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Fasten Your Seatbelts

5 out of 5 Calculators

Woodworks Example and Method of Analysis:
• Currently, there are few, if any, examples or guidance available.
• No set path for design.
• Codes and standards only partially address open-front design issues. 
• The method of analysis used in this example is based on our engineering 

judgement, experience, and interpretation of codes and standards as to how 
they might relate to open-front structures. 



Codes and Standards

Course Description: Open-Front Diaphragms
A variety of challenges often occur on projects due 
to:

• Fewer opportunities for shear walls at 
exterior wall lines

• Open-front diaphragm conditions
• Increased building heights, and 
• Potential multi-story shear wall effects. 
• Can be very flexible structures subject to 

drift, irregularity and stiffness issues 
(seismic or wind).

In mid-rise, multi-family buildings, corridor only 
shear walls are becoming very popular way to 
address the lack of capable exterior shear walls.  

The goal of this presentation is to provide guidance 
on how to analyze a double open-front, or corridor 
only shear wall diaphragm, and help engineers 
better understand flexibility issues associated with 
these types of structures.

16 Powerhouse, Sacramento, CA
D&S Development
LPA Sacramento
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1. When does a loss in stiffness in the exterior walls cause an open-front 
diaphragm condition?

2. What is the deflection equation for open-front/cantilever diaphragms?

3. How is diaphragm flexibility defined for open-front/cantilever 
diaphragms vs. ASCE 7-16, Figure 12.3-1?

4. What are the available methods of distributing torsional forces into the 
diaphragm?

5. Do shear walls located along diaphragm chord lines affect the diaphragm 
chord forces?

6. Will the in-plane lateral forces of the exterior walls located at the ends of 
the cantilever increase chord forces, or is it acceptable to include these 
as part of the PSF lateral load?

7. How are torsional irregularities determined and addressed for open-
front/cantilever diaphragms?

Questions
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Distribution of shear to vertical resisting elements shall be 
based on an analysis where the diaphragm is modeled as:

o Idealized as flexible-based on tributary area. 

o Idealized as rigid-Distribution based on relative lateral 
stiffnesses of vertical-resisting elements of the story below.

o Modelled as semi-rigid. 

§ Not idealized as rigid or flexible
§ Distributed to the vertical resisting elements based on the relative stiffnesses of the 

diaphragm and the vertical resisting elements accounting for both shear and flexural 
deformations.

§ In lieu of a semi-rigid diaphragm analysis, it shall be permitted to use an enveloped 
analysis.   

Average drift of 
walls

Maximum diaphragm deflection 
(MDD) >2x average story drift of 
vertical elements, using the ELF 
Procedure of Section 12.8?

Maximum 
diaphragm 
deflection

Calculated as Flexible

• More conservatively distributes lateral forces 
to corridor, exterior and party walls

• Allows easier determination of building drift
• Can over-estimate torsional drift
• Can also inaccurately estimate diaphragm 

shear forces

• Can under-estimate forces distributed to the corridor walls 
(long walls) and over-estimate forces distributed to the 
exterior walls (short walls)

• Can inaccurately estimate diaphragm shear forces

Note:
Offsets in diaphragms can also 
affect the distribution of shear 
in the diaphragm due to changes 
in the diaphragm stiffness.

Horizontal Distribution of Shear  
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Bending increases 
at start of offset

Base Line=0

Base Line=0

Base Line=0
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51.13 k
46.4 k
43.21 k

4.47
7.66

80.48

0.674

8.95

414.2’k

526.55’k

692.1’k

Full 
cantilever

A.R. 1.5:1 wall
A.R. 2:1 wall

A.R. 3.5:1 wall

Review Stiffness at Offsets
Longitudinal Loads- Shear Wall A.R.=1.5:1

Ext. SW
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• Force distribution to walls based on nominal 
wall stiffness

• 2D FEA model used to visualize diaphragm 
displacement curves and force distribution

• Diaphragm 15/32” WSP w/ 10d@6” o.c.
§ Modelled as flexible 
§ Continuous chords at corridor walls

• Shear walls with 15/32”WSP
§ Wall height=10’
§ Hold down anchors same for all walls
§ No gravity loads
§ Corridor walls (3)10’ w/ 10d@4” o.c.-

constant through-out study (basis of 
design)

10d nails
L=(3)10’ walls
• 10d@3”o.c., Ga=37
• 10d@4”o.c., Ga=30
• 10d@6”o.c., Ga=22
L=(3)8’ walls
• 10d@3”o.c.
• 10d@4”o.c.
• 10d@6”o.c.
L=(3)6’ walls
• 10d@3”o.c.
• 10d@4”o.c.
• 10d@6”o.c.
L=(3)4’ walls
• 10d@3”o.c.
• 10d@4”o.c.
• 10d@6”o.c
L=(3)3’ walls
• 10d@3”o.c.
• 10d@4”o.c.
• 10d@6”o.c

Study to Determine Open-front condition - 35’ Span
Objective is to determine point where loss of shear wall stiffness at 
exterior wall line causes an open-front condition
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Structures Are Also Susceptible to Wind Damage

Possible Soft Story
(Not enough shear walls across front)

Possible Soft Story

• Too much flexibility?
• Lack of adequate shear walls
• Soft / Weak story issues?
• Insufficient load paths?
• Lack of proper connections?



Possible Soft Story

Possible Soft Story An Engineered Structure?

No shear 
walls
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SDPWS 4.2.5.2 Open Front Structures: (Figure 4A)
For resistance to seismic loads, wood-frame  diaphragms in open front structures shall 
comply with all of the following requirements:

1. The diaphragm conforms to:
a. WSP-L’/W’ ratio ≤ 1.5:1 4.2.7.1
b. Single layer-Diag. sht. Lumber- L’/W’ ratio ≤  1:1 4.2.7.2
c. Double layer-Diag. sht. Lumber- L’/W’ ratio ≤  1:1 4.2.7.3

2. The drift at edges shall not exceed the ASCE 7 allowable story drift when subject 
to seismic design forces including torsion, and accidental torsion (Deflection-
strength level amplified by Cd. ).  

3. For open-front-structures that are also torsionally irregular as defined in 4.2.5.1, 
the L’/W’ ratio shall not exceed 0.67:1 for structures over one story in height, and 
1:1 for structures one story in height.

4.  For loading parallel to open side:
a. Model as semi-rigid (min.), shall include shear and bending deformation of

the diaphragm, or idealized as rigid.

5. The diaphragm length, L’, (normal to the open side) does not exceed 35 feet. 
(2008 SDPWS: L’max=25’. Exception-if drift can be tolerated, L’ can be
increased by 50%). Could use an Alternative Materials, design and Methods
Request (AMMR) to exceed 35’.       

Currently no deflection equations or guidance on determination of diaphragm flexibility.
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Open Front Structures Code Checks:
For resistance to seismic loads, wood-frame  diaphragms in open front structures should 
comply with all of the following requirements:

1. Check stiffness of diaphragm and shear walls        ASCE 7 12.3.1, SDPWS 4.2.5.2 (3)

2. Verify aspect ratio SDPWS 4.2.7.1- 4.2.7.3

3. Check drift at edges ASCE 7  12.12.1, SDPWS 4.2.5.1

4. Check for torsional irregularity ASCE 7 12.3.2, SDPWS 4.2.5.1
• Inherent torsion ASCE 7 12.8.4.1
• Accidental torsion ASCE 7 12.8.4.2
• Amplification of accidental torsion ASCE 7 12.8.4.3

5.  Check diaphragm flexibility ASCE 7 12.3, SDPWS 4.2.5.2 (3)

6. Verify diaphragm length, L’ SDPWS 4.2.5.2(4)

7. Assume or verify redundancy ASCE 7 12.3.4

For resistance to Wind loads:

1. ASCE 7-16 Section 27.4.5-Diaphragm flexibility-The structural analysis shall
consider the stiffness of diaphragms and vertical elements of the MWFRS

2. Recommend Following SDPWS 4.2.5.2 (not required by code). Considered
good engineering practice. 

3. Show that the resulting drift at the edges of the structure can be tolerated. 
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Roof sht’g.

Blk’g.

Alt.-Top Chord Bearing Truss

Roof 
sht’g.

WSP sht’g.

Blocking

Joist 
hanger

Bracing Bracing

Roof 
joist

Hangered  Roof Joist

10”-0” 
to F.F.

Ledgered  Roof Joist

Ledger

Joist 
hanger

Blocking

10”-0” 
to F.F.

Clip

Top chord 
bearing truss

(Platform framing not shown)

Typical Exterior Wall Sections

Diaph. chord

Diaph. chord

Diaph. chord
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Preliminary Assumptions
1. LFRS Layout
2. Diaphragm Flexibility
3. Redundancy
4. Accidental torsion
5. Torsional Irregularities

Options: Pros and Cons of Assumptions
• Assume conservative values upfront: 

1. Design is conservative, leave as is
2. Design is conservative, revise to reduce forces 

• Assume minimum values upfront:
1. Design meets demand, leave as is
2. Design meets demand but is marginal, change to 

improve performance
3. Design unconservative, revise design to meet 

demand

/ scary-efficient / marginal

Page 8



ASCE 7, C12.3.1.1 Flexible Diaphragm Condition is allowed provided:
• All light framed construction
• 1 ½”or less of non-structural concrete topping
• Each line of LFRS is less than or equal to allowable story drift

Compliance with story drift limits along each line of shearwalls is intended as 
an indicator that the shearwalls are substantial enough to share load on a 
tributary area basis and do not require torsional force redistribution.

NEHRP Seismic Design Brief 10 and ASCE 7-16 commentary-”The 
diaphragms in most buildings braced by wood light-frame shear 
walls are semi-rigid”.

• The diaphragm stiffness relative to the stiffness of the 
supporting vertical seismic force-resisting system is 
important to define. 

2. Diaphragm Flexibility-12.3.1



3. Redundancy
Assume ρ=1.3 unless conditions of ASCE 7-16 Section 12.3.4.2 are
met to justify ρ=1.0. 

Accidental torsion shall be applied to all structures for 
determination if a horizontal irregularity exists as specified in 
Table 12.3-1. 

• Applies to non-flexible diaphragms 
• Design shall include the inherent torsional moment (Mt) 

plus the accidental torsional moments (Mta) 
• Accidental torsional moment (Mta) = assumed 

displacement of the C.M. equal to 5% of the dimension 
of the structure perpendicular to the direction of the 
applied forces.

4. Accidental Torsion 12.8.4.2



Accidental torsion moments (Mta) need not be included when determining:
• Seismic forces E in the design of the structure, or
• Determination of the design story drift in Sections 12.8.6, 12.9.1.2, 

Chapter 16, or drift limits of Section 12.12.1. 

Exceptions: 
o Structures assigned to Seismic Category B with Type 1b horizontal

structural irregularity.
o Structures assigned to Seismic Category C, D, E, and F with Type 

1a or Type 1b horizontal structural irregularity.

Structures assigned to SDC C, D, E, or F, where Type 1a or 1b torsional 
irregularity shall have the effects accounted for by multiplying Mta at each level 
by a torsional amplification factor (Ax) 

5. Accidental Torsion 12.8.4.2 (Cont.)

For our example, C.M = C.R. No inherent torsion. Only accidental torsion 
is applied.
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Basic Project Information
• Structure-Occupancy B, Office, Construction Type VB-Light framing:

o Wall height=10’-Single story

o L=76’, total length

o W’=40’, width/depth

o L’=35’, cantilever length (max.)

o 6’ corridor width

• Roof DL (seismic)= 35.0 psf including wall/ partitions 

• Wall DL = 13.0 psf (in-plane)

• Roof snow load = 25 psf > required roof LL=20 psf

• Roof (lateral)= roof + wall H/2 plus parapet



Lateral Load Calculations-Seismic

Calculate Seismic Forces -ASCE 7-16 Section 12.8 Equivalent Lateral Force 
Procedure, Fx

• Risk category II

• Importance factor, Ie = 1.0

Using USGS Seismic Design Map-Tool, 2015 NEHRP, 2016 ASCE 7-16: 

o Location-Tacoma, Washington

o Site class D-stiff soil

o Ss = 1.355 g, S1 = 0.468 g   

o SDS = 1.084 g, SD1 = 0.571 g 

o Seismic Design Category (SDC) = D

ASCE 7-16 Table 12.2-1, Bearing Wall System, A(15) light framed wood walls w/ 
WSP sheathing. R = 6.5, 𝜴𝟎=3, Cd=4, Maximum height for shear wall system=65’.



Basic lateral force MSFRS

V = CsW = 0.167(35)(76)(40) = 17769 lbs. STR 
7769(0.7) = 12438 lbs. ASD

𝐂𝐬 =
𝐒𝐃𝐒
𝐑
𝐈𝐞

=

Seismic Force Calculation results:

Initial wall stiffness will be based on wall length. 

The final wall Nominal stiffness’s are used for all final analysis 
checks.

Rigid Diaphragm Analysis- ρ=1.3, Ax=1.25 

𝑭𝑻 = 𝑻
𝒌𝒅

∑𝒌𝒅𝒙𝟐 + 𝒌𝒅𝒚𝟐 𝑭𝒔𝒘 = 𝑭𝑽 + 𝑭𝑻

𝑱 =K𝒌𝒅𝒙𝟐 + 𝒌𝒅𝒚𝟐 𝑭𝑽 = 𝑭𝒙
𝒌
∑𝒌

RDA Equations

T	=	V(e)(Ax)(ρ) ft.	lbs.

0.167  short period controls 12.8-2               
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Preliminary Shear wall Design (ASD): ASCE 7-16 Section 2.3.6-Seismic 

• Determine shear wall chord properties:

2x6 DF-L no. 1 framing used throughout.
E = 1,700,000 psi, wall studs @ 16” o.c.

EA= 42,075,000 lbs. at grid line A,B = (3)2x6 D.F., KD, studs @16” o.c. 
boundary elem.

EA= 28,050,000 lbs. at grid line 2,3 = (2)2x6 D.F., KD, studs @16” o.c. 
boundary elem.

• Check aspect ratio, If A.R.>2:1, reduction is required per SDPWS Section 
4.3.4.

• Hold downs = pre-manufactured bucket style with screw 
attachments Same H.D used at all SW locations

o Manuf. table gives Allowable ASD hold down capacity and 
displacement at capacity (ESR Reports)

o Displacement at hold down = 𝑻(𝑨𝒍𝒍𝒐𝒘.𝑫𝒊𝒔𝒑𝒍)
𝑨𝑺𝑫 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚

o Min. wood attachment thickness = 3” per table



Shear Walls Along Grid Lines A and B
Design Dimensions

Shear Walls Along Grid Lines 2 and 3
Design Dimensions

LC8  = 1.152D +0.7ρQE

LC9  = 1.114D + 0.525ρQE + 0.75S

LC10 = 0.448D+0.7ρQE

Load Combinations (ASD):

Full dead loads shown, 1.0D
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Sheathing
Material

Minimum
Nominal

Panel
Thickness

(in.)

Minimum
Fastener 

Penetration
In Framing

Member or 
Blocking

(in.)

Fastener
Type & Size

A
Seismic

Panel Edge Fastener Spacing (in.)

Table 4.3A   Nominal Unit Shear Capacities for Wood-Framed Shear Walls

6                  4 3 2             6             4         3         2 

Vs        Ga     Vs       Ga    Vs     Ga       Vs       Ga     Vw       Vw Vw Vw

B
Wind

Panel Edge Fastener 
Spacing (in.)

Wood Based Panels4

(plf) 
(kips/in.)

(plf) 
(kips/in.)

(plf) 
(kips/in.)

(plf)
(kips/in.) (plf)    (plf)    (plf)   (plf)

Wood 
Structural 
Panels-
Sheathing

4,5

15/32           1-3/8               8d          520  13  10  760 19  13  980 25 15  1280 39 20  730    1065   1370  1790  
15/32 620  22  14  920  30 17 1200 3719  1540 52 23 870    1290   1680   2155  
19/32            1-1/2            10d 680  19  13  1020 26 161330 33 181740 48 28  950   1430   1860    2435    

Blocked
Shear Wall Capacity-Wood Based Panels

Nail 
(common or
Galvanized 
box)

OSB  PLY OSB  PLY OSB  PLY OSB  PLY

Calculated results by wall length
VSW A,B = 565.9 plf 
VSW 2,3  = 286.8 plf 

Increasing stiffness to account for drift, torsion, etc. requires engineering judgement.

SWA,B: Use 15/32” OSB w/ 10d@3” o.c., vs= (1200)/2 = 600 plf, Ga=37
SW2,3: Use 15/32” OSB w/ 10d@4” o.c., vs= (920)/2 = 460 plf, Ga=30

Maximum tension force, T= 4570 lbs.- Use HD=4565 lbs. (0.1% under-check later)
ASD, ∆a=0.114” @ capacity
STR, ∆a=0.154” @ capacity Page 13
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Verification of Wall Strength (ASD)
Based on selected wall construction and Nominal Wall Stiffness

SW
Line

Ky
k/in

Kx
k/in

Dx
Ft.

Dy
Ft.

Kd 𝐊𝐝𝟐 Fv
Lbs.

FT
Lbs.

Total
Lbs.

A ------- 25.14 -------- 20 502.8 10056 0 1848.1 1848.1

B ------- 25.14 -------- 20 502.8 10056 0 -1848.1 -1848.1

2 43.54 -------- 3 -------- 130.62 391.86 8084.9 -480.1 7604.8

3 43.54 -------- 3 -------- 130.62 391.86 8084.9 480.1 8565.0

SW Ky
k/in

Kx
k/in

Dx
Ft.

Dy
Ft.

Kd 𝐊𝐝𝟐 Fv
Lbs.

FT
Lbs.

Total
Lbs.

A ------- 25.14 -------- 20 502.8 10056 8084.9 972.7 9057.6

B ------- 25.14 -------- 20 502.8 10056 8084.9 -972.7 7112.2

2 43.54 -------- 3 -------- 130.62 391.86 0 252.7 252.7

3 43.54 -------- 3 -------- 130.62 391.86 0 -252.7 -252.7

Longitudinal Direction, e=4.75’, T = 76806.5 ft. lbs.

Transverse Direction – e=2.5’, T = 40424.5 ft. lbs.

ΣKy=87.08 J=20895.72

ΣKy=87.08 ΣKx=50.28 J=20895.72

ΣKx=50.28

W
al

ls
 a

t G
rid
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 &
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Nominal stiffness values used

ρ=1.3, Ax=1.25 

ρ=1.3, Ax=1.25 
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SW Design Checks
• A.R. = 1.25:1< 3.5:1 Since the A.R. does not exceed 2:1, no reduction is required per 

SDPWS Section 4.3.4.

• Wall shear: Vsw A, B = 
𝑽𝒘𝒂𝒍𝒍 𝒍𝒊𝒏𝒆

𝟐
Lbs. each wall segment, vs =

𝑽𝒘𝒂𝒍𝒍
𝑳𝒘𝒂𝒍𝒍

plf

• Check anchor Tension force ≤  Allowable. ⸫ okay?

Calculate actual anchor slip, slip = 𝐌𝐚𝐱 𝐬𝐥𝐢𝐩 𝐚𝐭 𝐜𝐚𝐩𝐚𝐜𝐢𝐭𝐲(𝐓)
𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 𝐜𝐚𝐩𝐚𝐜𝐢𝐭𝐲

Dimensional change = 0.0025 inches per inch of cross-sectional dimension for 
every 1 percent change in MC. 

Shrinkage = (0.0025)(D)(Starting MC - End MC) 

Where: D is the dimension of the member in the direction under 
consideration, in this case the thickness of a wall plate.

• Sill plate shrinkage:
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Verification of Compliance with SDPWS 4.2.5.2-Open Front Structures:

For resistance to seismic loads, wood-frame  diaphragms in open front structures shall 
comply with all of the following requirements:

1. The diaphragm conforms to: WSP-L’/W’ ratio ≤ 1.5:1

2. For open-front-structures that are also torsionally irregular L’/W’ ratio shall not 
exceed 1:1 for structures one story in height. 

3. The drift at edges shall not exceed the ASCE 7 allowable story drift when subject   
to seismic design forces including torsion, and accidental torsion (Deflection-
strength level amplified by Cd. ).

4. For loading parallel to open side: Model as semi-rigid or rigid  Assumed to be
rigid both directions. 

5. The diaphragm length, L’, (normal to the open side) does not exceed 35 feet. 

A.R. = 0.875 OK

A.R. = 0.875 OK

To be verified later

To be verified later

L’max = 35’ OK



12.10.1.1 Diaphragm Design Forces.  
The diaphragm must be designed to the maximum of these two:

• MSFRS Diaphragm (structure) Load (𝑭𝒙) or, 
• Controlling Diaphragm inertial Design Load (𝑭𝒑𝒙) Per Eq. 12.10-1 as follows:

𝐅𝐩𝐱 =
∑𝐢�𝐱
𝐧 𝐅𝐢

∑𝐢�𝐱
𝐧 𝐰𝐢

𝐰𝐩𝐱 (12.10-1) 

where
Fpx = the diaphragm design force at level x
Fi = the design force applied to level i
wi = the weight tributary to level i
wpx = the weight tributary to the diaphragm at level x

The force shall not be less than Fpx = 0.2SDSIewpx                                                       (12.10-2)

The force need not exceed Fpx = 0.4SDSIewpx (12.10-3)

For inertial forces calculated in accordance with Eq. 12.10-1, ρ=1.0 per ASCE 7-16 Section 
12.3.4.1, Item 7. 
For a single story structure                                      𝑭𝒙 = 𝑭𝒑𝒙 =

𝑺𝑫𝑺𝑰𝒆
𝑹 𝒘𝒑𝒙
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Chord 

1 2

A
-

12’15’ 8’
3 4

+

12’ 8’ 15’6’

Vsw Line
1848.1 lbs.
Diaphragm Loading and
Torsional SW/Strut forces

Direction of diaphragm 
transfer shears (Bending)
Diaphragm transfer shears 

Moment  Diagram and 
Chord Forces Bending –All 
chord forces are positive 
Values (Tension)    

Forces = 𝑴𝒙
𝒅

15’ 61’53’23’

SWSW Chord Chord Chord 

35’

15’
23’

SWSW

+718.3 lbs.
+1519.3 lbs.

+3265.6 lbs.
+1546 lbs.

+730 lbs.
-28.73 ‘k

-130.62 ‘k -133.1 ‘k

-61.82 ‘k
-29.18 ‘k

-60.77 ‘k

+3327 lbs.

Wall Load

7604.8 8565

553.2

176 plf

3.278 k 4.731 k
6.911 k

0.141 k

0.961 k

7.051 k
4.823 k

3.338 k

0.553 k

0.553 k
SWSW

Method 2B

185.65 plf181.65 plf

VT = 24.32 plf VT = 24.32 plf

Shear Diagram V+
_
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720   17  12    960   10   8   1440    14   11  1640  24 15  1010   1345   2015   2295  

Sheathing
Grade

Minimum
Nominal

Panel
Thickness

(in.)

Minimum
Fastener 

Penetration
In Framing

Member or 
Blocking

(in.)

Common 
nail Size

A 
Seismic

Table 4.2A   Nominal Unit Shear Capacities for Wood-Framed Diaphragms

6                      6                    4                   3              6         6         4         3 
Vs      Ga     Vs       Ga        Vs        Ga      Vs     Ga      Vw Vw Vw Vw

1,3,6,7

540   13  9.5   720  7.5  6.5 1060  11  8.5  1200  19 13   755     1010   1485   1680

B
Wind

Panel Edge Fastener 
Spacing (in.)

(plf) (kips/in.) (plf) (kips/in.)(plf) (kips/in.)(plf) (kips/in.) (plf)    (plf)     (plf)     (plf)

Sheathing
and

Single floor

OSB  PLY OSB  PLY OSB  PLY OSB  PLY

8d

Blocked
Diaphragm Capacity-Wood Structural Panels

Minimum
Nominal width
Of nailed face
At adjoining
Panel edges

and boundaries
(in.)

6                      4                    2 ½                2             6         4       2 ½        2 

Nail spacing (in.) at boundaries (all cases), at 
continuous panel edges parallel to load (cases 3 & 

4), and at all panel edges (cases 5 & 6).

Nail spacing (in.) at other panel edges(cases 1, 2, 3 & 4

10d
15/32

19/32

1-3/8

1-1/2

15/32

7/16
2
3
2
3
2
3

2
3

600   10  8.5   800    6   5.5 1200    9   7.5  1350  15 11   840     1120   1680   1890  

570   11   9     760    7     6   1140  10    8    1290  17 12   800     1065   1595 1805  

580   25  15    770   15   11  1150  21   14   1310  33 18   810    1080   1610   1835  
650   21  14    860   12  9.5 1300   17   12   1470  28 16  910    1205    1820   2060  
640   21  14    850   13  9.5 1280   18   12  1460  28 17   895     1190   1790   2045  

𝐔𝐧𝐢𝐭 𝐭𝐨𝐫𝐬𝐢𝐨𝐧𝐚𝐥 𝐬𝐡𝐞𝐚𝐫 = 𝟐𝟒. 𝟑𝟐 𝐩𝐥𝐟

vMax diaph = 176.3 + 24.3 = 200.6 plf. 

200.6 plf < vs = 0.5(580) = 290 plf. o.k.

Ga = 25, blocked

Roof framing-D.F. 1, E = 1,700,000 psi, roof joists @ 16” 0.c.
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Seismic:
ASCE 7-16 Section 12.3.1- Diaphragm flexibility-The structural analysis shall 
consider the relative stiffnesses of diaphragms and the vertical elements of 
the seismic force resisting system. 

Wind:
ASCE 7-16 Section 27.4.5- Diaphragm flexibility-The structural analysis shall 
consider the relative stiffness of diaphragms and vertical elements of the 
MWFRS.

A matter of Stiffness

Flexible structures are susceptible to 
damage from wind or seismic forces

Can require engineering judgement
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Three-term equation for uniform load: 

𝜹𝑫𝒊𝒂𝒑𝒉 𝑼𝒏𝒊𝒇 =
𝟑𝒗𝑳′𝟑

𝑬𝑨𝑾′ +
𝟎. 𝟓𝒗𝑳′
𝟏𝟎𝟎𝟎𝑮𝒂

+
𝚺𝐱′∆𝑪
𝑾′

Four-term equation for uniform load:

𝜹𝑫𝒊𝒂𝒑𝒉 𝑼𝒏𝒊𝒇 =
𝟑𝒗𝑳′𝟑

𝑬𝑨𝑾′ +
𝟎. 𝟓𝒗𝑳′
𝑮𝒗𝒕𝒗 + 𝟎. 𝟑𝟕𝟔 𝑳′ 𝒆𝒏 +

𝚺𝐱′∆𝑪
𝑾′

Three-term equation for point load: 

𝜹𝑫𝒊𝒂𝒑𝒉 𝑪𝒐𝒏𝒄 =
𝟖𝒗𝑳′𝟑

𝑬𝑨𝑾′ +
𝒗𝑳′

𝟏𝟎𝟎𝟎𝑮𝒂
+
𝚺𝐱′∆𝑪
𝑾′

Four-term equation for point load: 

𝜹𝑫𝒊𝒂𝒑𝒉 𝑪𝒐𝒏𝒄 =
𝟖𝒗𝑳′𝟑

𝑬𝑨𝑾′ +
𝒗𝑳′
𝑮𝒗𝒕𝒗 + 𝟎. 𝟕𝟓 𝑳′ 𝒆𝒏 +

𝚺𝐱′∆𝑪
𝑾′

For method 2B, the maximum diaphragm deflection is 
equal to the sum of the uniform load deflection plus the 
concentrated load deflection:

EA chords =28,050,000 lbs., 2-2x6 wall top plate.

Where:
L′ = cantilever diaphragm length, ft
W′ = cantilever diaphragm width, ft
E = modulus of elasticity of diaphragm chords, psi
A = area of chord cross-section, in.2
vmax = induced unit shear at the support from a

uniform applied load, lbs/ft 
Ga = apparent diaphragm shear stiffness from nail 

slip and panel shear deformation, kips/in
Gvtv = Panel rigidity through the thickness
X’ = distance from chord splice to the free edge of

the diaphragm, ft
Δc = diaphragm chord splice slip, in. 

δDiaph Unif = calculated deflection at the free edge of
the diaphragm, in.

𝒆𝒏 Nail slip per SDPWS C4.2.2D for the load per
fastener at vmax

δDiaph Conc = calculated deflection at the free edge of
the diaphragm, in.

Cantilever Diaphragm Deflection Equations (Question 2):

∆𝑪 𝒎𝒂𝒙 ∆𝑪𝟐 ∆𝑪𝟏

𝐱′

If x referenced from support, x=0 
and slip=0 at maximum chord force
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Wall displacements from Spreadsheet:

𝜹𝑫𝒊𝒂𝒑𝒉 𝒍𝒆𝒇𝒕 = 𝟎. 𝟐𝟔“, 𝜹𝑫𝒊𝒂𝒑𝒉 𝒓𝒊𝒈𝒉𝒕 = 𝟎. 𝟐𝟔𝟓“

Deflection at grid line 3 = 0.216”

𝟐 𝐱 𝚫𝟑 = 𝟎. 𝟒𝟑𝟐“

0.265” < 0.432” \ Diaphragm can be idealized as Rigid

Diaphragm Flexibility – Wind

• ASCE 7-16, Chapter 27, Section 27.5.4-DIAPHRAGM FLEXIBILITY-requires that the 
structural analysis shall consider the stiffness of diaphragms and vertical 
elements of the main wind force resisting system (MWFRS). 

• Section 26.2 - Definitions, DIAPHRAGM, diaphragms constructed of WSP are 
permitted to be idealized as flexible. 

• There is no drift limit requirement in the code for wind design. 

𝜹𝑫𝒊𝒂𝒑𝒉 𝑼𝒏𝒊𝒇 =
𝟑𝒗𝒎𝒂𝒙𝑳�𝟑

𝑬𝑨𝑾�
+ 𝟎.𝟓𝒗𝒎𝒂𝒙𝑳�

𝟏𝟎𝟎𝟎𝑮𝒂
+ 𝚺𝑨𝑪𝑿𝑪

𝑾�

Diaphragm Deflection-Method 2A, ρ=1.0, Ax=1.25

Three-term equation for uniform load
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𝚫𝑨𝒗𝒆𝒓𝒂𝒈𝒆= 0.204” (Translation)

δ𝑹𝑳= 𝟐𝚫𝑺𝑾 𝑨,𝑩(𝑳§¨𝟑§)
𝑾�

, δ𝑹𝑻= 𝟎. 𝟎𝟖𝟏"

Drift-Method 2A ρ=1.0, Ax=1.25

=
𝟐 𝟎. 𝟎𝟖𝟏 𝟑𝟓� + 𝟑′

𝟒𝟎 = 𝟎. 𝟏𝟓𝟒"

Drift ∆ = 𝜹𝑫𝒊𝒂𝒑𝒉 + 𝜹𝑹𝒐𝒕𝒂𝒕𝒊𝒐𝒏 + 𝜹𝑻𝒓𝒂𝒏𝒔𝒍𝒂𝒕𝒊𝒐𝒏

Drift ∆= (𝜹𝑻 + 𝜹𝑫±𝜹𝑹𝑳)𝟐+(𝜹𝑹𝑻)𝟐

Drift ∆4 = (𝟎. 𝟐𝟎𝟒 + 𝟎. 𝟐𝟔𝟓 + 𝟎. 𝟏𝟓𝟒)𝟐+(𝟎. 𝟎𝟖𝟏)𝟐= 𝟎. 𝟔𝟐𝟖"

Drift ∆1 = (𝟎. 𝟐𝟎𝟒 + 𝟎. 𝟐𝟔 − 𝟎. 𝟏𝟓𝟒)𝟐+(𝟎. 𝟎𝟖𝟏)𝟐= 𝟎. 𝟑𝟐𝟎"

ẟ2 = 8.357 k / 43.54 k/in = 0.192 in,

ẟ3 = 9.412 k / 43.54 k/in = 0.216 in

ẟA = 2.031 k / 25.14 k/in = 0.081 in,

ẟB = -2.031 k / 25.14 k/in = -0.081 in

𝚫𝑫𝒊𝒂𝒑𝒉= 0.265”

Cd = 4, Ie = 1

𝜹𝑴 = 𝑪𝒅𝜹𝒎𝒂𝒙
𝑰𝒆

= 𝟒(𝟎.𝟔𝟐𝟖)
𝟏

= 2.51”



Table 12.12-1 Allowable Story Drift, Δa

Risk Category
Structure                                                   I or II              III         IV

Structures, other than masonry shear wall structures,        0.025hsx 0.020hsx 0.015hsx
four stories or less above the base as defined in Section
11.2, with interior walls, partitions, ceilings, and 
exterior wall systems that have been designed to 
accommodate the story drifts.
Masonry cantilever shear wall structures                              0.010hsx 0.010hsx 0.010hsx

Other masonry shear wall structures                                     0.007hsx 0.007hsx 0.007hsx

All other structures                                                                  0.020hsx 0.015hsx 0.010hsx

0.025hsx = 0.025(10)(12) = 3.0” > 2.51” ⸫ drift O.K. 

0.02hsx = 0.02(10)(12) = 2.4” <  2.51” ⸫ drift not O.K. for 2% drift

• Depends on the non-structural components and detailing. 

• Most sheathed wood framed walls can undergo the 2.5% drift level while providing life 
safety performance at the seismic design level.

• 0.025hsx limit - interior walls, partitions, ceilings, and exterior walls can accommodate 
the higher story drift limit. The selection of the higher 2.5% drift limit should be taken 
only with consideration of the non-structural wall and window performance.

• Otherwise, the 2% drift limit requirements should be used.  
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Sheathing
Grade

Minimum
Nominal

Panel
Thickness

(in.)

Minimum
Fastener 

Penetration
In Framing
Member or 

Blocking
(in.)

Common 
nail Size

A 
Seismic

Table 4.2A   Nominal Unit Shear Capacities for Wood-Framed Diaphragms

6 6                    4 3 6         6         4         3 
Vs      Ga     Vs       Ga        Vs        Ga      Vs     Ga      Vw Vw Vw Vw

540   13  9.5   720  7.5  6.5 1060  11  8.5  1200  19 13   755     1010   1485   1680

B
Wind

Panel Edge Fastener 
Spacing (in.)

(plf) (kips/in.) (plf) (kips/in.)(plf) (kips/in.)(plf) (kips/in.) (plf)    (plf)     (plf)     (plf)

Sheathing
and

Single floor

OSB  PLY OSB  PLY OSB  PLY OSB  PLY

8d

Blocked

Minimum
Nominal width
Of nailed face
At adjoining
Panel edges

and boundaries
(in.)

6                      4                    2 ½                2             6         4       2 ½        2 

Nail spacing (in.) at boundaries (all cases), at 
continuous panel edges parallel to load (cases 3 & 

4), and at all panel edges (cases 5 & 6).

Nail spacing (in.) at other panel edges(cases 1, 2, 3 & 4)

10d
15/32

19/32

1-3/8

1-1/2

15/32

7/16
2
3
2
3
2
3

2
3

600   10  8.5   800    6   5.5 1200    9   7.5  1350  15 11   840     1120   1680   1890  

570   11   9     760    7     6   1140  10    8    1290  17 12   800     1065   1595 1805  

580   25  15    770   15 11  1150  21 14   1310  33 18   810    1080   1610   1835  
650   21  14    860   12  9.5 1300   17   12   1470  28 16  910    1205    1820   2060  
640   21  14    850   13  9.5 1280   18   12  1460  28 17   895     1190   1790   2045  
720   17  12    960   10   8   1440    14   11  1640  24 15  1010   1345   2015   2295  

Solutions if drift is exceeded: 
Additional stiffness must be provided in either the diaphragm or in the shear walls:
a.    Diaphragms-

• Increasing nail size, spacing and/or sheathing thickness can increase shear capacity 
but it will not, in most cases, increase the diaphragm stiffness, if using the 3 term eq.

• The largest deflection comes from shear deflection and nail slip.
• SDPWS Table 4.2A shows that the apparent shear stiffness diminishes as you 

decrease the boundary nail spacing from a 6/6/12 nailing pattern until you get to a 
2/3/12 nailing pattern. 

• If using plywood, switch to OSB which has a higher Ga
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b. Shear walls- Contrary to the diaphragm, decreasing the nail spacing on the shear walls 
would increase the wall stiffness, reference SDPWS Table 4.3A. The apparent shear
stiffness, Ga, increases as the nail spacing decreases. 

c. Other options to increase stiffness:

• Increase the wall lengths.
• Increase the number of shear walls in the lateral line of force-resistance.

• Apply sheathing to both sides of the walls at grid lines A & B or decrease nail 
spacing.

• Decrease nail spacing at corridor walls.
• Increase the size of the hold downs(with smaller ∆a) to lessen rod elongation and 

wall rotation.
• Increase the number of boundary studs (decrease bearing perpendicular to grain 

stresses, crushing).
• Add additional interior shear walls to decrease forces on other shear walls.

d.   Calculation Method: A final option which may increase the calculated system 
stiffness and reduce the deflections is to use the four-term deflection equation for the 
shear wall and diaphragm deflections to avoid introducing an artificial bias in the results 
by selectively combining three-term and four-term deflection calculations. 



Solution for 2% drift issue:
Following option (d), the 2% drift limit can potentially be achieved by using the four-term 
deflection equation, which reduces diaphragm deflection and drift, as noted below. 

𝛅𝐃𝐢𝐚𝐩𝐡 𝐔𝐧𝐢𝐟 =
𝟑𝐯𝐋′𝟑

𝐄𝐀𝐖′ +
𝟎. 𝟓𝐯𝐋′
𝐆𝐯𝐭𝐯 + 𝟎. 𝟑𝟕𝟔 𝐋′ 𝐞𝐧 +

𝚺𝐱∆𝐂
𝐖′

𝒆𝒏 = 𝑽𝒏
𝟕𝟔𝟗

𝟑.𝟐𝟕𝟔
= 𝟏𝟏𝟔.𝟔

𝟕𝟔𝟗

𝟑.𝟐𝟕𝟔
= 𝟎. 𝟎𝟎𝟐 𝒊𝒏 SDPWS Table C4.2.2D

where 116.6 is max. load per nail, 10d nails, dry lumber assumed.

Gvtv =35000 lb/in depth, 4-ply                                      SDPWS Table C4.2.2A 

v = 233.2 plf

𝟐𝚺𝒙∆𝒄
𝑾′ =

𝟐[𝟏𝟓 𝟎. 𝟎𝟐𝟑 + 𝟐𝟑 𝟎. 𝟎𝟏𝟐 + 𝟑𝟓 𝟎. 𝟎𝟐𝟓 ]
𝟒𝟎 = 𝟎. 𝟎𝟕𝟓 𝐢𝐧

𝛅𝐃𝐢𝐚𝐩𝐡 𝐔𝐧𝐢𝐟 =
𝟑(𝟐𝟑𝟑. 𝟐)𝟑𝟓𝟑

𝟐𝟖𝟎𝟓𝟎𝟎𝟎𝟎(𝟒𝟎) +
𝟎. 𝟓 𝟐𝟑𝟑. 𝟐 𝟑𝟓

𝟑𝟓𝟎𝟎𝟎 + 𝟎. 𝟑𝟕𝟔 𝟑𝟓 𝟎. 𝟎𝟎𝟐 + 𝟎. 𝟎𝟕𝟓 = 𝟎. 𝟐𝟒𝟓 𝐢𝐧

Drift ∆4 = (𝟎. 𝟐𝟎𝟒 + 𝟎. 𝟐𝟒𝟓 + 𝟎. 𝟏𝟓𝟑)𝟐+(𝟎. 𝟎𝟖𝟏)𝟐= 𝟎. 𝟔𝟎𝟖 𝐢𝐧

𝛅𝐌 =
𝐂𝐝𝛅𝐦𝐚𝐱
𝐈𝐞

= 𝟒(𝟎.𝟔𝟎𝟖)
𝟏

= 𝟐. 𝟒𝟑𝟒 𝐢𝐧.≈ 𝟐. 𝟒 𝐢𝐧. Close enough to comply with the 2% drift 
limitation. Drift can also be improved if ρ or Ax decreases (See Section 7.6.1). 

Where:
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In many cases, open-front structures will result in torsional irregularities because of 
rotational effects. 

SDPWS Section 4.2.5.1 addresses ASCE 7-16 torsional irregularity requirements. 

Torsional Irregularity Type 1a – seismic - Maximum story drift, ∆MAX, (including 
accidental torsion with AX=1.0), > 1.2x ∆ADVE

• Model as semi-rigid or idealized as rigid 

• Torsional irregularity, Type 1a, is allowed in structures assigned to SDC B, C, 
D, E, or F.

Torsional Irregularity Type 1b - seismic: Extreme torsionally irregular, Maximum story 
drift, ∆MAX > 1.4 x ∆ADVE

• An extreme torsional irregularity Type 1b is allowed in structures assigned to 
Seismic Design Categories B, C, and D, but not in SDC E, or F.

Torsional Irregularities ρ = 1.0 and Ax = 1.0

ASCE 7-16 Table 12.3-1, Type 1a and 1b irregularities note that Ax=1.0 when 
checking for torsional irregularities. 
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Longitudinal Loading
Grid Line kx Ky dx dy kd Fv FT Fv+FT

2 43.54 3 130.63 391.89 8884.5 -422.2 8462.3
3 43.54 3 130.63 391.89 8884.5 422.2 9306.7
A  25.14  20 502.74 10054.73  1624.7 1624.7
B  25.14  20 502.74 10054.73  -1624.7 -1624.7
Σ 87.09 50.27 J= 20893.23 17769

𝐤𝐝𝟐
e=3.8’, T = 67522.2 ft. lbs. ρ=1.0, Ax=1.0
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Torsional Irregularity Check-Method 2A

ρ=1.0, Ax=1.0

Rt. CantileverΣδ_slip v unif. v conc. Ga L' W' δDiaph Unif δDiaph conc Total δF 15 F23 F35 In. plf plf k/in. Ft. Ft. In. In. In.982.0 1235.5 3538.6 0.003 227.22 0.00 25.0 35.00 40.00 0.188 0.00 0.188  Nails Req'd= 4.35 5.47 15.66     Use Nails = 8 16 24  Slip= 0.021 0.013 0.025     EA= 28050000, (2)2x6 235.28Iincludes effects of sw's along chord line 231.77 W2 W1233.53 233.531.75 -1.758452.3 9295.7 235.28 231.77Diaphragm Deflection (STR) Lft. Cantilever331.6 1852.9 3613.1 0.003 224.16 #VALUE! 25.0 35.00 40.00 0.185 0.00 0.185  1.47 8.20 15.998 16 240.007 0.020 0.026

Diaphragm Deflection (STR)  Splice Forces (Lbs.)

Method 2A

Chord spliceChord splice Chord spliceChord splice
Rt. Cantilever

Σδ_slip v unif. v conc. Ga L' W' δDiaph Unif δDiaph conc Total δ
F 15 F23 F35 In. plf plf k/in. Ft. Ft. In. In. In.

983.2 1236.9 3542.8 0.075 227.49 0.00 25.0 35.00 40.00 0.260 0.00 0.260
Nails Req'd= 4.35 5.47 15.68    

Use Nails = 8 16 24  
Slip= 0.021 0.013 0.025     

EA= 28050000, (2)2x6 235.56
Iincludes effects of sw's along chord line 232.05

W2
233.80

1.75
8462.3 9306.7 235.56

Diaphragm Deflection (STR) Lft. Cantilever
332.0 1855.1 3617.4 0.073 224.42 0.00 25.0 35.00 40.00 0.256 0.00 0.256
1.47 8.21 16.01

8 16 24
0.007 0.020 0.026

Diaphragm Deflection (STR)  
Splice Forces (Lbs.)

Method 2A
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Check for Torsional Irregularity Type 1a - ρ=1.0, Ax=1.0

SDPWS 4.2.5.2 (2): 

A.R.  ≤ 1:1 if torsional irregularity - one-story structure 

A.R. = 0.67:1 - multi-story structure 

A.R. = 0.875 < 1, ⸫ O.K.  Had this been a multi-story structure, the A.R. would 
have been exceeded and adjustments made accordingly.

∆𝑨𝒗𝒆𝒓=
𝟎. 𝟏𝟗𝟒 + 𝟎. 𝟐𝟏𝟒

𝟐 = 𝟎. 𝟐𝟎𝟒"

Diaphragm deflections:

𝜹𝑫,𝟏=0.256” 

𝜹𝑫,𝟒=0.260” 

𝜹𝑺𝑾𝑨,𝑩=0.065” = 𝜹𝑹𝑻 Transverse displacement at Lines A and B 
from rigid diaphragm rotation

δRL =  𝟐𝜹𝑺𝑾𝑨,𝑩(𝑳§¨𝟑§)
𝑾�

=0.124”  Vertical component of rotation

∆𝟐= 𝟎. 𝟏𝟗𝟒", ∆3=0.214"



0.592 > 1.2(0.467) = 0.56”, ⸫ Horizontal torsional 
irregularity Type 1a does exist in this direction. 

Drift ∆= (𝜹𝑻 + 𝜹𝑫±𝜹𝑹𝑳)𝟐+(𝜹𝑹𝑻)𝟐

Drift ∆4 = (𝟎. 𝟐𝟎𝟒 + 𝟎. 𝟐𝟔𝟎 + 𝟎. 𝟏𝟐𝟒)𝟐+(𝟎. 𝟎𝟔𝟓)𝟐= 𝟎. 𝟓𝟗𝟐"

Drift ∆1 = (𝟎. 𝟐𝟎𝟒 + 𝟎. 𝟐𝟓𝟔 − 𝟎. 𝟏𝟐𝟒)𝟐+(𝟎. 𝟎𝟔𝟓)𝟐= 𝟎. 𝟑𝟒𝟐"

∆𝑨𝒗𝒆𝒓=
𝟎. 𝟓𝟗𝟐 + 𝟎. 𝟑𝟒𝟐

𝟐 = 𝟎. 𝟒𝟔𝟕"

0.592 < 1.4(0.467) = 0.654”, ⸫ Horizontal torsional 
irregularity Type 1b does not exist in this direction. 
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ASCE 7-16 12.8.4.3 Amplification of Accidental Torsional Moment.
Structures assigned to Seismic Design Category C, D, E, or F, where Type 1a or 1b 
torsional irregularity exists as defined in Table 12.3-1 shall have the effects accounted 
for by multiplying Mta at each level by a torsional amplification factor (Ax) as illustrated 
in Fig. 12.8-1 and determined from the following equation:

𝑨𝒙 =
𝜹𝒎𝒂𝒙
𝟏.𝟐𝜹𝒂𝒗𝒈

𝟐
12.8-14

Where
δmax =maximum displacement at level x computed assuming Ax = 1 

δavg =average of the displacements at the extreme points of the structure 
at level x computed assuming Ax = 1.

Mta =accidental torsional moment

From torsion section:

𝑨𝒙 =
𝜹𝒎𝒂𝒙
𝟏.𝟐𝜹𝒂𝒗𝒈

𝟐
= 𝟎.𝟓𝟗𝟐

𝟏.𝟐(.𝟒𝟔𝟕)

𝟐
= 1.116 < 1.25 assumed. 

⸫ Can recalculate if desired.

δ𝐁
δ𝐀

ASCE 7-16 Figure 12.8-1
Amplification of accidental torsion

ASCE 7-10 (1st printing) 12.8.4.1 Inherent Torsion Exception below is not in 3rd printing of ASCE 7-10 or ASCE 7-16
Most diaphragms of light-framed construction are somewhere between rigid and flexible for analysis purposes, that is, semi-
rigid. Such diaphragm behavior is difficult to analyze when considering torsion of the structure. As a result, it is believed that 
consideration of the amplification of the torsional moment is a refinement that is not warranted for light-framed 
construction.
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12.3.4.1 Conditions Where Value of ρ is 1.0. The value of ρ is permitted to equal 1.0 for 
the following:

2. Drift calculation and P-delta effects. 
5. Design of collector elements, splices, and their connections for which the seismic

load effects including over-strength factor of section 12.4.3 are used.
6. Design of members or connections where seismic load effects including over

-strength factor of section 12.4.3 are required for design.

7. Diaphragm loads, Fpx, determined using Eq. 12.10-1, including min. & max. 
values.

12.3.4.2 Redundancy Factor, ρ, for Seismic Design Categories D through F.
• For structures assigned to Seismic Design Category D and having extreme

torsional irregularity as defined in Table 12.3-1, Type 1b, ρ shall equal 1.3.

• For other structures assigned to Seismic Design Category D and for structures 
assigned to Seismic Design Categories E or F, ρ shall equal 1.3 unless one of the 
following two conditions (a. or b.) is met, whereby ρ is permitted to be taken as 
1.0. 

a. Each story resisting more than 35% of the base shear in the direction of 
interest shall comply with Table 12.3-3.

Let’s check condition b. first
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W= 17769/76=444.1 plf (ASD)

VA=9057.6 lbs.  

Vmax Diaph = 𝟗𝟎𝟓𝟕.𝟔
𝟕𝟔

= 119.2 plf < 464 plf ⸫ O.K

From spreadsheet (STR)

𝜹𝑫𝒊𝒂𝒑𝒉 = 𝟎. 𝟎𝟔𝟔“

𝜟𝑺𝑾 𝑨 = 0.396”, 𝜟𝑺𝑾 𝑩 = 0.311”,  𝟐𝒙𝜟𝑨𝒗𝒆𝒓𝒂𝒈𝒆 = 𝟎. 𝟕𝟎𝟕“

0.066” < 0.707” ⸫ Rigid diaphragm, as initially assumed. 

Diaphragm Flexibility, Resulting numbers: ρ=1.0, Ax=1.25 

Check Story Drift 

ρ =1.0 and Ax = 1.25 

Cd = 4, Ie = 1

𝛅𝐒𝐖𝐀 = 𝟎. 𝟑𝟗𝟔 𝐢𝐧 𝐟𝐫𝐨𝐦 𝐬𝐩𝐫𝐞𝐚𝐝𝐬𝐡𝐞𝐞𝐭

𝛅𝐌 =
𝐂𝐝𝛅𝐦𝐚𝐱
𝐈𝐞

= 𝟒(𝟎.𝟑𝟗𝟔)
𝟏

= 𝟏. 𝟓𝟖 𝐢𝐧

0.20 hsx = 0.020(10)(12) = 2.4 in > 1.58 in, ⸫ Drift OK 

SWSW

SW
 

2x ∆𝑨𝑫𝑽𝑬
>2x ∆𝑨𝑫𝑽𝑬

(a) ASCE 7-16 Figure 12.3-1

SW
 

∆𝑨𝑫𝑽𝑬

2x ∆𝑨𝑫𝑽𝑬

Semi-rigid
Flexible

∆𝑩

∆𝑨
δ𝐌𝐃𝐃

Rigid



Check for Torsional Irregularity
Rigid diaphragm, ρ =1.0 and Ax = 1.0 as required by ASCE 7 Table 12.3-1

From spreadsheet 

𝜹𝑺𝑾𝑨=0.387”

𝜹𝑺𝑾𝑩=0.319”

𝜟𝑨𝒗𝒆𝒓𝒂𝒈𝒆 =
𝟎.𝟑𝟖𝟕¨𝟎.𝟑𝟏𝟗

𝟐
= 𝟎. 𝟑𝟓𝟑" From spreadsheet

0.387 < 1.2(0.353) = 0.424”, ⸫ No torsional irregularity 
exists in this direction, as assumed. 

ρ=1.0, Ax=1.0



13
.3

33
’

26
.6

67
’

6.
66

7’

C.M.

C.R.

ΣK
=4

3.
54

Σ𝐊 = 𝟐𝟓. 𝟏𝟒
»𝒀 = 𝟏𝟐.𝟓𝟕(𝟒𝟎)

𝟑𝟕.𝟕𝟏
= 13.33’

Table 12.3-3 Requirements

• Removal of SW with H/L > 1.0
1. Will not result in > 33% reduction in strength
2. Will not result in extreme torsional irregularity

𝑯
𝑳

= 𝟏𝟎
𝟖
= 𝟏. 𝟐𝟓 >

𝟏. 𝟎 ⸫ remove

𝐊 = 𝟏𝟐. 𝟓𝟕

ΣK
=4

3.
54

∆𝑨𝒗𝒆𝒓=
𝟎.𝟕𝟕𝟓¨𝟎.𝟑𝟐𝟎

𝟐
= 0.547”

• δA= 0.775”

• δB= 0.320”

0.775” > 1.4(0.547)= 0.765” ⸫ Type 1b ⸫ ρ=1.3

Only 25% decrease in story strength.

δ𝐁=0.320

δ𝐀=0.775”

Redundancy Check ρ=1.0, Ax=1.0

Page 60



Preliminary Assumptions Made:

• Diaphragm is rigid or semi-rigid in both directions.  Correct

• Torsional irregularity Type 1a occurs in longitudinal direction, but not 
transverse, Correct

• Ax=1.25 assumed. Incorrect, Ax=1.121

• Horizontal irregularity Type 1b does not occur in either direction. Correct, 
however, when checking redundancy, it occurs in the transverse direction 
by the removal of 1 wall.

• No redundancy in both directions, ρ=1.3 Incorrect:
• ρ = 1.0 Longitudinal
• ρ = 1.3 Transverse

Other Design Requirements:
• Drift < allowable

Example Summary
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Current Examples of Mid-rise Analysis-Traditional Method

• APEGBC Technical & Practice Bulletin � Revised April 8, 2015 
“5 and 6 Storey Wood Frame Residential Building Projects (Mid-Rise)”-Based on FPInnovations 
Mechanics Based Approach

• FPInnovations-Website 
”Seismic Analysis of Wood-Frame Buildings on Concrete Podium”, Newfield

• Shiotani/Hohbach Method-Woodworks Slide archive
http://www.woodworks.org/wp-content/uploads/HOHBACH-Mid-Rise-Shear-Wall-and-
Diaphragm-Design-WSF-151209.pdf

• Design Example: ”Design of Stacked Multi-Storey Wood-Based Shear Walls 
Using a Mechanics-Based Approach ”, Canadian Wood Council

Current Examples of Shear Wall Multi-story Effects and Mid-rise Analysis

FPI
MBA

Traditional
+ moment

Traditional

• 2016 WCTE: A Comparative Analysis of Three Methods 
Used For Calculating Deflections For Multi-storey
Wood Shear Walls: Grant Newfield, Jasmine B. Wang

• FPInnovations-Website 
”A Mechanics-Based Approach for Determining Deflections of Stacked 
Multi-Storey Wood-Based Shear Walls”, Newfield

NEW

http://www.woodworks.org/education/online-seminars/

• Thompson Method-Woodworks Website
Webinar

http://www.woodworks.org/wp-content/uploads/5-over-1-
Design-Example.pdf

Paper

Current Examples of Mid-rise Analysis-Mechanics Based Approach

• SEAOC/IBC Structural Seismic Design Manual, Volume 2. 2015. Structural Engineers 
Association of California. Sacramento, CA

Not currently addressed 
or required by code

http://www.woodworks.org/wp-content/uploads/HOHBACH-Mid-Rise-Shear-Wall-and-Diaphragm-Design-WSF-151209.pdf
http://www.woodworks.org/education/online-seminars/
http://www.woodworks.org/wp-content/uploads/5-over-1-Design-Example.pdf
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Tall Wall Deflection

α1

θ𝟏

∆1

α2

θ2

∆2

+

θ3

∆3

+
α3

θ4

∆4

+
α4

∆5

+
𝜽𝟏 𝑯𝟐 +𝑯𝟑

𝜽𝟏 𝑯𝟐

𝜽𝟏 𝑯𝟐 +𝑯𝟑 +𝑯𝟒

𝜽𝟏 𝑯𝟐 +𝑯𝟑 +𝑯𝟒 +𝑯𝟓

+α𝟏
(𝑯𝟏 +𝑯𝟐)

𝑳𝒊

α1

α𝟏
𝑯𝟏
𝑳𝒊

α𝟏
(𝑯𝟏 +𝑯𝟐)

𝑳𝒊

Deflection-Bending Deflection-Wall rotation)

𝐈𝐧𝐜𝐥𝐮𝐝𝐞𝐝 𝐢𝐧 ∆𝟏

translates to top translates to top

(Wall rotation)

+ +

+Rotation

+α𝟏
(𝑯𝟏 +𝑯𝟐+𝑯𝟑)

𝑳𝒊

+α𝟏
(𝑯𝟏 +𝑯𝟐+𝑯𝟑 +𝑯𝟒)

𝑳𝒊

+α𝟏
(𝑯𝟏 +𝑯𝟐+𝑯𝟑 +𝑯𝟒 +𝑯𝟓)

𝑳𝒊

∆𝒊=
∑𝑴𝒊𝑯𝒊

𝟐

𝟐 𝑬𝑰 𝒊
+ ∑𝑽𝒊 𝑯

𝟑

𝟑 𝑬𝑰 𝒊
+ 𝑽𝒊𝑯𝒊
𝑮𝒗,𝒊𝒕𝒗,𝒊

+ 0.75𝑯𝒊𝒆𝒏,𝒊 +
𝑯𝒊
𝑳𝒊
𝒅𝒂,𝒊 + 𝑯𝒊 ∑𝒋�𝟏𝒊�𝟏 𝑴𝒋𝑯𝒋

𝑬𝑰 𝒋
+

𝑽𝒋𝑯𝒋
𝟐

𝟐 𝑬𝑰 𝒋
+ 𝑯𝒊 ∑𝒋�𝟏𝒊�𝟏 𝒅𝒂,𝒋

𝑳𝒋

Note:
Increased wall flexibility can 
increase the period of the 
building, lowering the seismic 
force demands.
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