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Expected Utility Theory Vs Prospect 
Theory

Instabilities around 0
Gains and losses are not 
symmetrical

“Losses loom larger than gains”
Estimates people tend to dislike 
losses about twice as much as 
they like equivalent gains

0

+ gains

- losses “Aggregate Losses;
Segregate Gains”
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Contents:
1.The	Theory		[ASD	and	SD]

2.	The	Code	[2012	IBC,	ASCE	7	–10	and	TMS	
402-11]

3.	The	Examples
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The Problem – Seismic Design of Walls
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The	Problem	– Seismic	Design	of	Walls
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The	Problem	–
Seismic	Design	of	Walls
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The	Problem	– Seismic	Design	of	Walls

Wall	J
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Bending	+	Compression

Cracked	Section	– Masonry/Concrete	
reinforced

The	Problem	– Seismic	Design	of	Walls
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The	Problem	– Seismic	Design	of	Walls

Add	axial	load	at	L	[trim	steel].

75k	at	L	results	in	F.S.	of	1.5

Requires	1.2	in2 of	reinforcement.

S tory

S eismic 	
Moment	-	
K -ft

Dead	
Load

F .S .	
[P L/2]/M

7 136 55.2 5.23
6 558 136.3 3.16
5 1223 217.4 2.30
4 2065 298.4 1.87
3 3069 379.5 1.60
2 4263 460.6 1.40
1 5897 543.7 1.19
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The Equations:

The	Assumptions

The	Variables	and	Solution	for	the	Unknowns

The	Limits
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The Equations -Assumptions:

Plane	Sections	Remain	Plane	[Special	Case	of	an	
Isotropic	Material]

Stress	and	Strain	are	Related

Strains	are	Compatible
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The Equations -Assumptions:

Hooks	Law	
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The Equations -Assumptions:

Hooks	Law	–Isotropic	Material	
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The Equations -Assumptions:

Hooks	Law	–Plane	Sections	Remain	Plane	

Plane	Sections	Remain	Plane	[Special	Case	of	an	
Isotropic	Material]	
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The Equations -Assumptions:

Hooks	Law	–Plane	Sections	do	not	Remain	Plane	
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2.1 The Equations -Assumptions:

Hooks	Law	–Plane	Sections	Remain	Plane	
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The Equations -Assumptions:

Strains	are	Compatible	

The	strain	in	the	masonry/concrete	equals	the	
strain	in	the	reinforcement.
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The Equations -Assumptions:

Stress	and	Strain	are	Related	

s stress

e strain
e0

fmtm

s stress

e strain

ey

Fy

ASD ASDSD SD
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The Equations -Assumptions: 

Stress	and	Strain	are	Related	

As

em

es

kd

d

e0

es

kd

d As

P

M

P

M

ASD	Strain SD	Strain

Dd Dd
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The Equations -Assumptions: 

Stress	and	Strain	are	Related	

As

fb

fs

kd

d

es

As

P

M

P

M

ASD	Stress SD	Stress

K1k3f’m

2k2kd

Dd Dd
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The Equations -Assumptions: 

Stress	and	Strain	are	Related	

As

fb

fs

kd

d

es

As

P

M

P

M

ASD	Stress SD	Stress

K1k3f’m

2k2kd

Dd Dd
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The Variables and Solution for the Unknowns

Knowns:	

Loads:	M,P	and	V

Guess	and	Check:	As,L,b,d	

Unknowns:	

Stresses:	k,	fb,	fs or	k,	em,	es
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The Variables and Solution for the Unknowns

Equations:	

SF	=	0,	Internal	to	external

Plane	Sections	Remain	Plane	

SM	=	0,	Internal	to	external
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The Variables and Solution for the Unknowns

Equations:	

Plane	Sections	Remain	Plane	

k1
k

s

m

-
=

e
e
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The Variables and Solution for the Unknowns

Equations:	

Limits:	The	Steel	Strain	is	0

k	=	1.0 k	=	1.0

÷
ø
ö

ç
è
æ D-=
3
2

Pd
M [ ]D--= 2k1

Pd
M
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The Variables and Solution for the Unknowns

Equations:	

Limits:	Stress	in	the	steel	– Special	Case	for	SD

( ) D-
-

÷
ø
ö

ç
è
æ -

=
ys

'
m231

2'
m231

FAkbdfk2kk
2
kk21kbdfk2kk

Pd
M

Fs<	fy

÷÷
ø

ö
çç
è

æ
+e

e
=

s

y
0

0

E
F

k
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The Variables and Solution for the Unknowns

Equations:	

Limits:	Wall	is	not	Cracked

k	=	L/d k	=	L/d

÷
ø
ö

ç
è
æ D--=

d3
L1

Pd
M ÷

ø
ö

ç
è
æ D--=

d
Lk1

Pd
M 2
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The Variables and Solution for the Unknowns

Equations:	

SF	=	0,	Internal	to	external

( ) PAfkdbk2)(fkk ss2m31 +e=ePAE
2
bkdE sssmm =e-e
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The Variables and Solution for the Unknowns

Equations:	

SF	=	0,	Internal	to	external

bdE
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mo =e

bd
As=r

m

s
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02n2k2n2k
s
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Add	a	limit:	Steel	yielding
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The Variables and Solution for the Unknowns

Equations:	

SM	=	0,	Internal	to	external
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Add	a	limit:	Steel	yielding



March 13, 2017 International Masonry Institute -
Hawaii

30



March 13, 2017 International Masonry Institute -
Hawaii

31

The Variables and Solution for the Unknowns

÷
ø
ö

ç
è
æ D-=
3
2

Pd
M

÷
ø
ö

ç
è
æ D--=

d3
L1

Pd
M

Steel	is	tension

Steel	is	compression/section	cracked

Steel	is	compression/section	uncracked

ASD
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The Variables and Solution for the Unknowns

D-
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Steel	is	tension
Steel	above	Fy

Steel	is	compression/section	cracked

Steel	is	compression/section	uncracked

Steel	below	Fy

SD
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The Variables and Solution for the Unknowns
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2.2 The Variables and Solution for the Unknowns

dPd
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Ductility Requirements and the Codes

Axial	Load	is	the	same	as	reinforcement
Masonry	ASD
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Ductility Requirements and the Codes

Axial	Load	is	the	same	as	reinforcement
Masonry	SD
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Ductility Requirements and the Codes

Axial	Load	is	the	same	as	reinforcement
Concrete
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What is wrong with this detail?

2 No. 5 @ 6” O.C.
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One More Thing – Distribution of Loads
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Distribution of Loads

Shear Moment

P

H
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Distribution of Loads - Flexure
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Distribution of Loads - Shear
ddy
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Distribution of Loads – Flexure Plus Shear
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Distribution of Loads – Example

5@ 10 ft 
=50 ft

1.6 k

3.2 k

3.2 k

3.2 k

3.2 k

4 ft

8 ft

4 ft

4 ft

4 ft8 ft4 ft

8 ft

1

3

2

X

Y

Hose Tower –
Wind Load
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Distribution of Loads – Example

5@ 10 ft 
=50 ft

1.6 k

3.2 k

3.2 k

3.2 k

3.2 k

4 ft

8 ft

4 ft

4 ft

4 ft8 ft4 ft

8 ft

1

3

2

X

Y

14.4 k

14.4*8/16 = 7.2 k

14.4 k

14.4*8/16 = 7.2 k

Design 
Location?
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Distribution of Loads – Example

4 ft

8 ft

4 ft

4 ft

4 ft8 ft4 ft

8 ft

1

3

2

X

Y

14.4 k

14.4*8/16 = 7.2 k

14.4 k

14.4*8/16 = 7.2 k

X Y
Roof 15.99 1.80
4th 15.99 1.82
3rd 15.99 1.84
2nd 15.99 1.92
1st 15.99 2.27

Center of Rigidity
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[IBC 2012]1604.8.2 Structural walls. Walls that provide vertical 
load-bearing resistance or lateral shear resistance for a portion of 
the structure shall be anchored to the roof and to all floors and 
members that provide lateral support for the wall or that are 
supported by the wall. The connections shall be capable of resisting 
the horizontal forces specified in Section 1.4.5 of ASCE 7 for walls 
of structures assigned to Seismic Design Category A and to Section 
12.11 of ASCE 7 for walls of structures assigned to all other 
seismic design categories. Required anchors in masonry walls of 
hollow units or cavity walls shall be embedded in a reinforced 
grouted structural element of the wall. See Sections 1609 for wind 
design requirements and 1613 for earthquake design requirements.

Codes – IBC 2012
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Codes – ASCE 7 2010
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Codes – ASCE 7 2010
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Anchor Bolt Design



March 13, 2017 International Masonry Insititute -
Hawaii

51

Anchorage Design Loads

Anchor Bolt Design
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Hex Head

Square Head

(a) Headed Anchor Bolts

“L” Bolts

“J” Bolts

(b) Bent-Bar Anchor Bolts

Hex Head

Square Head

(a) Headed Anchor Bolts

“L” Bolts

“J” Bolts

(b) Bent-Bar Anchor Bolts

Anchor Bolt Design
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• Tension
– Radial cracking followed by masonry tension 

breakout
– Straightening of bolt hook followed by bolt 

pullout
– Yielding of bolt followed by bolt fracture

• Shear
– Radial cracking followed by masonry shear 

breakout
– Yielding of bolt followed by bolt fracture

Anchor Bolt Design
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� Tension
§ Radial cracking and tension breakout

Anchor Bolt Design
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� Tension
§ Hook straightening and bolt pullout

Anchor Bolt Design
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§ Masonry crushing along with bolt yielding

56

Anchor Bolt Design
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� Shear
§ Shear breakout towards free edge

Anchor Bolt Design
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Now OK(no longer required)
Section 6.2.1 - Anchor bolts placed in drilled holes in the 
face shells of hollow masonry units permitted to contact 
the masonry unit. [2016 TMS 402]

Anchor Bolt Design
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Adhesive anchors in screen tubes

Anchor Bolt Design
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ASD and SD provisions for anchor 
bolt design are largely the same

Anchor Bolt Design



March 13, 2017 International Masonry Insititute -
Hawaii

61

Apt = projected area in tension on masonry surface 

of cone  =  πlb2

P (failure) P (failure)

lb lb

Assumed Cone for
Calculation of Apt,

Equation 1-2

Conical
Failure
Surface

45° 45°Conical
Failure
Surface

P (failure) P (failure)

lb lb

Assumed Cone for
Calculation of Apt,

Equation 1-2

Conical
Failure
Surface

45° 45°Conical
Failure
Surface

Anchor Bolt Design
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Anchor Bolt Design

Apv = projected area in shear on the masonry 
surface of the half cone.
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Anchor Bolt Design
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VV

Anchor bolt shear pryout

Anchor Bolt Design
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Anchor Bolt Design

    fAB
 fAB

  AfB

fAB

ybvs

mptvpry

bmvc

mpvvb

36.0
5.2

350

25.1

'

4 '

'

=

=

=

=
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Anchor Bolt Design
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Anchor Bolt Design

Angle Pointed Up Angle Pointed Down

Or



March 13, 2017 International Masonry Insititute -
Hawaii

68

Anchor Bolt Design
1

2

3

Question: 1, 2 or 3 ?
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Adhesive Anchor                  Mechanical Anchors

*ICC Reports Available

Anchor Bolt Design
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Anchor Bolt Example

4 ft

Tributary area is 14 ft

14*80 = 1,120 Lbs/ft

Dead load = 240 lb/ft
Live load = 144 lb/ft
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Anchor Bolt Example

D + F (Equation 16-8)
D + H + F + L (Equation 16-9)
D + H + F + (Lr or S or R ) (Equation 16-10)
D + H + F + 0.75(L ) + 0.75(Lr or S or R ) (Equation 16-11)
D + H + F + (0.6W or 0.7E ) (Equation 16-12)
D + H + F + 0.75(0.6W ) + 0.75L + 0.75(Lr or S or R ) (Equation 16-13)
D + H + F + 0.75 (0.7 E ) + 0.75 L + 0.75 S (Equation 16-14)
0.6D + 0.6W +H (Equation 16-15)
0.6(D + F) + 0.7E +H (Equation 16-16)

peaDSp WIkS4.F =

0.2
100
L1k f

a £+=

ASD

ASCE 7-10  Section 12.11 [Ref. By IBC]

Use ka = 2.0
SDS = 1.5
Ie = 1.0

ft/Lb344,1120,1*1*0.2*5.1*4.Fp ==

Strength Level
D + .75(.7E)+.75L

Space bolts at 16 in O.C.

D = 240*16/12 = 320 Lb
L = .75*144*16/12 = 144 Lb
E = .75*.7*1344*16/12 = 940 Lb
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Anchor Bolt Example

Tension on the bolt

M = (320+144)*2 + 940*2.5 = 3,278 Lb-in

T = [3,278/2.8 = 1,170] + 940 = 2,110 Lb

V = 320+144 = 464 lb

2”

2.5”

k = .8, d = .8*3.5 = 2.8”
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Anchor Bolt Example

'
mptab fA25.1B =

5.785*14.3lA 22
bpt ==p=

lb800,315005.78*25.1Bab ==

ybab FA6.B =

Tension allowable:

Use 5/8 inch bolt. Area is conservatively .8*.31 = .25 in2

lb050,4000,27*25.*6.Bab ==
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Anchor Bolt Example

Shear allowable

'
mpvvb fA25.1B =

2/lA 2
bepv p=

Lbe is very large. Distance from the center of the bolt to 
the edge of the masonry.

4
b

'
mvc Af350B =

lb540,125.*1500350B 4
vc ==

lb100,8B0.2B abvpry ==

lb362,2000,27*25.*35.fA35.B ybvs ===
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Anchor Bolt Example

0.1
B
b

B
b

v

v

a

a £+

85.30.55.
540,1
464

800,3
110,2

=+=+

5/8” Dia. Bolts at 16 inch O.C. 
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Codes – ASCE 7 2010
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Anchor Bolt Design

Design embed using break out and pull out 
concepts for bolts.

Install embeds with the masonry and grout

Hooks around reinforcement

Weld ledger angle to the embed

If ledgers not spliced at control joints, ledge can 
be the diaphragm cord tie.

Cost maybe less with cooperative contactor.

Some masons do not do misc. iron
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2’-8”

24’

20’

D = 12 K , Lr = 7 k

10’

14’

3’

Door
Door

9’

5’
Roof
Level

W = 25 psf

3"
8x8x16

f’m=1500 psi (CMU Fb= .45 f’m =675 psi), Fy = 60,000psi (Fs = 32,000 psi)

Em = 900 f’m [ASD no longer 1/3 stress increase]

Example Future 
2,000 psi
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2’-8”

24’

20’

D = 12 K , L = 7 k

10’

14’

3’

Door
Door

9’

5’
Roof
Level

W = 25 psf

3"
8x8x16

Example

The objective is to show the appropriate reinforcement in 
the wall. There are many correct answers. There are many 
different methods to analyze the wall.
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Example

Code 2012 IBC which includes TMS 402-11 [ACI530-11] and 
ASCE 7 -10

TMS 402 –11  
ASD 2.3

Section 1605.2 SD Section 1605.3.1 ASD Section 1605.3.1 Alt ASD

IBC Load Combinations

TMS 402 –11 
SD 3.3

ASCE 7-10 Chapter 14 Material 
Specific Seismic Design and 
Detailing Requirements Section 
14.4 Masonry [References TMS 
402 – 02 or 08] 

No. 9 Max.
4% of cell area
1/8 Min. cell dim.

If use 1/3 then 
restrictions on ASCE 7 
load combinations apply

? Spices in plastic hinge 
zones.

TMS 402 –11 TMS 402 –16
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Example

Next we need to decide what element to design.

2’-8”

24’

20’

10’

14’

3’

Door

Door

9’

5’
Roof
Level
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1.9.6 Effective compressive width per bar

1.9.6.1 For masonry not laid in running bond and having bond 
beams spaced not more than 48 in. (1219 mm) center-to-
center, and for masonry laid in running bond, the width of the 
compression area used to calculate element capacity shall not 
exceed the least of:

(a) Center-to-center bar spacing.

(b) Six multiplied by the nominal wall thickness.

(c) 72 in. (1829 mm).

1.9.6.2 For masonry not laid in running bond and having bond 
beams spaced more than 48 in. (1219 mm) center-to-center, 
the width of the compression  area used to calculate element 
capacity shall not exceed the length of the masonry unit.

6x8 in = 48 in
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Example

If this element works the others work.

2’-8”

24’

20’

10’

14’

3’

Door

Door

9’

5’
Roof
Level
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Contributing wind 
area
Level

1

3

5

2

4

Example

A

B

SMB = 0

25*2.67*242/2 = 19,223 lbs-ft
25*5*10*(14+ 5) = 23,750 lbs-ft
25*1.5*15*(9+7.5)= 9,281 lbs-ft
25*7*5*14 = 12,250 lbs-ft
25*1.5*4.5*9 = 1,519 lbs-ft
S = 66,024 Lb-ft and RA = 66024/20 = 3,300 lbs

SMA = 0
25*2.67*202/2 – 53.4*42/2] = 12,815 lb-ft
25*5*62/2 – 100*42/2 = 1,250 lb-ft
25*1.5*112/2 – 30*42/2  = 1,968 lb-ft
25*7*5*6 = 5,250 lb-ft
25*1.5*4.5*11 =1,856 lb-ft
S = 23,140 lb-ft and RA = 23,240/20 = 1,160 lbs

SF = 25*2.67*24+25*5*10 + 25*1.5*15 +25*7*5 + 
25*1.5*4.5 – 3,300 – 1,160 = 0  OK

Max Moment:

X = 12.72 ft (see shear diagram)

Mmax = 387*3.72/2+556*9+(1,157-556)*9/2 

= 8,430 lb-ft
1,157

9172,384

134

556

Shear Diagram

1,009

387
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Contributing wind 
area
Level

1

3

5

2

4

Example

The maximum moment 
occurs above the 3 foot door, 
so the width for design is 
greater than the 2’-8”. We 
need to check the minimum 
section at 2’-8” and calculate 
the moment at the top of the 
door ie check the two cases, 
or check the 2’-8” width for 
the maximum moment and if 
it works it is OK. It is 
conservative

A

B 1,157

9172,384

134

556

Shear Diagram

1,009

387
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1

3

5

2

4

Example

Axial load:  
Dead Load

Roof Beam        12/2 = 6 k
Wall Weight
(1.5+2.67)*(24-12.72)*80 = 3.76 k

5*10*80 = 4.0 k 
Total 13.8 k

Live Load
7/2 3.5 k

Lateral Load:
Wind Flexure 8,430 Lb ft

12.72
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Example
First we need the load combinations. Lets start with the ASD load 
combinations form the 2012 IBC [ASCE 7-10 does not apply]. The 
following provision applies:

D + F (Equation 16-8)
D + H + F + L (Equation 16-9)
D + H + F + (Lr or S or R ) (Equation 16-10)
D + H + F + 0.75(L ) + 0.75(Lr or S or R ) (Equation 16-11)
D + H + F + (0.6W or 0.7E ) (Equation 16-12)
D + H + F + 0.75(0.6W ) + 0.75L + 0.75(Lr or S or R ) (Equation 16-13)
D + H + F + 0.75 (0.7 E ) + 0.75 L + 0.75 S (Equation 16-14)
0.6D + 0.6W +H (Equation 16-15)
0.6(D + F) + 0.7E +H (Equation 16-16)

Maximum and Minimum Axial Load Control

16-13 and 13-15
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Example

Try minimum first: 16-15

P = .6*D = .6*13.8 = 8.3 k

M = .6*8.430 = 5.1 k-ft 

d = 3.8125 in

M/Pd = 5.1*12/[8.3*3.8125] = 1.9 > 2/3-D

b = 32 in
Assume the axial load P is 
independent from the moment. Hold 
P constant and find the moment at 
the interaction diagram. Compare 
the moment to the applied moment.
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Example
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÷
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e
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0m
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s
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2
kjbdFM

2
b

c D-=

d
3
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ø
ö

ç
è
æ D--+=
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bF
P

3
2d1PM

b

2
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6
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Example
Guess 2 No.5 bars at the jamb.
Find K

÷
ø

ö
ç
è

æ
÷
ø
ö

ç
è
æ D---

÷
ø
ö

ç
è
æ -r

=
e
e

3
k1

Pd
M

3
k1n

s

0m

÷÷
ø

ö
çç
è

æ
e
e

+r-÷÷
ø

ö
çç
è

æ
e
e

+r+÷÷
ø

ö
çç
è

æ
e
e

+r=
s

0m

s

0m

2

s

0m nn2nk

2 No. 5 bars   As = .62 in2

r = .62/(32*3.8125) = .0051
n = 29,000,000/(900*1500) = 21.5
nr = .11
Assume k = .3

( )
( )( ) ( ) ( ) ( ) 46.097.11.097.11.2097.11.k097.

3/3.192.1
3/3.111. 2

s

mo =+-+++==
--

-
=

e
e

( )
( )( ) ( ) ( ) ( ) 46.086.11.086.11.2086.11.k086..

3/46.192.1
3/46.111. 2

s

mo =+-+++==
--

-
=

e
e

ftlb600,712/8125.3*
3
46.1*300,812/8125.3

3
46.1*000,32*62.Mt -=÷

ø
ö

ç
è
æ -+÷

ø
ö

ç
è
æ -=

( ) ftlb100,512/0
2

8125.3*32*3/46.1*46.*675M
2

c -=÷÷
ø

ö
çç
è

æ
-

-
= OK

At the critical section b 
is larger.

b = 32 – 2*4 +2*3*8 = 72 in
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Example
Try maximum: 16-13

P = D +.75*Lr = 13.8 + .75*3.5 = 16.4 k

M = .75*.6*8.430 = 3.8 k-ft 

d = 3.8125 in

M/Pd = 3.8*12/[16.4*3.8125] = .73 > 2/3-D

At top of door

P = D +.75*Lr = 15.0 + .75*3.5 = 17.6 k

M = .75*.6*7.703 = 3.5 k-ft 

M/Pd = 3.5*12/[17.6*3.8125] = .62 < 2/3-D

Section slightly cracked at 
the reinforcement

Section not cracked at the 
reinforcement
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Example
M/Pd is close to 2/3 and therefore K is close to 1.0. The system does not 
converge rapidly. Try the unity equation.

Unity equation is no longer in the code, but it is acceptable to use it.

0.1
M
M

P
P

0P
a

0M
a

£+ ==

Unity Equation
Compression Controlled

Tension Controlled



March 13, 2017 International Masonry Insititute -
Hawaii

93

( ) 99
r
h

r140
h1FA65.Af25.P

2

sstn
'
ma £

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ-+=

( ) lb900,35
2.2*140

2401032*625.7*1500*25.P
2

a =
ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ-+=

109
2.2

240
r
h2.2

625.7*32
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12
1

A
Ir

3

=====

( ) 99
r
h

h
r70FA65.Af25.P

2

sstn
'
ma !úû

ù
êë
é+=

( ) lb600,37
240

2.2*70032*625.7*1500*25.P
2

a =úû
ù

êë
é+=

Example
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Example

0051.
8125.3*32
62.

bd
A5.21

1500*900
000,000,29

E
En s

m

s ===r===

11.0051.*5.21n ==r

ftk54.5000,12/8125.3*000,32*88.*62.djFAM sst -===

ftk26.4000,12/1500*45.*88.*37.
2
8125.3*32kjF

2
bdM

2

b

2

c -===

( ) ( ) ( ) ( ) 37.11.11.211.nn2nk 22 =-+=r-r+r=

88.
3
37.1

3
k1j =÷

ø
ö

ç
è
æ --=÷

ø
ö

ç
è
æ --=
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Example

32.188.44.
26.4
79.3

6.37
4.160.1

M
M

P
P

0P
a

0M
a

=+=+=£+ ==

Refine analysis:
1. Refine axial load 

2. Add (2) No. 5

3. Refine conservative moment. At top of door = 7,710 Lb-ft

13.166.47.
25.5
46.3

6.37
6.170.1

M
M

P
P

0P
a

0M
a

=+=+=£+ ==
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Example

By how much is the 
engineer will to exceed 
the Code limit?

5% = 33%

9% = 10%

None = 25%

At maximum moment, iterative 
equations with (2) No. 5 result in k 
= .886 

Mc = 8.17 k-ft

Mt= 8.12 k-ft



March 13, 2017 International Masonry Insititute -
Hawaii

97

Example

2
kbdFP b=

bdF
P2k

b

=

( )
bF
P

3
2d1PM

b

2

-D-=

( ) ftk79.4
32*675*

600,17
3
28125.3*01600,17M

2

-=--=

At the top of the door

OK
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Example
Try maximum: 16-12

P = D  = 13.8 k

M = .6*8.430 = 5.05 k-ft 

d = 3.8125 in

M/Pd = 5.05*12/[13.8*3.8125] = 1.15 > 2/3-D

Mt = 8.7 k-ft

Mc = 6.0 k-ft
OK
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Example
The SD load combinations form the 2012 IBC [ASCE 7-10 does not 
apply]. The following provision applies:

Maximum and Minimum Axial Load Control

16-4 and 13-6

1.4(D +F ) (Equation 16-1)
1.2(D + F ) + 1.6(L + H ) + 0.5(Lr or S or R ) (Equation 16-2)
1.2(D + F ) + 1.6(L r or S or R ) + 1.6H + (ƒ 1L or 0.5W ) (Equation 16-3)
1.2(D + F ) + 1.0W + ƒ 1L + 1.6H + 0.5(Lr or S or R ) (Equation 16-4)
1.2(D + F ) + 1.0E + ƒ 1L + 1.6H + ƒ 2S (Equation 16-5)
0.9D + 1.0W + 1.6H (Equation 16-6)
0.9(D + F ) + 1.0E + 1.6H (Equation 16-7)
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Example

Try minimum first: 16-4

P = .9*D = .9*13.8 = 12.4 k

M = 1.0*8.430 = 8.43 k-ft 

d = 3.8125 in

M/Pd = 8.43*12/[12.4*3.8125] = 2.1 > 1-k/2-D

b = 32 in
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Example

Limit on reinforcement to be above yield

2 No. 5 bars   As = .62 in2

÷÷
ø

ö
çç
è

æ
+e

e
=

s

y
0

0

E
F

k

547.

000,000,29
000,600025.

0025.k =
÷
ø

ö
ç
è

æ +
=

e0 = .0025 CMU
e0 = .0035 Brick
2k2=.8
K1k3 = .8



March 13, 2017 International Masonry Insititute -
Hawaii

103

Example

Limit on reinforcement to be above yield

2 No. 5 bars   As = .62 in2

D-
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ø
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2
547.*4.*21

Pd
M
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÷
ø
ö

ç
è
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÷
ø
ö

ç
è
æ -

=

M/Pd > 1.86 so steel is at yield
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Example
Calculate Moment Capacity

d
2
kk21Pd

2
kk21FAM 22

ys ÷
ø
ö

ç
è
æ D--+÷

ø
ö

ç
è
æ -=

( ) ( ) 423.
1500*8125.3*32*8.*8.
400,12000,60*62.

bdfkkk2
PFA

k '
m312

ys =
+

=
+

=

8125.30
2
423.*8.1400,128125.3

2
423.*8.1000,60*62.M ÷

ø
ö

ç
è
æ --+÷

ø
ö

ç
è
æ -=

ftk1.13inLb000,15739300800,117M -=-=+=
OK – Bigger 
margin than ASDMu= 11.8 k-ft
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Example

Try maximum: 16-4

P = 1.2*D +.75*Lr = 1.2*13.8 + .5*3.5 = 18.3 k

M = 1.0*8.430 = 8,430 k-ft 

d = 3.8125 in

M/Pd = 8,430*12/[18.3*3.8125] = 1.44

Less than 1.86 so steel is in tension but is stresses 
lower than yield.

This is an indication it is over reinforced
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Example

dPd
2
kk21kbdfk2kkM 2'

m231 D-÷
ø
ö

ç
è
æ -=

( )
bf2kk3k

PdΔ1PM '
m231

2

--=

M	=?

M	=f(k)

This Region –
over reinforced ?
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Example

OK – Bigger 
margin than ASD

d
2
kk21Pd

2
kk21FAM 22
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æ D--+÷
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ø
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ç
è
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ftk2.14inLb400,171500,56900,114M -=-=+=

Mu= 12.8 k-ft



March 13, 2017 International Masonry Insititute -
Hawaii

108

Example

y
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bd
Pf64.

bd
A

-÷
÷
ø

ö
ç
ç
è

æ

ae+e
e

==r

00464.
000,60

8125.3*32
300,18

00207.*5.10025.
0025.1500*64.

bd
AS

max =
-÷
ø
ö

ç
è
æ

+==r

00464.00508.
8125.3*32
62.

>==r

k8.13Q525.L75,DP E =++=

00525.
000,60

8125.3*32
800,13

00207.*5.10025.
0025.1500*64.

bd
AS

max =
-÷
ø
ö

ç
è
æ

+==r

TMS 402 Code 3.3.3.5

TMS 402 Code 3.3.3.5

Does not meet requirements, but the 
code does not use the actual axial load.

OK
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Example

TMS 402 ASD Section 2.3.4.4 Maximum 
reinforcement does not apply to out-of-plane loads.

No 5 @ 32 vertical

No 5 @ 48 
horizontal

(2) No 5 bottom (extend 2’-
0” beyond opening)

Add (2) No 5 @  jamb
Add (1) No 5 @  jamb

Add (1) No 5 @  jamb

(2) No 5 top (extend 2’-0” 
beyond opening)
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Example
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Example
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Example
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Example
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Example
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Example
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Example
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Example
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Example



March 13, 2017 International Masonry Insititute -
Hawaii

119

Example

One more thing: Special Reinforced Masonry Shear Walls

No 5 @ 48 
horizontal

(2) No 5 bottom (extend 2’-
0” beyond opening)

Add (2) No 5 @  jamb
Add (1) No 5 @  jamb

Add (1) No 5 @  jamb

(2) No 5 top (extend 2’-0” 
beyond opening)
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Example
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Example

Vertical Reinforcement:

Maximum Spacing = L/3 = 32/3 = 10.6 in

Maximum Spacing = H/3 = 240/3 = 80 in

Maximum Spacing = 48 in

Horizontal Reinforcement:

Maximum Spacing = L/3 = 32/3 = 10.6 in

Maximum Spacing = H/3 = 240/3 = 80 in

Maximum Spacing = 48 in
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Example

No 5 @ 48 
horizontal

(2) No 5 bottom (extend 2’-
0” beyond opening)

Add (2) No 5 @  jamb
Add (2) No 5 @  jamb

Add (1) No 5 @  jamb

(2) No 5 top (extend 2’-0” 
beyond opening)

No. 3 @8 in O.C.
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Example

No 5 @ 48 
horizontal

(2) No 5 bottom (extend 2’-
0” beyond opening)

Add (2) No 5 @  jamb
Add (1) No 5 @  jamb

Add (1) No 5 @  jamb

(2) No 5 top (extend 2’-0” 
beyond opening)

Not counted as part 
of the lateral force 
resisting system
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Example
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Contents:
1.The	Theory		[ASD	and	SD]

2.	The	Code	[2012	IBC,	ASCE	7	–10	and	TMS	
402-11]

3.	The	Examples
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Example: In-Plane Shear Wall Design - Seismic
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Example: In-Plane Shear Wall Design - Seismic
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Example: In-Plane Shear Wall Design - Seismic



March 13, 2017 International Masonry Institute -
Hawaii

129

Class 
2012

Class 
2012

Class 
2014

Class 
2014

Class 
2015

Class 
2015

Class 
2016

Class 
2016

DL LL DL LL DL LL DL LL
745 114 560 84 1235 210 481 110
589 119 600 84 667 127 598 85
589 97 600 84 36 14 549 110
581 96 914 181 576 112 648 198
751 114 600 207 685 162 636 124
581 96 664 106 541 184 633 103
521 113 630 176 440 140 716 200
583 96 664 106 550 103 712 200
533 131 600 132 948 166 502 123
608 123 600 132 699 141 594 96
589 119 600 94 556 160 605 86
592 120 600 182 700 110 633 173
601 106 585 80 599 96 582 84
624 78 587 80 438 183
542 421 723 102 631 212
602 99 569 173 947 473
641 140 589 91
744 193 631 89
594 97 638 173
683 138
593 120
745 114
592 120
626 211
658 98
577 113
589 98
600 99
521 114

AVE 614 128 631 125 633 133 619 153
STD 64 63 86 44 273 49 116 90

Example: In-Plane Shear Wall Design - Seismic
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The Problem

Size: 76,500 S.F

Seven Story 
Apartment 
Building

Example: In-Plane Shear Wall Design - Seismic
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6 @ 
10’-
0”

11’-0”

26’-8”

Wall J First and 
5th Floor

Example: In-Plane Shear Wall Design - Seismic
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Example: In-Plane Shear Wall Design - Seismic
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Example: In-Plane Shear Wall Design - Seismic

Spectral Response

DS = 1.5

D1 = 1.0

Soil Class D [IBC Tables]

Fa = 1.0

Fb = 1.5
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Example: In-Plane Shear Wall Design - Seismic

Design values

SDS = 2/3*1.0*1.5 = 1.0

SD1 = 2/3*1.5*1.0 = 1.0

0.000
0.200
0.400
0.600
0.800
1.000
1.200
1.400

0.000 1.000 2.000 3.000

Sp
ec

tra
l A

cc
ele

rat
ion

Period

Design Response Spectrum
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Example: In-Plane Shear Wall Design - Seismic

From the IBC - 2012

Seismic Design Category = D

From ASCE 7 - 10

Response modification factor = 5.0

System overstrength factor = 2.5

Defection amplification factor = 3.5
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Example: In-Plane Shear Wall Design - Seismic

Using ASCE 7 – 10 Equivalent Lateral Force Procedure for 
Scaling Model Results

Eq 12.8-7
x
nta HCT =

Table 12.8-2 Classification is other

02.=tC
Hn = 71 ft
X = .75  Table 12.8-2 Classification is other

sec49.71*02. 75. ==aT
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Example: In-Plane Shear Wall Design - Seismic

2.
5
0.1
===

e

DS
s

I
R
SC

41.
5*49.
0.11 ===

e
a

D
s

I
RT

SC

The lower value applies. Cs = .2
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Example: In-Plane Shear Wall Design - Seismic

E-TABS model produce elastic seismic response [sum of 
the squares all modes]:

VE-W = 7,407 k

VN-S = 7,299 k
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Example: In-Plane Shear Wall Design - Seismic

Building weight

Some do not include ½ the wall weight on the first floor. Makes a 
big difference for a 1 or 2 story building.
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Example: In-Plane Shear Wall Design - Seismic

kV 680,18399*2. ==

227.
7407
1680

==-WE

230.
7299
1680

==- SN
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Example: In-Plane Shear Wall Design - Seismic

Combine primary scaled shear with 30% of the shear in the other 
direction with the torsion for the primary shear:

Vy = 614.6*.230 + .30*404.8*.223 + ABS[26.5]*2.30 = 229.4 k

My = 281,360*.230 + .30*197,227*.223 + ABS[12,420]*.230 = 
80,760 k-in
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Example: In-Plane Shear Wall Design - Seismic

These are the in-plane loads

Load Summary:
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Example: In-Plane Shear Wall Design - Seismic

Masonry dimensions of the wall are:

b = 7.625  inches (CMU is laid with a 3/8 mortar joing)
L = 25 feet – 10 inches = 310 inches

Check the shear capacity first. This will usually determine the 
thickness of the masonry required. [IBC 2006 Section 2106.5.1 
requires the seismic shear force to be increase by 1.5.] 

Don’t think it exist in 2012
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Example: In-Plane Shear Wall Design - Seismic

ASD Design

[.9D - .14SDS ]+ 0.7E  Special exception for masonry.

[D + .14SDS]+ 0.75L + 0.75*.7E

P = [.9-.14]*599.5 = 455.6

P = [1.0 + .14]*599.5 = 683.4

V = .7*229.4 = 160.6 k

M = .7*80,760 = 56,532 k-ft
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Example: In-Plane Shear Wall Design - Seismic

The maximum shear loading on the wall is:

V = .7*229.4 = 160.6 Kip

Assume 3 bars at the end of the wall. CMU typically uses a 16 
inch module 



March 13, 2017 International Masonry Institute -
Hawaii

146

Example: In-Plane Shear Wall Design - Seismic

The computed shear stress is:

d = 310 – 12 = 298 in  

psi
xbd

Vfv 71
298625.7
600,160

===

The allowable shear stress is:

0.118.1
298600,160
000,532,56

³==
xVd

M

psifF mv 4.7715000.20.2 ' ===

OKFf vv !

MSJC Equation 2-27

MSJC Equation 2-19
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Example: In-Plane Shear Wall Design - Seismic

[ ] psiFvm 9.681.507.18
298*625.7
600,45525.150018.1*75.10.4

4
1

=+=+-÷
ø
ö

ç
è
æ=

psi
A
Pf

Vd
MF

n
mvm 25.75.10.4

4
1 ' +úû

ù
êë
é -÷
ø
ö

ç
è
æ=

vsvmv FFF +=

Not much horizontal reinforcement required.
Special reinforced shear wall r = .0007. Use (2) No. 4 at 4’-
0” r = .62/[7.625*48] = 0011.  L/3 = 103 inches OK

MSJC Equation 2-29
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Example: In-Plane Shear Wall Design - Seismic

psiFFF vsvmv 104359.68 =+=+=

psi
sA
dFAF

n

sv
va 35

48*298*625.7
298*000,32*4.5.05.0 ===

MSJC Equation 2-30
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Example: In-Plane Shear Wall Design - Seismic

Compression First
M/Pd = 56,600,000/(683,400*298) = .28
2/3-Delta = 2/3 – (298/2 – 12)/298 = .21 

So M/Pd is in region 3

Compression limited f’
m needs to be increased. Say 2000 psi 

per new code.
(3) No. 7 As = 1.8 in2

Mt = 67,600,000 lb-in 
Mc = 74,100,000 lb-in
OK
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Example: In-Plane Shear Wall Design - Seismic

Tension

M/Pd = 56,600,000/(455,600*298) = .42

(3) No. 7 As = 1.8 in2

Mt = 63,600,000 lb-in 

Mc = 56,300,000 lb-in

OK
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Example: In-Plane Shear Wall Design - Seismic

The MSJC 2011 section 2107.8 limits the amount of 
reinforcement for special reinforced masonry shear walls to 
the following: 

0058.

2000
000,601.16000,602

20001.16

2 '

'

max =
÷
ø
ö

ç
è
æ +

=

÷÷
ø

ö
çç
è

æ
+

=
x

x

f
f

nf

nf

m

y
y

mr

OK0058.0008.
298*625.7
8.1

max £==r
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Example: In-Plane Shear Wall Design - Seismic

Strength Design Limit:

y

y
m

S

f
bd
Pf

bd
A

-÷
÷
ø

ö
ç
ç
è

æ

+
==

aee
e

r 0

0'

max

64.

00005.0050.00495.
000,60

298*625.7
400,683

00207.*0.40025.
0025.2000*64.

max -=-=
-÷
ø
ö

ç
è
æ

+==
bd
ASr

Negative steel required.


