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Via Email:		RPantel@Princeton‐Engineering.com 
 
May 20, 2016 
 
Princeton Engineering 
35091 Paxson Road 
Round Hill, VA 20141 
 
Re:   Johnson Controls, Inc. (JCI) 
 Structural Evaluation for the Proposed PV Carport Project at Laguna Woods Village 
 
Dear Mr. Pantel: 
 
On your behalf, NS Structural Engineering, Inc. (NSSE) performed a site visit with Mr. Howard of JCI on 
March 29, 2016 to the Laguna Woods Village apartment complex located in Laguna Woods, California.  
During our visit, we understood Johnson Controls Inc. (JCI) desires to install a new solar panel racking 
system positively mounted to the structural roof framing elements to generate and provide additional 
electricity to the community.  The purpose of our site visit was to perform a limited review of the roof 
framing capacity of the existing carport structure(s) located throughout the Laguna Woods apartment 
complex sites.   Following is a brief description of the existing carport structures along with a summary of 
our findings.  Figures referenced in the text of this report follow at the end.  
 

Background and Observations 
 
The existing carport structures located at the Laguna Woods Village apartment complex may be an option 
to install a new solar rack system to aid in energy reduction and independence with minimized expenses.  
NSSE was asked to visit and assess the existing condition of the typical carport structure for the new solar 
racking system installation and provide recommendations for cost estimation purposes. 
 
The existing carport is a single-story structure(s) approximately 8 feet in height.  The plan dimensions are 
approximately 60’-8” feet long x 20’-0” feet wide.  The roof structure is comprised of a 20 GA metal 
deck roof spanning to existing 10” x 3.5” x 12 GA Z purlins.  The Z purlins are simply supported with a 
span of 20’-0” feet which are supported by 3.5” diameter steel pipe columns.  The steel pipe columns are 
typically spaced at 11’-6” feet in the transverse direction and 20 feet in longitudinal direction.  The lateral 
resisting framing system (LRFS) are the cantilevered steel pipe columns supported by a concrete caisson 
foundation system.   
 

 
 



	

Findings and Recommendations 
 
At this time, NSSE does not have an overlay drawing of the final solar rack layout on top of the existing 
carport structure roof framing plan.  To address any structural issues and report our findings, we have 
made the following professional assumptions based on information in the (15 sets) as-built drawings 
prepared by FE MacDonald dated circa mid-1960s: 
 

1. Dead load (DL) of solar modules including racking = 2.5 pounds per square feet (psf) 
2. Structural analysis based on the latest building code. 
3. Strength level wind speed = 110 mph and wind exposure C. 
4. Seismic Design Category D 
5. Wind and seismic importance factor = 1.0 
6. Uniform loading (psf) based on dead, live and wind loads 

 
Based on current design code, our findings indicate the overall structure will perform satisfactory under 
vertical downward and lateral loads with the exception of the existing Z purlins.  Under current wind 
design level uplift forces, the existing long span purlins appear to fail in flexural buckling.  We 
recommend the existing Z purlins shall be strengthened by installing an additional track to span between 
these purlins.  A detailed analysis of the Z purlins can be found in the attached calculation.   During this 
phase of work, the study of the existing foundation is beyond the scope of this report and analysis of 
substructure will be excluded.  The next phase will include hand sketch details for the strengthening of the 
Z purlins. 
 
If you have any questions regarding this letter, please do not hesitate to call us. 
 
Sincerely, 
NS STRUCTURAL ENGINEERING, INC. 
 

 
Neal Shah, PE, SE 
Principal Structural Engineer  
	



	

Figure	1.		Site	observation	photos.	



	

	

Figure	2.		Site	observation	photos.	

	

	



	

	

Figure	3.		Site	observation	photos.	
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¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Area      1.8554 in^2   Wt.    0.0063084 k/ft   Width     18.244 in

Ix        28.152 in^4   rx        3.8952 in     Ixy        8.448 in^4
Sx(t)     5.6304 in^3   y(t)      5.0000 in         -17.876 deg
Sx(b)     5.6304 in^3   y(b)      5.0000 in
                       Height    10.0000 in
Iy         4.684 in^4   ry        1.5888 in     Xo        0.0000 in
Sy(l)     1.3579 in^3   x(l)      3.4492 in     Yo        0.0000 in
Sy(r)     1.3579 in^3   x(r)      3.4492 in     jx        0.0000 in
                       Width      6.8983 in     jy        0.0000 in
I1        30.877 in^4   r1        4.0794 in
I2         1.959 in^4   r2        1.0274 in
Ic        32.836 in^4   rc        4.2068 in     Cw        81.230 in^6
Io        32.836 in^4   ro        4.2068 in     J       0.006397 in^4

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Material Type: A572 Grade 50, Fy=50 ksi
Design Parameters:
Lx        20.000 ft     Ly        20.000 ft     Lt        20.000 ft
Kx        1.0000        Ky        1.0000        Kt        1.0000
Cbx       1.0000        Cby       1.0000        ex        0.0000 in
Cmx       1.0000        Cmy       1.0000        ey        0.0000 in
Braced Flange: Top      k              0 k
Red. Factor, R: 0       Lm        20.000 ft

Loads:           P         Mx         Vy         My         Vx
                (k)     (k-in)        (k)     (k-in)        (k)
Entered       0.000    -112.00      1.900       0.00      0.000
Applied       0.000    -112.00      1.900       0.00      0.000
Strength     23.589      48.11     14.201      49.44     18.255

Effective section properties at applied loads:
Ae        1.8554 in^2   Ixe       28.152 in^4   Iye        4.684 in^4
                        Sxe(t)    5.6304 in^3   Sye(l)    1.3579 in^3
                        Sxe(b)    5.6304 in^3   Sye(r)    1.3579 in^3

Interaction Equations
AISI Eq. C5.2.2-1 (P, Mx, My)  0.000 + 2.328 + 0.000 = 2.328 >  1.0
AISI Eq. C5.2.2-2 (P, Mx, My)  0.000 + 2.328 + 0.000 = 2.328 >  1.0
AISI Eq. C3.3.2-1    (Mx, Vy)          0.218 + 0.018 = 0.236 <= 1.0
AISI Eq. C3.3.2-1    (My, Vx)          0.000 + 0.000 = 0.000 <= 1.0

CASE 1
Z purlin check with wind uplift load w/o storage load

OVERSTRESSED,
PURLIN NEEDS TO
BE STRENGTHENED

11Princeton Engineering
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¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Area      2.2451 in^2   Wt.    0.0076334 k/ft   Width     18.077 in

Ix        33.780 in^4   rx        3.8789 in     Ixy       10.060 in^4
Sx(t)     6.7560 in^3   y(t)      5.0000 in         -17.732 deg
Sx(b)     6.7560 in^3   y(b)      5.0000 in
                       Height    10.0000 in
Iy         5.535 in^4   ry        1.5702 in     Xo        0.0000 in
Sy(l)     1.6101 in^3   x(l)      3.4379 in     Yo        0.0000 in
Sy(r)     1.6101 in^3   x(r)      3.4379 in     jx        0.0000 in
                       Width      6.8758 in     jy        0.0000 in
I1        36.996 in^4   r1        4.0594 in
I2         2.319 in^4   r2        1.0163 in
Ic        39.315 in^4   rc        4.1847 in     Cw        95.608 in^6
Io        39.315 in^4   ro        4.1847 in     J       0.011544 in^4

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Material Type: A572 Grade 50, Fy=50 ksi
Design Parameters:
Lx        20.000 ft     Ly        20.000 ft     Lt        20.000 ft
Kx        1.0000        Ky        1.0000        Kt        1.0000
Cbx       1.0000        Cby       1.0000        ex        0.0000 in
Cmx       1.0000        Cmy       1.0000        ey        0.0000 in
Braced Flange: Top      k              0 k
Red. Factor, R: 0       Lm        20.000 ft

Loads:           P         Mx         Vy         My         Vx
                (k)     (k-in)        (k)     (k-in)        (k)
Entered       0.000    -34.000      0.570      0.000      0.000
Applied       0.000    -34.000      0.570      0.000      0.000
Strength     29.260     58.969     24.936     65.154     21.454

Effective section properties at applied loads:
Ae        2.2451 in^2   Ixe       33.780 in^4   Iye        5.535 in^4
                        Sxe(t)    6.7560 in^3   Sye(l)    1.6101 in^3
                        Sxe(b)    6.7560 in^3   Sye(r)    1.6101 in^3

Interaction Equations
AISI Eq. C5.2.2-1 (P, Mx, My)  0.000 + 0.577 + 0.000 = 0.577 <= 1.0
AISI Eq. C5.2.2-2 (P, Mx, My)  0.000 + 0.577 + 0.000 = 0.577 <= 1.0
AISI Eq. C3.3.2-1    (Mx, Vy)          0.012 + 0.001 = 0.013 <= 1.0
AISI Eq. C3.3.2-1    (My, Vx)          0.000 + 0.000 = 0.000 <= 1.0

CASE 2
Z purlin check with wind uplift load w/ storage load

OK
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¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Area      1.8554 in^2   Wt.    0.0063084 k/ft   Width     18.244 in

Ix        28.152 in^4   rx        3.8952 in     Ixy        8.448 in^4
Sx(t)     5.6304 in^3   y(t)      5.0000 in         -17.876 deg
Sx(b)     5.6304 in^3   y(b)      5.0000 in
                       Height    10.0000 in
Iy         4.684 in^4   ry        1.5888 in     Xo        0.0000 in
Sy(l)     1.3579 in^3   x(l)      3.4492 in     Yo        0.0000 in
Sy(r)     1.3579 in^3   x(r)      3.4492 in     jx        0.0000 in
                       Width      6.8983 in     jy        0.0000 in
I1        30.877 in^4   r1        4.0794 in
I2         1.959 in^4   r2        1.0274 in
Ic        32.836 in^4   rc        4.2068 in     Cw        81.230 in^6
Io        32.836 in^4   ro        4.2068 in     J       0.006397 in^4

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Material Type: A572 Grade 50, Fy=50 ksi
Design Parameters:
Lx        19.500 ft     Ly        19.500 ft     Lt        19.500 ft
Kx        1.0000        Ky        1.0000        Kt        1.0000
Cbx       1.0000        Cby       1.0000        ex        0.0000 in
Cmx       1.0000        Cmy       1.0000        ey        0.0000 in
Braced Flange: Top      k              0 k
Red. Factor, R: 0       Lm        19.500 ft

Loads:           P         Mx         Vy         My         Vx
                (k)     (k-in)        (k)     (k-in)        (k)
Entered       0.000     229.00      3.800       0.00      0.000
Applied       0.000     229.00      3.800       0.00      0.000
Strength     23.589     239.62     14.201      49.57     18.255

Effective section properties at applied loads:
Ae        1.8080 in^2   Ixe       27.226 in^4   Iye        4.182 in^4
                        Sxe(t)    5.3237 in^3   Sye(l)    1.2426 in^3
                        Sxe(b)    5.5724 in^3   Sye(r)    1.1838 in^3

Interaction Equations
AISI Eq. C5.2.2-1 (P, Mx, My)  0.000 + 0.956 + 0.000 = 0.956 <= 1.0
AISI Eq. C5.2.2-2 (P, Mx, My)  0.000 + 0.956 + 0.000 = 0.956 <= 1.0
AISI Eq. C3.3.2-1    (Mx, Vy)          0.913 + 0.072 = 0.985 <= 1.0
AISI Eq. C3.3.2-1    (My, Vx)          0.000 + 0.000 = 0.000 <= 1.0

CASE 3
Z purlin check with gravity load w/o storage load

OK
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¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Area      2.2451 in^2   Wt.    0.0076334 k/ft   Width     18.077 in

Ix        33.780 in^4   rx        3.8789 in     Ixy       10.060 in^4
Sx(t)     6.7560 in^3   y(t)      5.0000 in         -17.732 deg
Sx(b)     6.7560 in^3   y(b)      5.0000 in
                       Height    10.0000 in
Iy         5.535 in^4   ry        1.5702 in     Xo        0.0000 in
Sy(l)     1.6101 in^3   x(l)      3.4379 in     Yo        0.0000 in
Sy(r)     1.6101 in^3   x(r)      3.4379 in     jx        0.0000 in
                       Width      6.8758 in     jy        0.0000 in
I1        36.996 in^4   r1        4.0594 in
I2         2.319 in^4   r2        1.0163 in
Ic        39.315 in^4   rc        4.1847 in     Cw        95.608 in^6
Io        39.315 in^4   ro        4.1847 in     J       0.011544 in^4

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Material Type: A572 Grade 50, Fy=50 ksi
Design Parameters:
Lx        19.500 ft     Ly        19.500 ft     Lt        19.500 ft
Kx        1.0000        Ky        1.0000        Kt        1.0000
Cbx       1.0000        Cby       1.0000        ex        0.0000 in
Cmx       1.0000        Cmy       1.0000        ey        0.0000 in
Braced Flange: Top      k              0 k
Red. Factor, R: 0       Lm        19.500 ft

Loads:           P         Mx         Vy         My         Vx
                (k)     (k-in)        (k)     (k-in)        (k)
Entered       0.000     224.00      3.700       0.00      0.000
Applied       0.000     224.00      3.700       0.00      0.000
Strength     29.260     308.86     24.936      65.40     21.454

Effective section properties at applied loads:
Ae        2.2451 in^2   Ixe       33.780 in^4   Iye        5.535 in^4
                        Sxe(t)    6.7560 in^3   Sye(l)    1.6101 in^3
                        Sxe(b)    6.7560 in^3   Sye(r)    1.6101 in^3

Interaction Equations
AISI Eq. C5.2.2-1 (P, Mx, My)  0.000 + 0.725 + 0.000 = 0.725 <= 1.0
AISI Eq. C5.2.2-2 (P, Mx, My)  0.000 + 0.725 + 0.000 = 0.725 <= 1.0
AISI Eq. C3.3.2-1    (Mx, Vy)          0.526 + 0.022 = 0.548 <= 1.0
AISI Eq. C3.3.2-1    (My, Vx)          0.000 + 0.000 = 0.000 <= 1.0

CASE 4
Z purlin check with gravity load w/ storage load

OK
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¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Area      2.2451 in^2   Wt.    0.0076334 k/ft   Width     18.077 in

Ix        33.780 in^4   rx        3.8789 in     Ixy       10.060 in^4
Sx(t)     6.7560 in^3   y(t)      5.0000 in         -17.732 deg
Sx(b)     6.7560 in^3   y(b)      5.0000 in
                       Height    10.0000 in
Iy         5.535 in^4   ry        1.5702 in     Xo        0.0000 in
Sy(l)     1.6101 in^3   x(l)      3.4379 in     Yo        0.0000 in
Sy(r)     1.6101 in^3   x(r)      3.4379 in     jx        0.0000 in
                       Width      6.8758 in     jy        0.0000 in
I1        36.996 in^4   r1        4.0594 in
I2         2.319 in^4   r2        1.0163 in
Ic        39.315 in^4   rc        4.1847 in     Cw        95.608 in^6
Io        39.315 in^4   ro        4.1847 in     J       0.011544 in^4

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯
Material Type: A572 Grade 50, Fy=50 ksi
Design Parameters:
Lx        20.000 ft     Ly        14.000 ft     Lt        14.000 ft
Kx        1.0000        Ky        1.0000        Kt        1.0000
Cbx       1.0000        Cby       1.0000        ex        0.0000 in
Cmx       1.0000        Cmy       1.0000        ey        0.0000 in
Braced Flange: None     k              0 k
Red. Factor, R: 0       Lm        20.000 ft

Loads:           P         Mx         Vy         My         Vx
                (k)     (k-in)        (k)     (k-in)        (k)
Entered       0.000     112.00      1.900       0.00      0.000
Applied       0.000     112.00      1.900       0.00      0.000
Strength     16.174     113.63     24.936      66.66     21.454

Effective section properties at applied loads:
Ae        2.2451 in^2   Ixe       33.780 in^4   Iye        5.535 in^4
                        Sxe(t)    6.7560 in^3   Sye(l)    1.6101 in^3
                        Sxe(b)    6.7560 in^3   Sye(r)    1.6101 in^3

Interaction Equations
AISI Eq. C5.2.2-1 (P, Mx, My)  0.000 + 0.986 + 0.000 = 0.986 <= 1.0
AISI Eq. C5.2.2-2 (P, Mx, My)  0.000 + 0.986 + 0.000 = 0.986 <= 1.0
AISI Eq. C3.3.2-1    (Mx, Vy)          0.131 + 0.006 = 0.137 <= 1.0
AISI Eq. C3.3.2-1    (My, Vx)          0.000 + 0.000 = 0.000 <= 1.0

2

< 1.0,OK

Loads from case 2 of
previous calc's.
phase 2 Calc's
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