram for
reinforcing steel.
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Masonry systems have compression stress-
strain curves similar to those of concrete, in that the
curves are curved or parabolic shaped and that they
reach a strain of at least 0.0025 for concrete unit
masonry or a strain of 0.0035 for clay masonry.
These strain values come from the research program
Technical Coordinating Committee for Masonry
Research (TCCMaR) and are incorporated into
Section 9.3.2 of TMS 402. TCCMaR was a U.S--
Japan joint research program.

The compressive siress block of concrele, as
shown in Figure 6.3, is simplified from the curved or
parabolic shape to a rectangular configuration.

Moment

Compression

T ok b
[ A1 =

" e

FIGURE 6.3 Assumed stress block at yield
condition for concrete.

This rectangular stress block, which is now often
called Whitney's stress block, is approximated as
having a length of a and a height of 0.85 f for
concrete strength design.

These values are not exaclly the same for
masonry structures for strength design. Several
investigators in conjunction with the US TCCMaR
research program have arrived at the conclusion that
the height or thickness of the stress block is 0.80f,
and the depth of this equivalent stress block is
expressed as:

a=080c,
where a is the depth of the stress block and c is the

depth to the neutral axis, as shown in Figure 6.4.
These are prescribed in TMS 402, Section 9.3.2.
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2 Compression

b

FIGURE 6.4 Assumed stress block at yield
condition for masonry.

While originally developed for flexural elements,
these basic assumptions about the behavior of the
masonry under compression and steel under tension
also form the basis of the provisions for design for
compression and combined compression and
flexure.

The basis for the strength design provisions for
other elements will be discussed later in this Chapter.

6.1.3 DESIGN ASSUMPTIONS

TMS 402, Section 9.3.2 notes that the following
assumplions apply to the strength design of
reinforced masonry:

TMS 402 Section 9.3.2

9.3.2 Design assumptions

The following assumptions shall be used in the design
of reinforced masonry:

(a) Sirain compatibility exists between the reinforcement,
grout, and masonry.

(b) The nominal strength of reinforced masonry cross-
sections for combined flexure and axial load is based
on applicable conditions of equilibrium.

(¢) The maximum usable stramn. g,,. at the extreme
masonry compression fiber is 0.0035 for clay
masonry and 0.0025 for concrete masonry.

(d) Strain in reinforcement and masonry are directly
proportional to the distance from the neutral axis.
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(¢) Compression and tension stress in reinforcement is
E, multiplied by the steel strain, but not greater than
{;.. Except as permitted in Section 9.3.3.5.1 (¢) for
determination  of maximum arca of flexural
reinforcement, the compressive stress of steel
reinforcement does not contribute to the axial and
flexural resistance unless lateral  restraining
reinforcement is provided in compliance with the
requirements of Section 5.3.1.4.

(f) Masonry in tension does not contribute to axial and
flexural strengths. Axial and flexural tension stresses
are resisted entirely by steel reinforcement.

(g) The relationship between masonry compressive
stress and masonry strain is defined by the following:

Masonry stress of (.80 77, is uniformly distributed
over an equivalent compression stress block bounded by
edges of the cross section and a straight line located
parallel to the neutral axis and located at a distance a =
0.80 ¢ from the fiber of maximum compressive strain.
The distance ¢ from the fiber of maximum strain to the
neutral axis shall be measured perpendicular to the
neutral axis.

6.1.4 STRENGTH REDUCTION
FACTOR, ¢

Strength reduction factors are used to determine
a reliable member capacity for comparison to the
ultimate demand. The strength reduction factor
lowers the predicted nominal capacity to account for
uncertainties in the relationship between the
predicted nominal strength and the actual strength of
the member in-place.

Factors creating uncertainty in the prediction of
the actual capacity include the following:

a. variability of actual materials and

construction from that specified,

b. uncertainty of quality of construction and
analytical modeling,

c. differences between the theoretical
calculated capacity and the actual tested
strengths, and

d. anticipated mode of failure

TMS 402 Section 9.1.3

9.1.3 Design strength

Masonry members shall be proportioned so that the
design strength equals or exceeds the required strength.
Design strength is the nominal strength multiplied by the
strength-reduction factor. ¢, as specified in Section 9.1.4.
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The various capacity reduction factors are given
in TMS 402 Section 9.1.4:

TMS 402 Section 9.1.4
9.1.4 Strength-reduction factors

9.14.1 Anchor Bolis — For cases where the
nominal strength of an anchor bolt is controlled by
masonry breakout, by masonry crushing, or by anchor
bolt pryout, ¢ shall be taken as 0.50. For cases where the
nominal strength of an anchor bolt is controlled by anchor
bolt steel. ¢ shall be taken as 0.90. For cases where the
nominal strength of an anchor bolt is controlled by anchor
pullout, ¢ shall be taken as 0.63.

9.1.4.2 Bearing — For cases involving bearing
on masonry, ¢ shall be taken as 0.60.

9.1.4.3 Combinations of flexure and axial load in
unreinforced masonry — The value of ¢ shall be taken as
0.60 for unreinforced masonry subjected to flexure. axial
load. or combinations thereof.

9.1.4.4 Combinations af flexure and axial load in
reinforced masonry — The value of ¢ shall be taken as
0.90 for reinforced masonry subjected to flexure, axial
load. or combinations thereof.

9.1.4.5 Shear — The value of ¢ shall be taken as
0.80 for masonry subjected to shear.
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(4) B ALAE

ASTM C90-13 Standard Specification forLoadbearing Concrete Masonry Units

C90-13 MBS DIEUREH-%

1. Scope*

1.1 This specification covers hollow and solid
(see 5.3 and 5.4) concrete masonry units made
from hydraulic cement, water, and mineral
aggregates with or without the inclusion of other
materials. There are three classes of concrete
masonry units: (1) normal weight, (2) medium
weight, and (3) lightweight.

These units are suitable for both load bearing

and nonloadbearing applications.

1.2 Concrete masonry units covered by this
specification are made from lightweight or
normal weight aggregates, or both.

NOTE 1—The requirements of this specification
have been researched, evaluated, and
established for over a century, resulting in the
physical  properties and attributes defined
here. These requirements are uniquely and
solely applicable to concrete masonry units
manufactured on equipment using low or zero
slump concrete and the constituent materials
defined herein. Many performance attributes of
concrete masonry units are indirectly
accounted for, or inherently reflected within, the
requirements  of this specification without
direct measurement, assessment, or evaluation.
Applying the requirements of this specification
to products that may be similar in appearance,
use, or nature to those covered by this
specification may not address all pertinent
properties ensure

physical necessary to

performance or serviceability of the resulting
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construction in real-world applications under
typical exposure environments.

Products manufactured using alternative
materials, manufacturing methods, or curing
processes not covered by this specification
should not be evaluated solely using the
requirements in this specification; however,
developers of new products can consider the
property requirements of this specification as a
beginning benchmark for unit performance. It is
reasonable to test new products for system

performance as well as unit performance.

1.3 The text of this specification references notes
and footnotes which provide explanatory
material. These notes and footnotes (excluding
those in tables and figures) shall not be
considered as requirements of the standard.

1.4 The values stated in inch-pound units are to
be regarded as standard. The values given in
parentheses are mathematical conversions to
SI units that are provided for information only
and are not considered standard.

NOTE 2—When particular features are desired
such as surface textures for appearance or bond,
finish, color, or particular properties such as
density classification, higher compressive
strength, fire resistance, thermal performance
or acoustical performance, these features should
be specified separately by the purchaser.

Suppliers should be consulted as to the

availability of units having the desired features.
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2. Referenced Documents

2.1 ASTM Standards:2

C33 Specification for Concrete Aggregates

C140 Test Methods for Sampling and Testing
Concrete Masonry Units and Related Units
C150 Specification for Portland Cement

C331 Specification for Lightweight Aggregates
for Concrete Masonry Units

(C426 Test Method for Linear Drying Shrinkage
of Concrete Masonry Units

C595 Specification for Blended Hydraulic
Cements

C618 Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use in Concrete
C979 Specification for Pigments for Integrally
Colored Concrete

(C989 Specification for Slag Cement for Use in
Concrete and Mortars

C1157 Performance Specification for Hydraulic
Cement

(C1232 Terminology of Masonry

C1240 Specification for Silica Fume Used in
Cementitious Mixtures

C1314 Test Method for Compressive Strength of
Masonry Prisms

E519 Test Method for Diagonal Tension (Shear)
in Masonry Assemblages

E72 Test Methods of Conducting Strength Tests

of Panels for Building Construction

3. Terminology
3.1 Terminology defined in Terminology C1232

shall apply for this specification.
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4. Materials
4.1 Cementitious Materials—Materials shall
conform to the following applicable
specifications:

4.1.1 Portland Cement—Specification C150.
4.1.2 Modified Portland Cement—Portland
cement conforming to Specification C150,
modified as follows:

(1) Limestone—If calcium carbonate is added to
the cement, the CaCO3 content shall not be
less than 85 %.

(2) Limitation on Insoluble Residue—1.5 %.

Air

(3) Limitation on Content  of

Mortar—Volume percent, 22 % max.
(4) Limitation on Loss on Ignition—7 %.
4.1.3 Blended Hydraulic
Cements—Specification C595.

4.1.4 Hydraulic Cement—Specification C1157.

4.1.5 Pozzolans—Specification C618.

4.1.6 Blast Furnace Slag Cement—Specification
C989.

4.1.7 Silica Fume—Specification C1240.

4.2 Aggregates —Aggregates shall conform to
the following specifications, except that grading
requirements shall not necessarily apply:

4.2.1 Normal Weight Aggregates—Specification
C33.

4.2.2 Lightweight Aggregates—Specification
C331.

4.3 Pigments for Integrally Colored Concrete—
Specification C979.

4.4 Other Constituents—Air-entraining agents,
integral water repellents, and other
constituents shall be previously established as

suitable for use in concrete masonry units and
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shall conform to applicable ASTM standards or
shall be shown by test or experience not to be
detrimental to the durability of the concrete
masonry units or any material customarily used

in masonry construction.

5. Physical Requirements

5.1 At the time of delivery to the purchaser,
units shall conform to the physical
requirements prescribed in Table 1 and Table
2. All units shall be sound and free of cracks or
other defects that interfere with the proper
placement of the unit or significantly impair
the strength or permanence of the construction.
Minor cracks, incidental to the usual method of
manufacture or minor chipping resulting from
customary methods of handling in shipment
and delivery, are not grounds for rejection.
NOTE 3—Higher compressive strengths than
those listed in Table 2 may be specified where
required by design. Consult with suppliers to
determine availability of units of higher
compressive strength.

NOTE 4—Oven-dry densities of concrete
masonry units generally fall within the range
of 85 to 145 Ibf/ft3 (1360 to 2320 kg/m3).
Because available densities will vary, suppliers
should be consulted before specifying project
requirements.

5.1.1 When higher compressive strengths than
those listed in Table 2 are specified, the tested
average net area compressive strength of three
units shall equal or exceed the specified
compressive strength, and the tested individual
unit net area compressive strength of all three

units shall exceed 90 % of the specified

oY — MRS = MR S Tl &
A BT AN E TR AR E 2 14%
Bzl o ORESNAHDET D,

5. B R

5.1 MEAE~OMIAIL, R 1 F2IEE 2 ITHESH
TODYE A L - = R 52 8, §7X
TO2=y NI T, 2=y bOBE YRR E A 15 7
0| AEIE OTRE SO AR & LI LB
DD RIEDT2NEDETHI L,

T ORGE ST ATHE S B R, E IR
BELOBLEIZ BT HEE R BN FIENBAELS
PR R ITFIE, 2 AFVEAR DIRILE T2 B0,

13— BGEF LUEREAIT, R 2 ISRHHShT0D
bOLOHFEW MR 2R E TED, a1
KL, ZV@WERTRE D=y ORI ZHE+ 252
ko

4 — ar7)— M=y bR TR E 85
~145 Ibf / ft 3(1360~2320 kg / m 3) DFIFHNIC

oD, LTeh3o T, FIH TR B 1T M e DT D )

DA E T HANCHHG EH ~ kAT DL,

5.1.1 £ 2 ZRHSNIZLO L0 E O EHE TR 2
SNTWDHE . B 3RO EMETREL TR E S
SREELL B TR IIERB T, 3 (KT T O ERETREE
IR ESNBED 90% & B2 TWDHIE,

244




compressive strength.
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A Average of measurements on a minimum of 3
units when measured as described in Test
Methods C140

B  When this standard is used for units having
split surfaces, a maximum of 10 % of the split
surface is permitted to have thickness less than
those shown, but not less than 34 in. (19.1 mm).
When the units are to be solid grouted, the 10 %
limit does not apply and Footnote C establishes
a thickness requirement for the entire faceshell.
C When the units are to be solid grouted,
minimum face shell and web thickness shall be
not less than 58 in. (16 mm).

D Minimum normalized web area does not apply
to the portion of the unit to be filled with grout.
The length of that portion shall be deducted
from the overall length of the unit for the
calculation of the minimum web cross-sectional

area.
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NOTE 5—The purchaser is the public body or
authority, association, corporation, partnership,
or individual entering into a contract or
agreement to purchase or install, or both,
concrete masonry units. The time of delivery to
the purchaser is FOB plant when the purchaser
or the purchaser’s agent transports the concrete
masonry units, or at the time unloaded at the
worksite if the manufacturer or the
manufacturer’s agent transports the concrete
masonry units.

5.3 Hollow Units:

(tfs) and web

the

5.3.1 Face shell thickness

thickness (tw) shall conform to
requirements prescribed in Table 1.

NOTE 6—Web thickness (tw) not conforming to
the requirements prescribed in Table 1 may be

approved, provided equivalent structural
capability has been established when tested in
accordance with the applicable provisions of

Test Methods E72, C1314, E519, or other
applicable tests and the appropriate design
with

criteria developed is in accordance

applicable building codes.

5.4 Solid Units:

5.4.1 The net cross-sectional area of solid units
in every plane parallel to the bearing surface
shall be not less than 75 % of the gross
cross-sectional area measured in the same
plane.

5.5 End Flanges:

5.5.1 For units having end flanges, the thickness
of each flange shall not be less than the

minimum face shell thickness.

NOTE 7—Flanges beveled at the ends for
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mortarless head joint applications that will be
filled with grout are exempt from this
requirement.

Flanges which are specially shaped for
mortarless head joint applications which have
been shown by testing or field experience to
provide equivalent performance are exempt

from this requirement.

6. Permissible Variations in Dimensions

6.1 Standard Units—For standard units, no
overall dimension (width, height, and length)
shall differ by more than 618in (3.2 mm) from
the specified dimensions.

6.2 Particular Feature Units—For particular
feature units, dimensions shall be in accordance
with the following:

6.2.1 For molded face wunits, no overall
dimension (width, height, and length) shall
differ by more than 618 in. (3.2 mm) from the
specified standard dimension. Dimensions of
molded features shall be within 61716 in. (1.6
mm) of the specified standard dimensions and
shall be within 61/16 in. (1.6 mm) of the specified
placement of the molded feature.

NOTE 8—Molded features include, but are not
limited to: ribs, scores, hex-shapes, and
patterns.

6.2.2 For split-faced units, all non-split overall

dimensions shall differ by not more than 61/8 in.

(3.2 mm) from the specified standard
dimensions.
6.2.3 For slump units, no overall height

dimension shall differ by more than 61/8 in. (3.2

mm) from the specified standard dimension.
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NOTE 9—On faces that are split or slumped,
overall dimensions will vary. Consult with
suppliers to determine achievable dimensional

tolerances for products including these features.

7. Finish and Appearance
7.1 No more than 5 % of the units in the
shipment shall exhibit one or more of the
characteristics described in 7.1.1 through 7.1.4
and 7.2.

7.1.1 Units with dimensions not meeting the
requirements of 6.1.

7.1.2 Units with finished face(s) containing chips
larger than 1 in. (25.4 mm) in any direction.
7.1.3 Units with finished face(s) containing
cracks wider than 0.02 in. (0.5 mm) and longer
than 25 % of the nominal height of the unit.
7.1.4 Units that are broken.

NOTE 10—Units specified to have particular
features or finishes, such as split-face and
tumbled units, should not be evaluated for
conformance of such features to the
requirements of 7.1.2.

7.2 Where units are to be used in exposed wall
construction, the face or faces that are to be
exposed shall not show chips or cracks, not
otherwise permitted in 7.1.2 and 7.1.3, or other
imperfections when viewed from a distance of

not less than 20 ft (6.1 m) under diffused

lighting.
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7.3 The color and texture of units shall be
The finished
shall

specified by the purchaser.
surfaces that will be exposed in place
conform to an approved sample, consisting of not
less than four units, representing the range of
texture and color permitted.

NOTE 11—Concrete masonry units are
produced using a wide variety of natural
aggregates and other materials. As such, slight
variations inherent from natural materials
should be expected. Since specifying units and
approving samples can take place several
months prior to production of actual units for a
project, slight variations in appearance from the

approved sample are to be expected.

8. Sampling and Testing
8.1 The purchaser or authorized representative
shall be accorded proper facilities to inspect

and sample the units at the place of
manufacture from the lots ready for delivery.

8.2 Sample and test units in accordance with
Test Methods C140.

8.3 Total linear drying shrinkage shall be based
on tests of concrete masonry units made with
the same materials, concrete mix design,
manufacturing process, and curing method,
conducted in accordance with Test Method
C426 and not more than 24 months prior to

delivery.

9. Compliance
9.1 If a sample fails to conform to the specified

requirements, the manufacturer shall be

permitted to remove units from the shipment.

A new sample shall be selected by the
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purchaser from remaining units from the
shipment with a similar configuration and
dimension and tested. If the second sample
meets the specified requirements, the remaining
portion of the shipment represented by the
sample meets the specified requirements. If the
second sample fails to meet the specified
requirements, the remaining portion of the
shipment represented by the sample fails to
meet the specified requirements.

NOTE 12—Unless otherwise specified in the
purchase order, the cost of tests is typically
borne as follows: (1) if the results of the tests
show that the units do not conform to the
requirements of this specification, the cost 1is
typically borne by the seller;

(2) if the results of the tests show that the

units conform to the specification requirements,

the cost is typically borne by the purchaser.

10. Keywords

10.1 absorption; compressive strength; concrete
masonry units; equivalent web thickness; face
shell; flange; lightweight;

linear drying shrinkage; loadbearing; medium

weight; normal weight; webs

X1. WATER PENETRATION RESISTANCE

X1.1 Exterior walls are often subjected to
moisture penetration from one or more sources.
For example, basement walls may be exposed
to water from saturated soil. Above-grade

exterior walls are wusually exposed to

wind-driven rain. To prevent water penetration,
proper detailing, construction, flashing, and

drainage should be provided. Proper water
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penetration resistant treatments should be
applied to the walls.
While it is not within the scope of Specification

C90 to include information on resistance to

water penetration, such information and
guidelines are available from other
organizations.

X2. CRACK CONTROL

X2.1 Restrained or differential movement in
building elements and building materials can
result in cracking. Some common causes of
movement are: loads created by wind, soil
pressure, seismic forces, or other external
sources; settlement of foundations; or volume
changes in materials. For example, volume
changes in concrete masonry units can be
caused by moisture gain and loss, thermal
expansion and contraction, and carbonation.
To limit and control cracking due to these and
other design, detailing,

causes, proper

construction, and materials are necessary.

Specification C90 provides a maximum
limitation on the total linear drying shrinkage
potential of the wunits, but it is not within the
scope of this specification to address other

design, detailing, construction, or material
recommendations.

This type of information and related guidelines
for crack control are available from other

organizations.
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