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AISI S400 Ballot MS20-20A – Passed Ballot!

&Ω# =
Ω&𝑣$ + 𝑣'($()*

𝑣$
≤ max(𝜙Ω! , 2 − 𝜙

System Ω𝑏 𝑣𝑛 𝑣𝑓𝑖𝑛𝑖𝑠ℎ 𝜙 Ω𝑜
WSP 1.1 Table E1.3-1 Mean shear strength/unit 

length of finish, not less than 
0.1𝑣𝑛

0.6 3

SS 1.1 Table E2.3-1 or Section 
E2.3.1.1.1

Mean shear strength/unit 
length of finish, not less than 
0.1𝑣𝑛

0.6 3

Strap-braced 𝑅𝑦 Eq. E3.3.1-1/𝑤 Mean shear strength/unit 
length of finish, not less than 
0.2𝑣𝑛

0.9 1.8
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0.9 1.8

bias in mean tested strength over nominal specified strength (from database)
additive model for finish systems, borne out in the data

lateral strength of finish, guidance provided in commentary

same upperbounds as AISI S400-15 
supplement and result in 1.8

Nearly always some finish, so don’t let engineer 
just set to zero, lots of scatter on bias anyway. 

strap-braced walls have more bias than just yielding of 
the strap, captured here with larger minimum value.



Bias factor from data
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This brief resource paper provides technical details to document supporting work for an 
American Iron and Steel Institute (AISI) Committee on Framing Standards (COFS) ballot for 
predicting the expected strength of cold-formed steel-framed sheathed shear walls and strap-
braced walls. The work has been documented in a series of presentations to the AISI COFS and 
to a Project Monitoring Task Group for the related project. However, there is not yet a formal 
paper and report for the effort due to the time critical deadlines for the project. This memo is 
intended to provide some formal documentation in addition to the ballot proposed to AISI S400. 
 
The primary method for evaluation of shear wall expected strength has been the application of a 
database of cold-formed steel shear wall tests. A series of conference papers describe the shear 
wall database, other work that has utilized the database, and include reference to all material 
collected in the database (Ayhan et al. 2018, Haghpanah and Schafer 2019, Zhang et al. 2019). 
The version of the Shearwall Database for this memo is recorded internally as version 5, and last 
saw minor updates on 8 April 2020. 
 
Cold-Formed Steel Framed Shear Walls without Finish 
To determine the expected strength we first assessed the mean bias (i.e., mean overstrength) of 
the tested shear wall strength vs. the nominal strength as calculated per AISI S400-15/S1-16 for 
walls without any finish. Only tests that met the detailing requirements of AISI S400 were 
included in the comparison. Only cyclic test results were included in the comparison. Zhang et 
al. (2019) provides more detailed breakdowns and discussion. Here we provide the simple 
ensemble statistics, first for the shear walls, in Table 1. 
 

Table 1 Ensemble peak test to nominal strength comparisons for cold-formed steel framed sheathed shear walls without finish 

 ௧ܸ௦௧/ ܸ 
Sheathing mean COV n 
Wood Structural Panel (WSP) 1.14 0.15 62 
Steel Sheet (SS) 1.16 0.20 60 

The mean bias in the test-to-nominal strength ratio for strap-braced walls must be treated with 
slightly more care as one must also consider the known expected strength of the strap material 
that is yielding, i.e. ܴ௬ Fy in AISI S400. The summary statistics are provided in Table 2. 
 

 

 2 

Table 2 Ensemble peak test to nominal strength comparisons for strap-braced cold-formed steel framed shear walls without finish 

 ௧ܸ௦௧/ ܸ 
 mean COV n 
Strap braced wall (ܨ௬=33ksi, 228MPa) 1.51 0.16 26 
Strap braced wall (ܨ௬=50ksi, 345MPa) 1.38 0.21 14 
 ௬ܨ/௬ܨ 
 mean COV n 
Strap from wall (ܨ௬=33ksi, 228MPa) ܴ௬=1.5 1.39 0.08 22 
Strap from wall (ܨ௬=50ksi, 345MPa) ܴ௬=1.1 1.11 0.05 13 
 ௧ܸ௦௧/(ܴ௬ ܸ) 
 mean COV n 
Strap braced wall (ܨ௬=33ksi, 228MPa) 1.01 0.23 26 
Strap braced wall (ܨ௬=50ksi, 345MPa) 1.25 0.22 14 

 
Strap yielding is the fundamental mechanism in the response. From Table 2 we observe that the 
bias in strap yielding is well captured by ܴ௬, but there is still substantial overstrength in the walls 
tested with ܨ௬=50ksi (345MPa) straps (mean ௧ܸ௦௧/(ܴ௬ ܸ)=1.25). The strap-braced walls for 
 ௬=50ksi (345MPa) were all tested by Rogers and generally included large gusset plates at theܨ
corners resulting in fully engaging frame action of the walls, it is hypothesized that the gusset 
plates and resulting frame action are the primary source of the additional capacity in this system. 
 
Impact of Finish Systems 
Finish on a shear wall (gypsum board, EIFS, etc.) can substantially increase the peak strength. In 
the U.S., AISI S400 does not account for this increased capacity in nominal strength. However, 
the expected strength, which is utilized to ensure capacity protection of the energy dissipating 
mechanism should account for this probable overstrength. Shear wall test data on cold-formed 
steel framed shear walls with finish exists, but is relatively limited. Table 3 provides the 
ensemble statistics on tested shear walls in the Shearwall Database that include finish. Both 
monotonic and cyclic tests have been included in the statistics of Table 3. 
     

Table 3 Ensemble statistics for cold-formed steel framed sheathed shear walls with finish 

 ௧ܸ௦௧/ ܸ 
Sheathing mean COV n 
Oriented Strand Board (OSB) + Gypsum Board 1.58 0.11 8 
Strap braced wall1 + 1 layer Gypsum Board 1.28 0.02 4 
Strap braced wall1 + 2 layer Gypsum Board 1.49 0.11 12 
 ௧ܸ௦௧/(ܴ௬ ܸ) 
Strap braced wall1 + 1 layer Gypsum Board 1.16 0.02 4 
Strap braced wall1 + 2 layer Gypsum Board 1.35 0.12 12 

1. strap ܨ௬=50ksi (345MPa), ܴ௬=1.1 
 
The provided strength statistics show that finish can provide a substantial contribution to the 
observed strength in a shear wall or strap-braced wall test. However, the provided strength 
statistics present a potentially misleading picture of the impact of gypsum board finish. In all 

WSP and SS Strap-braced



Additive model
𝑣# = Ω&𝑣$ + 𝑣'($()*

𝑣'($()* = 𝑣+,- = 520 − 25𝑠 (plf), where 𝑠 = perimeter fastener spacing (in.)
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Exploration of additive strength model for shear walls with finish 
It is hypothesized that the expected strength, ݒ, can be adequately predicted by adding the 
isolated strength of the finish to that of the “bare” system without finish. This is expressed 
simply as: 
 
ாݒ  = ȳݒ +  ௦ (2)ݒ
 
where, ȳ is the expected strength increase of the system without finish which is ~ 1.1 for WSP 
and SS sheathed shear walls per Table 1, and ȳ = ܴ௬ is selected for strap-braced shear walls, 
though  based on the data of Table 2 a larger value could be potentially justified1; ݒ is the 
nominal strength from AISI S400; and, ݒ௦ is the strength of the gypsum per the previous 
section. The expression may be multiplied times by the wall length ݓ to be expressed in terms of 
force ( ܸ) instead of force/length (ݒ).  
 

Table 6 Ensemble statistics for cold-formed steel framed sheathed shear walls with finish 

 ௧ܸ௦௧/ ܸ 
Sheathing mean COV n 
Oriented Strand Board (OSB) + Gypsum Board 1.00 0.08 8 
Strap braced wall1 + 1 layer Gypsum Board 0.93 0.02 4 
Strap braced wall1 + 2 layer Gypsum Board 1.02 0.03 12 
Strap braced wall1 + Gypsum (All cases) 1.00 0.05 16 

1. strap ܨ௬=50ksi (345MPa), ܴ௬=1.1 
 
It is worth noting that the strap-braced wall studies primarily rely on Lu (2015) – and in their 
work an additive model for strength was recommended. The Lu (2015) strap-braced walls also 
considered gypsum board layer(s) installed to resilient channels – the strength increase in this 
condition was assumed to be zero in the statistics of Table 6, an assumption borne out by the 
reliability of the ௧ܸ௦௧/ ܸ ratio and also recommened in Lu (2015). The available data suggests 
that the additive model, as presented, is a reasonable predictor of expected strength. 
 
Consideration of data not in the Shearwall Database  
Mohebbi et al. (2016) tested a small series of cold-formed steel framed steel sheet sheathed shear 
walls with and without gypsum board and fiber cement board. The ratio of tested strength to 
strength of the steel sheet sheathing without finish ranged from 1.18 for a single-sided gypsum 
finish on the opposite side from the steel sheet to 1.79 for fiber cement board added on both sides 
of the shear wall. The gypsum board added 267 lbf/ft (3.9 kN/m) when installed on the opposing 
side from the steel sheet and 267+390 lbf/ft (3.9+5.7 kN/m) when added on both sides. Fastener 
spacing for the gypsum board was at 8 in. (200 mm) and the observed added strength is well 
within the expected scatter of Figure 1. The fiber cement board added 452 lbf/ft (6.6 kN/m) 
installed on the opposite face and 452+705 lbf/ft (6.6+10.3 kN/m) installed on both faces of the 
wall. Addition of the gypsum or fiber cement board sheathing over the steel sheet sheathing 

 
1 To account for frame action in walls with narrow aspect ratio the AISI S400 commentary provides a model for 
strap-braced walls assuming the stud-to-track connection is fully fixed. This model could be extended to provide a 
revised overstrength for strap-braced walls, but requires additional analysis and effort that may be unnecessary for 
walls with finish applied.  

Comparison to data in shear wall database



Strength of finish systems (gypsum board)

• For multiple layers simply add them up
• If unblocked used 0.35 reduction as already in AISI S400
• If attached to resilient channel assume no contribution
• OK to extend from 1/2 to 5/8 in. board
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Table 8 Nominal shear strength (ݒ) per unit length for gypsum one-sided sheathed shear walls a) lbf/ft b) kN/m 

Assembly Max aspect 
ratio 

Perimeter fastener spacing (in.) Stud and track 
(mils) Screw 12 8 7 6 4 

½ in. gypsum; studs max. 24 
in. o.c. 2:1 220 320 345 370 420 33 #6 

 

Assembly Max aspect 
ratio 

Perimeter fastener spacing (mm) Stud and track 
(mils) Screw 300 200 175 150 100 

12.5 mm. gypsum; studs max. 
600 mm o.c. 2:1 3.2 4.7 5.0 5.4 6.1 33 #6 

 
Multiple layers or multiple sides of gypsum board may be approximated by adding the strength 
of each board. If the gypsum board is not blocked the strength reduction factor of 0.35 utilized in 
AISI S400-15 E5.4.1.1(t) is recommended. If the gypsum board is isolated through attachment to 
resilient channels it is recommended to ignore any contribution from the gypsum board 
(consistent with observations here and Lu (2015)). The values provided here, developed for ½ in. 
(12.5 mm) gypsum board, may reasonably be extended to 5/8 in. (16 mm) gypsum board.   
 
For EIFS systems, as reported herein, in one study across 4 tests, the estimated strength increase 
for a layer of fully finished EIFS was 746 lbf/ft (10.9 kN/m). ASCE 41-17 recommends a value 
of 150 lbf/ft (2.2 kN/m) for plaster on metal lath over cold-formed steel framing. In addition, 
ASCE 41-17 Table 12-1 for wood framing recommends 350 lbf/ft (5.1 kN/m) for stucco, 70-500 
lbft/ft (1.0-7.3 kN/m) for wood siding, and 80-400 lbf/ft (1.2-5.8 kN/m) for gypsum plaster.   
 
Example (Imperial Units only) 
Consider a 12 ft long single-sided steel sheet sheathed shear wall with 0.030 in. sheet fastened at 
4 in. on its perimeter. Relevant finish for the well is ½ in. gypsum fastened at 12/12 to both sides. 
On the interior face, without the steel sheet, the gypsum board is run perpendicular to the studs 
and unblocked. Determine the expected strength factor ȳா for capacity-based design. 
  

ȳா =
ȳݒ + ௦ݒ

ݒ
 max (߶ȳ , 2 െ ߶) (5) 

 
ȳ=1.1 for SS [Table 7] 
 =1170 lbf/ft per S400-15/S1-16, Table E2.3-1ݒ
 [Table 8] (=117 lbf/ftݒnote, OK b/c > 0.1) ௦=220 lbf/ft + 0.35(220) lbf/ft = 297 lbf/ftݒ
max(߶ȳ , 2 െ ߶) = max(0.6 ή 3,2 െ 0.6) = 1.8  
 

ȳா =
1.1 ڄ 1170 ݐ݂݂ܾ݈ + 297 ݐ݂݂ܾ݈  

1170 ݐ݂݂ܾ݈
 1.8 (6) 

 
ȳா = 1.35 (7) 
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considered that the exceedance probability of the upperbound capacity (:EVn) should be 
the same as the lowerbound failure probability, assuming a symmetrical probability 
distribution. This implies: :EVn = Vn+ (Vn -IVn), or :E = 2 - I. Thus, an upperbound is 
established that :E=max(I:o, 2 - I). This upperbound is applied in this Standard when 
additional information is unavailable for determination of :E.”  

 
For the SS and WSP sheathed shear walls ߶=0.6, ȳ = 3, and the resulting ȳா upperbound is 
1.8. For the strap-braced walls ߶=0.9, ȳ = 2, and the resulting ȳா upperbound is again 1.8. It is 
recommended that these upperbounds be maintained in any new expected strength provisions. 
 
 
Recommendation for AISI S400 
Based on the analysis herein the following is recommended for the expected strength factor: 
 

ȳா =
ȳݒ + ௦ݒ

ݒ
 max (߶ȳ , 2 െ ߶) (3) 

 
Table 7 Parameters for expected strength factor determination 

System ȳ ݒ ݒ௦ ߶ ȳ 
WSP 1.1 Table E1.3-1 Mean shear strength/unit length of 

finish, not less than 0.1ݒ 
0.6 3 

SS 1.1 Table E2.3-1 or Section 
E2.3.1.1.1 

Mean shear strength/unit length of 
finish, not less than 0.1ݒ 

0.6 3 

Strap-
braced 

ܴ௬ Eq. E3.3.1-1/ݓ Mean shear strength/unit length of 
finish, not less than 0.2ݒ 

0.9 1.8 

 
The lowerbounds on ݒ௦ are based on judgment, in that all walls must be finished and any 
additional attachment tends to add some strength. The lower-bound value for strap-braced walls 
is set higher than WSP or SS to recognize that the strength of bare strap-braced walls commonly 
exceeded ܴ௬ for ܨ௬=50 ksi (345 MPa) strap as shown in Table 2. (Though it is noted from Table 
6 that walls with strap and gypsum finish did not require ȳ to be greater than ܴ௬). 
 
Definitive strength predictions for finish systems are not widely available. Engineers must 
exercise judgment; however, some guidance is possible. For a single layer of 1/2 in. (12.5 mm) 
gypsum board attached on its perimeter to the stud and track of a shear wall, or to strapping in-
line blocked in the wall Eq. 4a/4b or Table 8 are recommended.  
 

௬ݒ = 520 െ  (lbf/ft) ݏ25
s = perimeter fastener spacing (in.) 

(4a) 

 
௬ݒ = 0.0146[520 െ  (kN/m) [(25.4/ݏ)25

s = perimeter fastener spacing (mm) 
(4b) 

 

Developed from available data:



Strength of finish systems (other)
Type strength source

EIFS 746 lbf/ft CFS-NHERI wall line tests

Plaster on metal lath over 
CFS framing

150 lbf/ft ASCE 41-17 Chapter 9

Stucco* 350 lbf/ft ASCE 41-17 Table 12-1

Wood siding* 70-500 lbf/ft ASCE 41-17 Table 12-1

Gypsum plaster* 80-400 lbf/ft ASCE 41-17 Table 12-1
*values reported for finish over wood framing



Example
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for a layer of fully finished EIFS was 746 lbf/ft (10.9 kN/m). ASCE 41-17 recommends a value 
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lbft/ft (1.0-7.3 kN/m) for wood siding, and 80-400 lbf/ft (1.2-5.8 kN/m) for gypsum plaster.   
 
Example (Imperial Units only) 
Consider a 12 ft long single-sided steel sheet sheathed shear wall with 0.030 in. sheet fastened at 
4 in. on its perimeter. Relevant finish for the well is ½ in. gypsum fastened at 12/12 to both sides. 
On the interior face, without the steel sheet, the gypsum board is run perpendicular to the studs 
and unblocked. Determine the expected strength factor ȳா for capacity-based design. 
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ȳݒ + ௦ݒ

ݒ
 max (߶ȳ , 2 െ ߶) (5) 

 
ȳ=1.1 for SS [Table 7] 
 =1170 lbf/ft per S400-15/S1-16, Table E2.3-1ݒ
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ȳா = 1.35 (7) 

 
  



Seismic deflection calculations
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work in progress..



Cd Background – Elastic Response and ELF



Cd Background – Inelastic Response and ELF



Objective and discussion

• We want to predict the correct nonlinear drift
• Using the nonlinear response curve and multiplying times Cd is 

excessively conservative, but what is the correct method?
• Need estimate of the correct nonlinear drift
• Function of first slope, k
• Function of shape of the hysteretic response too..
• Run SDOF time history to establish nonlinear drift
• Then we can determine appropriate k

• Note, this is improved thinking since February meeting, thanks in part
to feedback from C.M. Uang on last presentation; however, work 
remains in progress.



Shear wall experimental Cd (OSB example)
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Conclusions

• Expected strength: we will finalize ballot comments at the meeting in 
a few weeks and we have a new method that gives realistic “relief” 
from overstrength provisions and allows engineers some control over 
the overstrength they are placing into their systems.
• Deflections: we have a clear path forward and have found a PhD 

student to assist with this part of the calculations. Implementation of 
deflection provisions does not have to require code change in this 
cycle, as it is up to the engineer how to use the deflection expressions 
in AISI S400 in coordination with ASCE 7 – expect that we will simply 
be able to give better guidance very soon – then we can update Spec. 
and commentary in time.


