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Part 3 – A Design Example: 

A sample problem will be run from start to finish, using a basic plane frame analysis program that is similar to 
STAAD, as well as MASTAN2, an open-source program.  A 16” wide sec�on of panel will be used for simplicity.  
There are two 3” thick concrete wythes with 3” thick insula�on between.  The panel will be supported at the top 
(roof) and base (founda�on).

 

Width = 16”, length = 368”, view from top-in-form (screed face). 

 

3.1  Ini�al run input: 

Reinforcing consists of 3/8” diameter strands at 16” o.c. top and botom.  These 270 ksi “lo-lax” strands are 
stressed to 75% pull.  Concrete F’c = 6000 psi.  Wythe connectors are spaced at 16” o.c.  Connector Fe = 2.0k 
each, Δe = 0.06”, Fu = 4.0k each and Δu = 0.20”.  Based on these values, Ke = 33.33 k/in and Kie = 14.29 k/in. 

 



Wind load is 40 psf, or 53.3 plf in suc�on.  A gravity load is applied at 
8” below the roof level, with a 6” eccentricity from the inside face of 
wall.  The gravity load is assumed to transfer to both wythes through 
reinforcing. 

The load case to be examined is from ACI 318-19 5.3.1d, Dead + Wind 
+ Live + Roof.  Load factors are: 1.2*Dead + 1.0*Wind + 0.5*Roof (there 
is no Live load in this example).  The applied gravity load consists of 2k 
Dead (1.5 klf) + 2k Roof (1.5 klf).  The factored reac�on would then be 
1.2*2.0 + 0.5*2.0 = 3.4k total. 

 

 

  Input file for initial run: 

Numbered joints (or nodes) and 
member elements for design 
example: 

 

Members 1-48 represent the two 
concrete wythes.  Members 49-71 
denote the wythe connectors.  
Members 72 and 73 are used to link 
to the pinned rocker support at the 
base (joint 51).  Joint 50 at the top 
of panel (368”) provides the �eback 
connec�on to the roof. 

Member Proper�es:  Concrete 
wythe area is 48 in2, Moment of 
Iner�a, I = bd3/12 = 16*33/12 = 36 
in4.  The Modulus of Elas�city, E = 
57.619*Sqrt(6000) = 4463 ksi.  It is 
modified by two factors.  First, it is 
mul�plied by Φk = 0.875 and then 
divided by 1+ βd, where βd = 0.1 for 
mostly wind load.  (See ACI 318-19, 
R6.6.4.4.4 and R6.7.1.1.)  Therefore 
the concrete E = 4463*0.875/1.1 = 
3550 ksi for the ini�al run. 

 

 

For the wythe connector proper�es, Area is somewhat arbitrarily set to 1.0 in2, since we do not need to find the 
connector axial tension.  Connector Modulus of Elas�city, E is set to 4350 ksi, assuming a glass fiber connector.  
Moment of Iner�a, I, is calculated from the connector elas�c s�ffness determined by double-shear tests.  In this 
case, Ke = 33.3 k/in.  An example of this calcula�on can be found in Part I of this Design Guide, Sec�on 1.7.2 
“Member Proper�es”.  Using E = 4350 ksi, I = V*l3/12/E/Δ = 33.3*63/12/4350/1 = 0.1378 in4. 



Members 72 and 73 are simply rocker components, so are set to be extremely s�ff.  They are pinned where they 
join the concrete wythes in order to avoid transmi�ng any unwanted moments to the wythes. 

Joint Loads:  Since the bearing connec�on can transfer load to both wythes, sta�cs can be used to determine the 
force applied to each wythe.  The eccentricity of the load to the inner wythe is 6” + 3”/2 = 7.5”.  The moment 
induced is 3.4k*7.5” = 25.5k-in.  To balance, the outer wythe tension is therefore 25.5k-in/6” = 4.25k in tension.  
The inner wythe compression is 4.25+3.4 = 7.65k. 

Member Loads:  The selfweight of the concrete wythes can be found as follows.  150 pcf/1728 in3 = 0.0868 pci 
(pounds per cubic inch).  48 in3*0.0868*1.2/1000 = 0.005 k/in (with 1.2 load factor applied).  Wind load is 53.33 
plf / 1000/ 12 which becomes 0.004444 k/in. 

3.2  Ini�al Run Output: 

:  

  



 

 

The ini�al panel node deflec�ons are harvested from this run to use as input for the PΔ runs.  The maximum 
displacement occurs at Joint 13, 1.11” outward due to wind suc�on. 

3.3  PΔ Deflec�ons: 

As covered in Part II, PΔ loads consist of gravity loads only, all of which are applied concentric to the compression 
wythe, the inner wythe in this case.  The base rocker is replaced by a pinned support at the botom of the inner 
wythe.  Self-weight from both wythes is applied to the inner wythe only (0.005 k/in * 2 = 0.01 k/in).  βd = 0.809 
for the concrete modulus of elas�city, E, for mostly sustained loads.  Therefore, E = 4463*0.875/(1+0.809) = 2159 
ksi for the PΔ runs. 

The outer wythe is just along for the ride.  The resultant PΔ deflec�on is added to the ini�al deflec�on and the 
run is repeated un�l convergence is achieved.  In this case it took three runs.  Final maximum deflec�on is 1.346” 
at Joint 13.  



PΔ Deflec�ons 

 



3.4  Final run: 

The deflec�on output from the third PΔ run is used as input for the Final Run: 

 



 

 

 

Note that the modulus of elas�city, E, is set back to 3550 
ksi for mostly wind load (βd = 0.1). 

3.5  The three ul�mate strength checks: 

The Final Run forces and moments are used to find wythe stresses, connector slip, and panel capacity. 

Find the maximum wythe tension stress:  First, find the final prestress stress.  Fpu = 270 ksi, percent pull = 75%, 
losses = 12.3%, and strand area = 0.083 in2.  Fps = 270*0.75*0.083*(100-12.3)*10/3/16 = 307 psi. 

At the outer wythe member 14, Pu =10.90k in tension and Mu = 10.19k”.  Wythe sec�on modulus = 16*32/6 = 24 
in3.  Outer stress, fo = (10.9/3/16 + 10.19/24)*1000 – 307 psi = 345 psi net tension at the extreme fiber.  Cracking 
stress is 7.5 √ f’c = 581 psi > 345 psi, so our assump�on to use gross, uncracked wythe sec�on proper�es is valid.  
If the member was not prestressed, then 5 √ f’c (387 psi) would be the tension limit for using gross proper�es, 
per ACI 318-19, 24.2.3.5. 

Check 1:  Find the maximum wythe connector slip:  Members 49 through 71 represent the wythe connectors.  
Maximum connector shear was found at Member 49, equaling 1.765 kips.  In Part I, Sec�on 1.7.2, the equa�on 
for connector moment of iner�a (I) was found to be I = Vl3/12EΔ.  Rearranging this equa�on to find the slip, Δ, 
yields Δ = Vl3/12EI = 1.765*63/12/4350/0.1378 = 0.053”.  Maximum elas�c slip is 0.06”, so our assump�on to use 
elas�c s�ffness for the wythe connectors is valid.  Maximum connector shear needs to stay below 0.75*Fu, per 
the PCI 150 Standard:  0.75*4.0 = 3.0k > 1.765k, ok. 



Check 2:  Check tension wythe flexural capacity:  Here we’ll use a simplified procedure instead of a strain 
compa�bility analysis, since there is no net compression.  Prestress strand capacity, Pn = # strand * strand area * 
fps – Pu  = 1*0.083in2*260ksi – 10.9k = 10.7k.  The compression block centroid, a = Pn/ β1/f’c/b, where β1 = 0.75 
for 6000 psi concrete (see ACI 318-19 Table 22.2.2.4.3), and b is the member width.  Therefore, a = 10.7k/ 
0.75/6.0ksi/16” = 0.15”.  ΦMn = Φ*Pn*(d – a/2), where d is the distance from the strand centroid to the extreme 
fiber of the sec�on.  ΦMn = 0.9*10.7k*(1.5” – 0.15”/2) = 13.7k” > Mu = 10.19k”.  Therefore, wythe flexural 
capacity is not exceeded.  Flexural reserve = 1 – 10.19/13.7 = 26%. 

Check 3:  Check tension wythe maximum axial tension:  For par�al-composite truss ac�on to be valid, the 
tension chord axial force should not exceed the capacity of the chord reinforcing.  From the Final Run, Pu = 10.9k 
at Member 14.  ΦTn = Φ*Aps*fse, where fse is the effec�ve stress in the prestressing strand a�er all losses.  Per 
ACI 318-19, 22.4.3.1 and 23.7.2.1, fse can be taken as: %Pull*fpu*(1-%loss) + Δfp = 0.75*270ksi*(1 – 0.123) + 
60ksi = 238ksi.  ΦTn = 0.9*0.083*238 = 17.8k > Pu = 10.9k, ok.  Axial tension reserve = 1 – 10.9/17.8 = 39%. 

In conclusion, the three ul�mate strength checks have been sa�sfied, so this panel has adequate capacity for the 
applied loads. 

 

3.6  Check results against LECWall: 

An iden�cal design was run using the LECWall so�ware.  LECWall is a commercial program that uses the beam-
spring method for insulated wall panel design.   

 

  



 

  



 

  



 

  



 

  



 

 

 



 

Compare LECWall to manual calcula�on:    Manual Check         LECWall  MASTAN2* 

Maximum extreme fiber flexural tension stress, psi: 345  348      316^ 

Maximum deflec�on, in:    1.35  1.33      1.35 

Maximum connector slip, in:    0.053  0.053 (Suc�on)     0.055 

Wythe maximum moment, k-in:    10.19  10.31      9.87 

Wythe flexural capacity, k-in:    13.70  13.24     13.70 

Wythe maximum axial tension, k:   10.90  10.82     11.30 

Wythe axial tension capacity, k:    17.8  17.8     17.8 

The manual analysis results correlate well with the LECWall run.  LECWall divides the connector s�ffness into 100 
nodes for ease and consistency of analysis.  This could be one source of the minor differences.  LECWall uses 
strain compa�bility to find flexural capacity, vs the simplified method used for the manual calcula�on.  Insula�on 
effects are not included, as they would act in compression only, which is difficult to model.  The insula�on effect 
can provide addi�onal s�ffness which is not accounted for with either method. 

 

*MASTAN2 is a popular open-source frame analysis program with built-in 2nd order (PΔ) analysis.  The modulus 
of elas�city was modified using a βd of 0.6, per ACI 318-19 R6.6.4.4.4.    Connector slip Δ = Vl3/12EI = 
1.84*63/12/4350/0.1378 = 0.055”.  At the outer wythe member 12, Pu =10.86k in tension and Mu = 9.51k”.  
Wythe sec�on modulus = 16*32/6 = 24 in3.  Outer stress, fo = (10.86/3/16 + 9.51/24)*1000 – 307 psi = 316 psi 
net tension at the extreme fiber. 

^The lower wythe moment and flexural stress with MASTAN can be explained by the use of a higher βd 
coefficient.  The MASTAN run uses an average βd = 0.6 for 2nd order analysis, while the LECWall and manual 
checks used a lower βd of 0.1 for the final run, assuming mostly wind load.  A higher βd lowers the wythe’s 
effec�ve modulus of elas�city, atrac�ng less moment and flexural stress to the wythes.  To be conserva�ve, one 
could run the MASTAN 2nd order analysis a second �me with βd = 0.1, to find maximum wythe moment and 
stresses only.  Doing so yields a stress of 340 psi, much closer to the other analyses.  The previous MASTAN 2nd 
order analysis, using βd = 0.6, would be used to find maximum deflec�on and wythe axial tension. 

The MASTAN2 sample run and printouts can be found at htps://www.loschso�.net/beam-spring.html. 

 

  

https://www.loschsoft.net/beam-spring.html


MASTAN2 run: 

 


