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Outline

Over view of Single wythe walls

Present ASD Reinforced Masonry Wall Design
Provisions

Present SD Code provisions Masonry Wall
Design Provisions

Present Tall Wall Design Examples




Single Wythe Walls

]

| |
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Erpar

Exterior Load Bearing and Non Loadbearing single
Wythe Masonry Walls
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Exterior Reinforced Masonry RM
Typically subjected to
Axial and Flexure Loads
Gﬂm Gravity Load gut D:i Pla':e
* eaction From If Load bearing
® Diaphragm Outof Plane P there is a vertical
. “!‘\ avity Load  Reaction From load May be
o Cﬁvﬁf g Diaphragm eccentrically
e =7 Wind or = Applied
Earthquake -
Bl cPais - ‘é“:;'&“&iziﬁ; Roof/floor
Eliloanit:n'tabom T - Diaphragm
In-Plane Axis Supports Wall

Gravity
Reaction

CODE - COMBINED LOADING — GIVES ASSUMPTIONS
AND SAYS USE MECHANICS — THUS INTERACTION
DIAGRAMS — CODE SECTION 8.3 (ASD) — 9.3 (SD)




Flexure and Axial Load with
Reinforced Masonry

= ASD — Discuss Code Provisions and Interaction
diagrams - Use TMS 402 -13 (IBC 2015)
» reinforced masonry walls

= Present design techniques and aids for design
problems involving combinations of flexure and
axial force

= interaction diagrams by hand and by spreadsheet

= Repeat with strength design

Design for Axial Forces and flexure-
(OOP) ASD Interaction Diagrams

Code Section 8.3

COMBINED AXIAL STRESS AND COMPRESSION BENDING
STRESS = just add f,+f, (no interaction equation)

= Maximum compressive stress in masonry from axial
load plus bending must not exceed (0.45)f",

= Axial compressive stress must not exceed allowable
axial stress from Code 8.2.4.1 — Axial forces limited
Eq.8-21 or 8-22. Note same result .

= Limit tension stress in reinforcing to F, — usually 32,000 psi
— Compression steel similar if tied (not usual — columns)




Limit P applied = P allowable
(axial compressive capacity)

Code Equations (8-21) and (8-22)
Slenderness reduction coefficients — same as unreinforced
masonry. Compression reinforcing must be tied as per

5.3.1.4 to account for it. i.e. F; = 0 (compression) if not
tied.

2
P, =(0.25f A +0.65A, ) for 23 99 (8-21)

P,=(0.25f A +0.65A,

for 2> 99 (8-22)
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Axial Compression in Bars Can be accounted

for if tied as:
5.3.1.4 Lateral ties ..:

(a) Longitudinal reinforcement .. enclosed by lateral ties at least 1/4 in
...diameter.

(b) Vertical spacing of lateral <16 longitudinal bar diameters, lateral tie
bar or wire diameters, or least cross-sectional dimension of the member.

(c) Lateral ties shall be arranged such that every corner and alternate
longitudinal bar shall have lateral support provided by the corner of a
lateral tie with an included angle of not more than135 degrees. No bar ...
farther than 6 in. (152 mm) clear... from such a laterally supported bar.
Lateral ties ... in either a mortar joint or in grout. Where longitudinal bars
... Circular ties shall be 48 tie diameters.

d) Lateral ties shall be located ....one-half lateral tie spacing above the
top of footing or slab in any story, ...one-half a lateral tie spacing below
the lowest horizontal reinforcement in beam, ...

(e) Where beams or brackets frame into a ... not more than 3 in.... such
beams or brackets.




Allowable — Stress

Interaction Diagrams Walls

1. plane sections remain plane after bending
* shear deformations neglected
* strain distribution linear with depth
2. neglect all masonry in tension
3. neglect steel in compression unless tied
4. stress-strain relation for masonry is linear in compre
5. stress-strain relation for steel is linear
6. perfect bond between reinforcement and grout
* strain in grout is equal to strain in adjacent
reinforcement
7. grout properties same as masonry unit prope

P

+ Assume Solid grouted and
Singly reinforced wall bending out of plane

M

Bars in center of wall thickness

rom Dan Abrams- Masonry Structures Class Notes next 10 Slides

Axial Force-Moment Interaction Diagram
Out-of-Plane Bending of Reinforced Wall

P,
M, m Get equivalent force couple at Centerline of wall thickness

Range “a”:

large P, small M, e=M/P < t/6

=b

Pl = o'scfml +fu2)A

unit width

M,=0.5(f,,,f,,)S where S = bt¥/6

10




Axial Force-Moment Interaction Diagram

Ont-of-l;lane Bending of Reinforced Wall
b

M,
|d=tle

=h

unit width

Rnnge “bﬂ
medium P, medium M, e > ¢/6, A, in compression

0.5 < o < 1.0 for section with reinforcement at center

it ot=kd
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Axial Force-Moment Interaction Diagram

Out-of-Plane Bending of Reinforced Wall

PC
M( I
d=U2=

ey

=b‘

unit width

Range “c” small P, large M, e > 1/6, A, in tension

< 0.5 for section with reinforcement at center

2 at=kd

12




Axial Force-Moment Interaction Diagram
Out-of-Plane Bending of Reinforced Wall
Range “a” Range “b” Range “c”

e=0; M=0
]

P=F, A

Reduce & from
1.0 by
increment

" B
Determine P and
M per Range “b”

13

Axial Force-Moment Interaction Diagram
Out-of-Plane Bending of Reinforced Wall

F, [ " = Fe ui = 2F, - F, X Range “a”
y

R.ﬂllge Sq’"

Rnnge “c§!

.ﬁ\ F/n Moment

14




Allowable — Stress Interaction
Diagrams Walls

No. 5bars

/_ centered(typ.)
‘ :

| Example 1(10.4-2&10.4-3&10.4-4 MDG) vanr | - .
= 8" CMU with #5 @ 48 in OC

« f', = 2000 psi Based on Effective width = 48 in., h=16.7
ft

= ForM =0, P cutoff - Equation 8-21 or 8-22
h _16.67ftx12in./ft

: =90.9<99
r 2.20 in.
h 2
1
P,=(0.25f" A +065A F )1-——
140 r
16.67 \*
= (0.25 x 2,000 psi x (7.63 in. x 48in.)+0) 1 - ————
140 x 2.2
= 26,429 Ib = 26 .4 Kkips
15
Spreadsheet for calculating allowable-stress M-N diagram for solid masonry wall
16.67 Ft Wall w/ No. 5 @ 48in (Centered) NOTE BASED ON 1 ft of Wall and Not EFFECT
total depth, t 7.625 Wall Height, h 16.67 feet
fm, fprimem 2000 Radius of Gyration, r 2.20in
Em 1800000 h/r 90.9
Fb 900.00 Reduction Factor, R 0.578
Es 29000000 Allowable Axial Stress, Fa 289 psi
Fs 32000 Net Area, An 365.7 in"2
d 3.8125 Allowable Axial Compr, Pa 26429 |b
kbalanced 0.311828
tensile reinforcement, As/beff 0.31 #5 @ 48 Centered ne 'E; _ 29,000,000 ~16.11
width, beff 48 E, 900x2000
because compression reinforcement is not tied, it is not counted
k kd fb Cmas fs Axial Force Moment
(psi) (Ib) (psi) (Ib) (Ib-in)
Points controlled by steel 0.01 0.04 20 18 -32000 -2475 17
0.05 0.19 105 478 -32000 -2360 448
d 0.1 0.38 221 2019  -32000 -1975 1861
0.15 0.57 351 4811 -32000 -1277 4356
b 0.2 0.76 497 9087 -32000 -208 8084
0.25 0.95 662 15145 -32000 1306 13232
0.24 0.92 627 13774 -32000 963 12078
0.3 1.14 851 23366 -32000 3362 20044
Points controlled by masonry 0.311828 1.19 900 25679 -32000 3940 21931
0.4 1.53 900 32940 -21750 6549 27210
0.5 1.91 900 41175 -14500 9170 32704
0.6 2.29 900 49410 -9667 11603 37675
% 038 3.05 900 65880  -3625 16189 46047
1 3.81 900 82350 0 20588 52327
fb 1.2 4.58 900 98820 0 24705 56513
1.4 5.34 900 115290 0 28823 58606
1.6 6.10 900 131760 0 32940 58606
1.8 6.86 900 148230 0 37058 56513
2 7.63 900 164700 0 41175 52327
Pure compression 900 329400 0 329400 0
Axial Force Limits fs I 26429 0 16

Fb=0.25 fmR+? 26429 58606




k kd b Cmas fs Axial Force Moment

: (psi) ©  (b) (psi) (Ib} (Ibn).
Points controlled by .steel 0.01 0.04 20 18 ~32000 2475 7
d 0.05 G.19 105: 478 32000 2360 448
: 0.1 0.38 221! 2019 -32000 1975 1861
lﬁ R 0.15 657 351 481177 32000 1277 4356
b 0.2 0.76 497 9087 32000 =208 8084
0.25 0:95 662,/ 15145  -32000 1306 13232
0.24 0.92 627° 13774  -32000 ‘963 12078
03 114 831 23366  -32000 3362 20044
3 32,000
f,=—0xkd =—18.11 .0 38=221psi
d —kd 3.81-0.38

Cras =1/2x fhxkd xb=1/2x221x0.38x48=2,0191b
P=C,,. — (A xFs)=2019-(0.31x32,000) = -7,9011Ib
For b, for1ftof wall= 1/4x-7901=-1975Ib per foot of wall
t
M= Cmas Xey _Ts(ds _E) =

M = 2019{@-0'7338)45(0) 7,437 Ib.in

For b, for1ftof wall= 1/4 x7437=1,860 Ib.in per foot of wall
17

‘0311828 119 900" 25679 32000 3940 21931
© 04 153 9000 32940 21750 6549 27210
05 1.91 900- 41175 14500 8170 32704
d, 06 229 9000 48410 - 9667 11603 37675
— .08 305 900 BES80 @ -3625 16189 46047
kd S 3BT 900 42360 - B [20688 - 5p327 -
Fb So12 458 900; /98820 @ 0 24705 56513
14 534 9000 A15290 @ O 28823 58606
16 €.10 900 131760 0 33940 58606
18 686 900: | 148230 0 37058 56513
AN fs
F,=—0 xkd=—1611 .7 53_900psi
d—kd 3.81-1.53
f, =21,750psi

Chas =1/2x F xkd xb=1/2x900x1.53x48 =32,940Ib

P=C,, — (A xF)=232940-(0.31x 21,750) = 26,198 Ib
For b, forlftof wall = 1/4 x 26,198 = 6549 Ib per foot of wall

M :Cmas x€y _Ts(ds _%) =

M = 32940 [g—?) ~T,(0)=108702b.in

For b, for1ftof wall= 1/4x108,702 =27,200 Ib.in per foot of wall
18




Points controlled by masonry

Lk kd | b . Cmas f= Axial Force  Moment
: (psi) ©  (Ib) (psi) (Iby (lb-in}-
‘031828 119 900 25679 " =32000° 7 3940 21931
d Co04 153 9000 32940 21750 6549 27210
- 0.5 1.91 300 41175 -14500 9170 32704
0.6 2.29 900: 49410 1 -9667 11603 3TETS
© 08 208 900, 65880 -3625 16189 45047
SRS 1 EEERE 3gl - 90082350 -0 20588 - - - - 52327
12 458 900: 98820 0 24705 56513
14 634 9007 115290 0 28823 58606
16 6.10 900" 131760 0 32940 58606
18 6.86 900: 148230 0 37058 56513
C,.. =1/2xF,xkd xb=1/2x900x3.81x 48 =82,350 Ib
P=C,_.—(A xF,)=82350-(0.31x0)=823501Ib
For b, for1ftof wall = 1/4 x82,350 = 20,587 Ib per foot of wall
t
M :Cmas x€y, _Ts(ds _E) =
7.625 3.81 .
M =82,350 x (T _TJ ~T,(0)=209,170b.in

For b, forlftof wall= 1/4x209170=52,300 Ib.in per foot of wall
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Spreadsheet for calculating allowable-stress M-N diagram for solid masonry wall
16.67 Ft Wall w/ No. 5 @ 48in (Centered) NOTE BASED ON 1 ft of Wall and Not EFFECT
total depth, t 7.625 Wall Height, h 16.67 feet
fm, fprimem 2000 Radius of Gyration, r 2.20in
Em 1800000 h/r 90.9
Fb 900.00 Reduction Factor, R 0.578
Es 29000000 Allowable Axial Stress, Fa 289 psi
Fs 32000 Net Area, An 365.7 in"2 MDG
d 3.8125 Allowable Axial Compr, Pa 26429 |b
kbalanced 0.311828
tensile reinforcement, As/beff 0.31 #5 @ 48 Centered
width, beff 48
because compression reinforcement is not tied, it is not counted
k kd fb Cmas fs Axial Force Moment
(psi) (Ib) (psi) (Ib) (Ib-in)
Points controlled by steel 0.01 0.04 20 18 -32000 -2475 17
0.05 0.19 105 478 -32000 -2360 448
d 0.1 0.38 221 2019  -32000 -1975 1861
0.15 0.57 351 4811 -32000 -1277 4356
b 0.2 0.76 497 9087  -32000 -208 8084
0.25 0.95 662 15145 -32000 1306 13232
0.24 0.92 627 13774 -32000 963 12078
0.3 1.14 851 23366 -32000 3362 20044
Points controlled by masonry 0.311828 1.19 900 25679 -32000 3940 21931
0.4 1.53 900 32940 -21750 6549 27210
0.5 1.91 900 41175 -14500 9170 32704
0.6 2.29 900 49410 -9667 11603 37675
% 038 3.05 900 65880  -3625 16189 46047
1 3.81 900 82350 0 20588 52327
fb 1.2 4.58 900 98820 0 24705 56513
1.4 5.34 900 115290 0 28823 58606
1.6 6.10 900 131760 0 32940 58606
1.8 6.86 900 148230 0 37058 56513
2 7.63 900 164700 0 41175 52327
Pure compression 900 329400 0 329400 0
Axial Force Limits fs I 26429 0 20
Fb= 0.25 FmR+? 26429 56606

10



P =1000 Ib/ft Ex1-
30 psf e=2.48in
o ‘ = If P = all dead load
<> = Check .6D + .6W at mid-height
gi"a‘;jﬁ:gg:ﬂ Would also have check other load combos
" supports wall ;. 0.6D + .6W at mid-height often governs
= 1667
Per foot of wall analysis
= P at mid-height including weight of wall
+«—> = P=987 Ib/ft (0.6 D)
N and M = 7,425 |b.in/ft (0.6D+0.6W)
= You would need to look at other load cases
and at the top of the wall.
= Also Check shear — won't govern.
21
ASD Interaction Diagram
8 in Wall, 16.67 ft high, #5 @ 48 in. Centered
45000
40000 .\
35000 \
30000 /\I
é’ 25000 i
uf / —&— Capacity
.g_ 20000 MidH
= / Axial Cut off
% 15000 /
10000 U.bU+U.bVL/f
5000 /
2 HOOOO 20000 30000 40000 50000 60000 70000
=0 M, Ib-in per foot of length

22




Strength Interaction
Diagrams
Code Section 9.3

= for reinforced masonry
» flexural tensile strength of masonry is neglected

= equivalent rectangular compressive stress block with
maximum stress 0.80 f',, B; = 0.80

= stress in tensile reinforcement proportional to strain,
but not greater than f,

= stress in compressive reinforcement calculated like
stress in tensile reinforcement, but neglected unless
compressive reinforcement is laterally tied

Note ¢ = for combined axial and flexure = 0.9

23

Strength Interaction Diagrams...

= vary strain ( stress ) gradient and position of
neutral axis to generate combinations of P and
M — using max stress in masonry = 0.8 ', over a
compression block and max steel stress = f,

= Also limit P, 5ppieq t0 <¢ P, - EQ 9-19 and Eq 9-20

. h Y h
P =0.8(.80f - f)ll-| —| | for —<99 Eq9-19
=08(801, (A, ~A)+ A, y){ (mr” :

T

2
P, =0.8(80f, (A, ~A)+A, f,) (YTOQ for 1599 Eq9-20
r

R

24




& =

Rein

fy

g % Mg, Assumptions of

Axial
Lpad,P{ 2 | Strength Design
§ a2
&, = 0.0035 clay
0.0025 concrete
foncement

al 0.80f = Locate neutral axis based
1 B, = 080 on extreme - fiber strains
T * * *'* 1 = Calculate compressive
' force C
= P = C - XTi (reduced?)

Vil
One or m?re Rebars = Mg =C(h/2-a/2)+3 T, vy,

h >
25

Strength Interaction Example

= vary c/d from zero to a large value
= When C = Cuaanceq » Stee€l is at yield strain, and
masonry is at its maximum useful strain

= When ¢ < Chalanced fs = fY
=« when ¢ > Chalanced fs < fY

= Compute nominal axial force and moment
« 0P, =02 f
« 0M, =02X f; x y; (measured from centerline )
= ¢=009

= Can do hand Calc. method like before

26
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Design of Walls for Out-of—Plane
Loads: TMS 402 Section 9.3.5
FOR SD MUST ALSO

= Limit Maximum reinforcement by 9.3.3.5
= Check Nominal shear strength by 9.3.4.1.2

= Add P Delta Effects to Applied moments
Three procedures for computing out — of —
plane moments and deflections - Load Side

= Second — order analysis - Computer

= Moment magnification method (new)

= Complementary moment method; additional
moment from P — d effects — Slender wall
analysis

27

Design of Walls for Out-of—Plane
Loads: TMS 402 Section

9I3I5l4l3
= Moment Magnification all loads

Mu:l//Mu,O (9_31)
— (9-32)

P

1—_u

Pe

2

p=" i";'eff (9 - 33)

] MU < MCI’: Ieff = 0.75|n
= Mu 2 Mcr: lege = ler

28
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Design of Walls for Out-of-Plane
Loads: TMS 402 Section 9.3.5.4.2

= Complementary Moment — Iterative? For P /A;< 0.2 f',

2
M, =W p &ps (9 -27)
8 2
I:)u = I:)uw + I:)uf (9 - 28)
2
5 =2M,h (9 - 29)
48E I
2 _ 2
y — 5Mcrh + 5(MU Mcr)h (9_30)
48E I 48E_I_

= Eg. 9-29 for M, < M,
= Eqg.9-30 for M, = M,
= Also Limited to h/t <30 other wise P limited to 0.05f A,
29

Design of Walls for Out-of-Plane
Loads: TMS 402 Section 9.3.5.4.2

= Or Solve Equations for M, - 2 eq. 2 unknowns

= Iv|u<Mcr w,h? e,
+Puf7
M, =2 5F>h22
1- 2R
48E, I
= M >M

w, h? e, 5M_Ph*(1 1
+P; S+ =
8 2 48E,_
u 2
1_ SR
48E 1,

30

15



Design of Walls for Out-of—Plane
Loads: TMS 402 Section 9.3.5.4.5

= Iy
I, :n(As+itiJ(d-c)2+ be”
F, 2d 3
AF, + P,
C =
0641 b

31

Design of Walls for Out-of—Plane
Loads: Design Procedure

= Estimate amount of reinforcement from the
following equations.

= This neglects P — 9 effects. Can estimate increase
in moment, such as 10%, for a preliminary
estimate of amount of reinforcement.

aod_ |qz_2P(d-t/2)+M,]
$(0.81'b)

_0.8fjba-P, /¢
S fy
Or take max moment and d-a/2 ~ .9 dAF, =M,

A

32
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DESIGN of REINF MASONRY
WALLS Strain Diagrams

= Find c balanced

c=d €
Eme +E,

= For c values less than the
balanced value steel yields
before ult. strain in masonry

= for c above the balanced
value steel does not yield at
ult. strain in masonry

33

DESIGN of REINF MASONRY
WALLS Strain Diagrams

&= 14/E, |

[

1

Eym 0,0025 CMU
0.0035 clay

c

|
A, d-n2 ‘! N2 - a2 !

Note B, = 0.8 in masonry

& $=0.9

|

= For c values less than the
balanced value, steel yields
before ult. strain in masonry

C=0.80c (0.80 £, )b
T=Af,
P=C-T

,=r{a-E)oc(2-2)
2 Z2 @

34
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DESIGN of REINF MASONRY
WALLS Strain Diagrams

q
|,

s
-c

Eym 0,0025 CMU
0.0035 clay

c

|
i, f2-a2 !

Note B, =
& ¢=0.9

|

0.8 in masonry

For c values greater than
the balanced value, steel
does not yield before ult.
strain in masonry

£ _d-=c
By B
E.f =£F’Hﬂ[d_c‘)
c
fs =E5£5
C =0.80c¢ (0.80 £, )b
T= .Tf3
P, =C-T

DESIGN of REINF MASONRY
WALLS Example 2

P

p— .
4 | | _e=131in

r I~

210"

WALL

131.Zor 164 4 |b/ft

)’ (cormers}

39.8 |yt
for both Area  fe—
4and 5

CASE A COMPONENTS AND
CLADDING WIND LOADS

-82.55 or -107 4{comers) Ib/ft* 96 |biit

=l
s
—
[
-427 or :
=" - 67.5 (corners) |p/ft [
la—al
[
[t
e

32 |t

<
<

CASE B COMPONENTS AND
CLADDING WIND LOADS

SEISMIC
WALL DESIGN

36
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DESIGN of REINF MASONRY
WALLS MDG Examples DPC 2 SD

12D+ 1.6L,: + 050"

Pu=12=(11,900 Ib+ 4 ft (1,190 Ib/ft))4 ft
Got SD loads +1.6% (11,500 1b) 4 ft + 0.5 % (-31,7001b)/4 ft
= 5640 Ib per ft of wall
See examp|e M= (131 in/2)%(1.2 11,900 Ib + 1.6x11,500 Ib. - 0.5:31,700 1b.) / 4 ft

+0.5 % 23,600 lb-in_/ft
= 14,600 Ib-in. /ft = 1,210 Ib-ft per ft of wall

Th 12D+ 1.0W+ 05 Ly
en P, =1.2x(11,9001b + 4 £t (1,190 lb/ft))/4 ft
+1.0 % (-31,700 Ib)/4 ft + 0.5 (11,500 Ib)/ 4 ft
g uessed =-1.490 Ib (uplift) per ft of wall
My=(1311n./2)x(1.2x11.900 Ib + 1.0x(-31,700 Ib) + 0.5x11,500 Ib) / 4 ft
As to use = 1.0 % (23,600 lo-in. /f)

=-25,500 lb-mn. /ft = -2,120 1b-ft per ft of wall

Take max.
(1.2+02 8ps) D+ pQ: (Since L=0and 5= 0)
Moment and Py=12x(11,900 Ib+4 £t (1,190 1b))/4 ft £ 1.0x(3,330 1b)/4 ft
=4,170 b per ft of wall (negative is typically critical)
back My=12%(13110/2(11,9001b)) /4 ft + 1.0%21,100 lb-mn. /ft
=23,400 1b-1n. /ft = 1,950 lb-ft per ft of wall
09D + 1.0#"
A Py=09%(11,9001b+4 ft (1,190 1b)) / 4 ft + 1.0x(-31,700 1b) / 4 ft
sreq =-4,180 Ib per foot of wall (uplift)
M= (13110 /2)=(0.9x11.900 1b + 1.0x(-31,700 1b))/ 4 ft + 1.0x23,600 lb-mn. /ft
=-27,040 lb-mn. /ft = -2,250 1b-ft per ft of wall 37
p 21 ft solid 8 in CMU #5 @ 16"
Spreadsheet for calculating SD moment-axial force interaction diagram for solid masonry wall
reinforcement at mid-depth
specified thickness 7.625 in. Wall Height, h 21.0 feet
em 0.0025 Radius of Gyration, r 220 in
f'm 2,000 psi hir 114.5
fy 60,000 psi Reduction Factor, R 0.373
E, 29,000,000 psi
d 3.81 in. Net Area, An 91.5
(c/d)balanced 0.547 Peak Axial Compr,¢P 5 39,265
tensile reinforcement area 0.2325 No. 5@ 16 in.
effective width 12iin.
phi 0.9
because compression reinforcement is not laterally supported , it is not counted
c/d [ Cmas | fq Moment | Axial Force
b _‘ psi  |®M,, Ib-in| (®P,, Ib)
Points controlled 0.01] 0.0381 585 -60,000 1,969 -12,028
by steel 0.15] 0.5715 8,778| -60,000]| 28,283 -4,655
0.20 0.762] 11,704 -60,000 36,918 -2,021
0.30] 1.143 17,556 -60,000 52,985 3,246
0.32| 1.21158 18,610 -60,000 55,707 4,194
0.33] 1.2573, 19,312 -60,000 57,492 4,826
0.4 1.524 23,409 -60,000] 67,447 8,513
Balanced point 0.547169811| 2.084717 32,021 -60,000 85,810 16,264
0.80] 3.048| 46,817| -18,125 109,261 38,343
Points controlled 0.90) 3.429] 52,669 -8,056] 115,701 45,717
by masonry 1.10 4.191] 64,374 0| 123,758, 57,936
1.3] 4.953] 76,078 0| 125,390 68,470
1.6| 6.096 93,635 0| 115,797, 84,271
18] 6.858] 105,339 0 101,375 94,805
2.1 8.001] 122,895] o 67,702 110,606
2.5 9.525] 146,304| 0 329] 131,674
Maximum 0.05f' 9,150
: N 38
Maximum 0.2 f', 36,600 M P

19



Develop ID

Axial Force

e | Cops 2| ..z . | Moment |Axial Force
. Ib {® Pa, b}
Ao L D 11, Iu—m a1
0.20]  1.143]  17.554| 5,248
[ o . d AdqARG . - ARl ARl - RERETEEEL. - L 4 ADed

steel controls

L

i C,as =0.8xcx0.8f" xb=0.8x1.143x.8x2000x12=
s 05028 ORI =17,5661b per footof wall

0.0035 clay
P=C,. — (A xF,) = (17,556~ (0.2325x 60,000)) = 36061b
T < #P,= 0.9x3,6061b =3,2451b per foot of wall
Al a-w2 i h2-a2
|
' |
h h pc
M=T(d —2)+C,. (= —£)=
(@ =) +Cosly =57)
M = 60000 x 0.02325 x 7625 7.6 + 17655(£26 - ('8)17'143) =
2 2 2 2
=58,872 Ib.in per foot of wall ¢M =52,985Ib.in per foot of wall 39

p 21 ft solid 8 in CMU #5 @ 16"
Spreadsheet for calculating SD moment-axial force interaction diagram for solid masonry wall

reinforcement at mid-depth

specified thickness 7.625 in. Wall Height, h 21.0 feet
em 0.0025 Radius of Gyration, r 2.20in
f'm 2,000 psi hir 114.5

fy 60,000 psi Reduction Factor, R 0.373

E, 29,000,000 psi

d 3.81 in. Net Area, An 91.5
(c/d)balanced 0.547 Peak Axial Compr,¢P 5 39,265
tensile reinforcement area 0.2325 No. 5@ 16 in.

effective width 12iin.

phi 0.9

because compression reinforcement is not laterally supported , it is not counted

c/d [ Cmas | fq Moment | Axial Force
b _‘ psi  |®M,, Ib-in| (®P,, Ib)
Points controlled 0.0 0.0381 585[ 60,000 1,969 12,028
by steel 0.15] 05715 _ 8,778] 60,000 28,283 ~4,655)
0.20] _ 0.762] 11,704] -60,000 36,918 2,021
0.30) 1.143] 17,556 60,000 52,985 3,246
0.32 1.21158[ 18,610] -60,000 55,707 4,194
033 1.2573] _19,312] 60,000 57,492 4,826]
0.4]  1524] 23,409] 60,000 67,447 8,513
Balanced point 0.547169811[ 2.084717] _32,021] -60,000 85,810 16,264
0.80] _ 3.048] 46,817] -18,125] 109,26 38,343
ontrolled 0.90] _ 3.429] 52,669] _ -8,056] 115,701 45,717
by masonry 110] 4191 64,374 o] 123,758 57,936
13 4953 76,078 0] 125,390 68,470
16| 6.096] 93,635 o 115,797 84,271
18] 6.858] 105,339 0] 101,375 94,805
2.1 8.001] 122,895] 0 67,702 110,606
2.5 9.5%{ 146,304 0 329] 131,674
Maximum 0.05f"
i i 9,150 40
Maximum 0.2 f', 36,600 M P
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€= /E

Develop ID

Masonry controls

s/ =y |

coefid e | Cags | fi | Moment | Axial Furce

! Chas =0.8xCx0.8f" xb=0.8x3.429x.8x2000x12 =

=52,6691b per footof wall

e =z [ 9=C) —0.0005 381234291 _ 00278
c 3.429

fs = 29,000,000 x 0.00278 = 8,056 psi
P=C,_.—(A xF.)= (52669 (0.2325x8056)) = 50,796lb

{ P, = 0.9%x50796 Ib =45,7161b per foot of wall

_T@-N h _fey_
M=T@d -2)+ColG ~5)

M =8,056 x 0.02325 x (7 -
2 2

>

7.625 7.625) 7.626 7(.8)3.429)_

+52669(—>
2 2

=128,428Ib.in per foot of wall @M =115,600 Ib.in per foot of wall

41
21 ft solid 8 in CMU #5 @ 16"
Develop ID Spreadsheet for calculating SD moment-axial force interaction diagram for solid masonry wall
reinforcement at mid-depth
specified thickness 7.625 in. Wall Height, h 21.0 feet
em 0.0025 Radius of Gyration, r 2.20in
Get a | | the [ 2,000 psi hir 114.5
fy 60,000 psi Reduction Factor, R 0.373
p0|nts and E. 29,000,000 psi
d 3.81in. Net Area, An 91.5
CUt Off a ny (c/d)balanced 0.547 Peak Axial Compr,yP o 39,265
tensile reinforcement area 0.2325 No. 5@ 16 in.
b P effective width 12 in.
above max ohi 09
because compression reinforcement is not laterally supported , it is not counted
c/d c Cas fs Moment | Axial Force
Also Calc_ b psi__[OM, Ibin| (®P,, Ib)
Points controlled 0.01 0.0381 585[ -60,000] 1,969, -12,028|
4 by steel 0.15 0.5715, 8,778 -60,000 28,283 ~4,655|
O . 0 5f mAn 0.20] 0.762 11,704| -60,000| 36,918, -2,021]
0.30] 1.143 17,556| -60,000 52,985 3,246
a nd 0.32] 1.21158] 18,610 -60,000 55,707 4,194
0.33 1.2573, 19,312| -60,000 57,492 4,826
V4 0.4 1.524, 23,409| -60,000 67,447 8,513
O. 2f mAn Balanced point 0.547169811] 2.084717] _32,021] _-60,000] __ 85,810 16,264
0.80] 3.048 46,817] -18,125| 109,261 38,343
Th Points controlled 0.90 3.429] 52,669 -8,056 115,701 45,717,
ese a re by masonry 1.10 4.191] 64,374, 0 123,758 57,936
1.3 4.953] 76,078, 0 125,390 68,470
Cutoffs for P— 16]  6.096] 93,635 o[ 115797 84,271]
1.8 6.858| 105,339 0 101,375 94,80§|
A methods 21| 8.001] 122,895| o 67,702 110,606|
2.5 9.525[ 146,304] 0 329 131,674|
Maximum 0.05f",, 9,150
Maximum 0.2 f'r, 36,600 M P
P max 0 39,265
125,390 39,265 42
0.2f', 0 36,600
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Develop ID

SD Interaction Diagram
PIOt ID 8 in. solid CMU wall, f,=2,000 psi
No.5 bars @ 16 in
140,000
»\\—__
120,000
“\

100,000
5 ‘\
o
& 80,000
5 \7
S 60,000
8 s
g_ 40]000 Pmax /./
2 L
2
Q. 20,000
e 0.05Fmén | ¢ _

0 S L4
V,,/ZB:\BUU' 40,?00 60,000 BD,rOD 100,000 120,000 140{000
-20,000

®M,, in.-Ib per foot of length

43

Add P-D effects to applied Moments — Complementary Method
or Moment Magn. methods

2
w,h

8

Complementary Method M, = + Py %“+ P.d, (9-27)

= Or Solve Equations for M, - 2 eq. 2 unknowns
m Mu < Mcr

W“hz+Pfe—u
Mu_ 8 22
5P h
48E I,
= M, 2 M,
Wuh2+P e, 5M_P,h? 1 1
8 "2 48E, I, 1,
M, = 5
5P,h

44
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Add P-D effects to applied Moments — Complementary Method
or Moment Magn. methods

Moment Mag. Method

Mu:l//Mu,O (9_31)
y=—1 (9-32)

PU

1——u

Pe

7°E_|
Pezh—“;e“ (9 - 33)

1.2D+1.6Lr+0.5W load combination
M, = first order moment=14.6 Kips.in/ft of wall

45

Add P-D effects to applied Moments — Complementary Method
or Moment Magn. methods

Moment Mag. Method - Get I; and I,
_bt® 12in.(7.63in.)°

I, = =" 7 _A43in°
12 12
_ B, _29,000,000psi _
E,, 900(2,000psi)

- 2 -

A - 0.31in. _(12 in.) _0232in.2
16in.

c= AT +R _ 0.232in. (60,000p_si) +_5‘640|b =1.273in. TMS 402 Equation 9 - 35
0.64f" b 0.64(2,000psi)(12 in.)
3
I, :n(AS +|:“y;°‘(‘;J(d —c)2+b% Equation 9-34

46

23



Add P-D effects to applied Moments — Complementary Method
or Moment Magn. methods

5,640l 7.63in.
60,000psi  2(3.81in.%)

I, == 16.1(0.232 in2+ J(S.Slin.—l.Z?in.)z =33.9.n"/ ft

From TMS 402 Table 9.1.9.2 , f, = 163 psi

P
M, =| f,+—|S= 163psi+_5'LO|b_ (12in.)(7.63in.)* /6 = 26,150 Ib.in/ft
A, 12in.(7.63in.)

As M, = 14,600 Ib-in is less than M_=26,150 Ib-in then
Il = 0.75(1,)

47

Add P-D effects to applied Moments — Complementary Method
or Moment Magn. methods

7Bl 72900(2,000psi)(443in*)(0.75)

P=—0" T =93,000 Ib
h (21ftx12 in./ft)
P 5,640 Ib
P, 93,0001b

M, = 1.06 (14.6 kip.in/ft) =15.5 kip.in/ft which is still
below the capacity envelope

Check other Load cases
48
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Develop ID

SD Interaction Diagram
PIOt ID 8 in. solid CMU wall, f,,=2,000 psi
No.5 bars @ 16 in
140,000
»\—__
120,000
“*\

100,000
E ‘\\
& 80,000
s \7
e 60,000
e Vo
g_ 40]000 Pmax /./
2 P
z
o 20,000
e 3 | oosfman | ) ,—‘0//‘/

0 e
’,_,-’201300' 40,?00 so,roo au,roo 100,000 120,000  140)000
-20,000

®M,, in.-Ib per foot of length

49

DESIGN of REINF MASONRY
WALLS - Out of Plane loads —
Axial and flexure

= Must check Max Reinforcing 9.3.3.5 Comm.

. & P
0.64f' | —“m | T
Emy +ag, | bd
fy
Pload D+ 0.75 L + 0.525 @, load combination and a. = 1.5 for walls loaded OOP.
The force per foot of wall is:
P= (11,900 Ib/4 + 1,190 Ib)+ 0.75x11,500 Ib/4 + 0.525x3,330 Ib/4 = 6,760 |b

Pmax =

50
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DESIGN of REINF MASONRY
WALLS - Out of Plane loads —
Axial and flexure

= Must check Max Reinforcing 9.3.3.5 Comm.

0.64x 2,000 psi x 0.0025 __ 67601
0.0025+1.5x0.00207 ) 12in.x3.81in.
Prmax = : = 00705
60,000 psi

This would allow an area of steel of up to As = 0.00705 % 12 in. x 3.81 in. = 0.322 ir?
per foot of wall, which is more than 0.233 ir?/ft provided using No. 5 bars at 16 in. on
center.

51

DESIGN of REINF MASONRY
WALLS - Out of Plane loads —
Axial and flexure

= Should check shear but never a problem out
of plane for LB and non LB walls.

52
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DESIGN of REINF MASONRY WALLS
- Out of Plane loads — Axial and
flexure -

How high can you go?

53

For this Loading

P P = 1000 Ib/ft L , 500Ib/ft D

30 psf e=2in
i F

Roof/floor
Diaphragm
Supports Wall

h=?

\\

54
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60000

50000

40000

30000

20000

10000

P, Ib per Effective Width or Trib Width

-10000

8" CMU

ASD Interaction Diagram
8 in Wall, 30 ft high, #6 @ 16
in. Centered

N

ASD
H =30 ft

# 6 bars at
16” on center
d =3.81"

fully grouted
8" CMU

f',, = 2000 psi

—a— Capacity
—8—Mid 06D + 0.6W

Cut Off

e Mid D+.75L+.75 (0.6WV) ASD deS|gn

.

st ToOp D+L

10000 20000 30 40000 50000 60000 70000 80000 90000

=

No. 6 bars

/_ centered(typ.)
‘ :

-20000

M, Ib<in Effective width or trib Width length

20000 M, Ib-in Effective width or trib Width length Iﬁ ° ¢
. "——16“_"
55
How high - 8" CMU?
ASD Interaction Diagram
8 in Wall, 39 ft high, # @ 16
in. Staggerred
oo ASD H =39 ft
70000
— # 6 bars at 16” on
60000 ”
. \ Staggered d =5
E 50000
£ oo B s fully grouted 8" CMU
£ som0 / +gjgsmnﬁw f,m = 2000 pSI
ZE 20000 / —-—:Mdonfsursw.am
o it Top D41
j’ 10000 / .
¥ X x ASD design
’ 10000 20000 30000 40000 60000 70000 80000 90000
-10000
-

No. B bars Staggered (typ.)

56
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Try 12” CMU

ASD Interaction Diagram
8 in Wall, 4.5 ft high, #6 @ 16
Centered

ASD H=445ft

# 6 bars at 16” on
Centered d =5.81"

R
/ J— fully grouted 12"

= lid 0.6D + 0.6W CMU

Cut Off
bt i) D+ 751 +.75 (0.6W) .
e Top DAL ' = 2000 psi

P, Ib per Effective Width or Trib Width

0 80000 100000 120000 140000 160000 180000 200000 ASD d es i g n

M, Ibdn Effective width or trib Width length No. 6 bars Staggered (typ.)

d=5.81" I . ‘ . ‘ .

57

Try 12” CMU

ASD Interaction Diagram
8 in Wall, 55 ft high, #6 @ 16

Staggard d = 8.75 ASD H =55 ft

’\ # 6 bars at 16” on

fully grouted 12"

—e— Capacity CM U

sl \id 0.6D + 0.6W

ouror flw = 2000 psi

e Mid D+.75L+.75 (&

e TOp D+L

\\\ g.gf;gered d=
/
/
.t

" X

& P, Ib per Effective Width or Trib Width

50000 00 150000 200000 ASD desi gn

40000 No. 6 bars Staggered (typ.)
M, Ib-in Effective width or trib Width length
—d . D
d=8.75" I o . .
el

58




8" CMU — Be careful with P A spo
moments - SD H =301t

20000 # 6 bars at
250 7 16" on center
20000 smlnhﬂl!@“ﬂll\(.clel\tﬂed]r d = 3'81"
15000
10000 / fu”y grouted
2 d ”
£ 5000 e 8" CMU
=3 o = x " = .|:1 _ 2 )
20000 40000 60 uw 00 100000 120000  140Po0 m = 2000 psi
-5000 -~ —a=Series1
10000 /
// -8-1.2D+1.6 Lrtop
15000 .
/ ~#=Mid 1.2 D+1.0W+.5Lr Mom. SD deSIgn
20000 M

= Mid .9D+1.0W Mom. Mag

=#=Mid 1.2 D+1.0W+.5Lr,

®Mn, in.-lb Complimentary moment , fr =
163 + P/An
/- e Be careful with f, — Very slender walls -
r' ¢ ‘ ‘ use complementary Method and
gagr account for P/A for Cracking moment 59
Try Structural Design
Softwa re — NCMA.org
¥@ JodESs Uneisied « Smactinal Masoary Desigs - o
Z

T

60
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Try Structural Design
i Software — NCMA.org

P

33 psf

h=?

P =1000 Ib/ft L , 500Ib/ft D

b

e=2in
F

Roof/floor
Diaphragm
Supports Wall

\\

61

Try Structural Design
Software — NCMA.org

H =30 ft

Renforced Wall Interaction Disgram:
Uking the 2012 18C ASD Code

Mascney Unit S28=8 in (Fully grovied)
Renforoement Spacig = 16:00 .
Fy=M00ks fm=200psi

As=0440syn.; x=3.813in_H=380.0in (30007)

& Citical Secton Forces.

d =3.81"

fully grouted 8" CMU
f'm = 2000 psi

ASD design

11000/

SD slightly higher

Offset bars higher
12 “ CMU higher

400200 2400 10D

800, . 0. . 800
ol Moment M {117

180 00 3D 40D

# 6 bars at 16” on center
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Try New Elem software —
NCMA.org — Coming soon

"1 ElemMasonry | New High Schoolqms

New Save Masonry Units Units
=

FrOpen [Msave s | Reoort | Ib Load Combinations  S& Preferences

@ ven

Check Updates | (3) About

(©) Home

L8k

QOut-of-Plane Flexure: Internal state for P = 0.00k, M = 412,524.2‘1 il (¢Pn = 0.00 k, $Mn = 371,271.79 in'Ib)
25 %ﬂﬂnps

b
INPUTS - Ji.800.00 0. *JT T

o Aodal
 poogo Fore [T 76
£ (k)

34Tk

Criteria

‘Wall

Loads
ANALYSIS
Force Calcs

——=- 56rs © 1860k (VIELDED)

T
For(rg Calcs L

200.00 -0.0831 % =60,000.00psi

0 100.00 2001
Moment (ftk)

Strain in extreme tension bar is 0.0303 Neutral axis depth is 0.29 ir

Degth of compression zone = 0.23 in. Compression zon is within face shell

LRI WNENEE L = 299.30 in4 for this neutral axis depth, of which 1.95 in"4 is from masonry, 297.35 in~4 is from steel in tension, and 0.00 in~4 is from steel in
IN-PLANE compression.

CHECKS *NOTE: This I, value obviously gets unreasonable at high NA values. For now, I will be capped at Ig, which is 6,712.66 in"4 (exdluding
it e contribution from steel). A better way of handiing this is needed.

Strength Checks
IN-PLANE
Senvice Checks

Prescriptive

0.068 - Axial Stress

0.000 - Axial Stress (w sle

0.046 - Axial Force

0.052 - Shear

0.292 - Flexural+#vial Int...

0.128 - Maximum Reinfor_

0.000 - Deflection (TMS)

0.000 - Deflection (IBC)

In-Plane Checks

@ 0.000 - Flexural+Adal Int.

@ 0.000 - Shear

@ 0.047 - Maximum Reinfor

@ 0.000 - Deflection (Drift)
Prescriptive Checks -

@ 0.645 - Vert Area

@ 0.400 - Vert Spacing

I

@ 0.400 - Horz Spacing

Checks
Point: | Point & P=0.00 k M=412,524.21 inlb (phiPn = 0.00 k, phiMn = 371,271.79 in-Ib)

Component: Wall 1 Trial

Evolution of Design
With these changes...new tools are needed.
Irect Design
- i 3DIQ
MasonryiQ
= Masonry Design Software
—— Plug-In For Revit
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Software Inputs

What you need to design a project:

e Building location; and
* Building dimensions

65

Summary

Over view of Single wythe walls

Design Provisions

Design Provisions

Presented Wall Design Examples

Presented ASD Reinforced Masonry Wall

Presented SD Code provisions Masonry Wall

66
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THANK YOU !

QUESTIONS?

m.mcgdinley@Ilouisville.edu

MIH

Masonry Institute of Hawaii

MIH

Masonry Institute of Hawaii
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