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April 5, 2023 
 

 

PROJECT  
 
Fire Station Rehabilitation Project at 141 North Main Street 
 
 

SUBJECT  

 

Fort Bragg Main Street Fire Station 
 
REFERENCES 

 
Exhibit A 2007 Facility Master Plan, Exhibit B 2009 Geotechnical, and Exhibit C Main Street Fire 
Station Seismic Evaluation  
 

 
 

PROJECT RECOMMENDATION SUMMARY 
 
 
Methodology for Analysis: 
 
After reviewing all documents, 2007 Public Facility Master Plan, 2009 Fire Station 
Geotechnical Report, 2009 Fire Station Seismic Evaluation, G/A’s goal is to verify the 
results of the report. Assessments of the buildings were recorded through the following 
means; 
 
1. G/A and Covenant Engineer’s Site Visit of current conditions 
2. Structural Model Calcs from report’s recommendations of structural upgrades 
3. Renovation Cost Estimate 
4. New Construction Cost Estimate 
5. The building that performs structurally the worse, governs the criteria for 

upgrades of the other buildings 
 
Exceptions to this report include; 
 
1. Current conditions of the Station based are on listed reports deficiencies 
2. Investigations of Site did not include exploratory demolition to expose covered 

areas of degradation 
3. Recommendations by G/A are based on the limited information provided and 

experience with buildings of a similar nature. 
4. G/A and its consultants used a means of cost estimating based on known 

conditions and cost estimating by RS Means and G/A’s other cost estimates in a 
similar type.  
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EVALUATION 
 
 Structural: 
 
 The most critical of renovation work to attempt to bring the building to a current level of 

Essential Facility is based on Structural Recommendations. The following is an analysis 
from Covenant Engineers to include summary letter. Calculations at the culmination of 
the report.
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Architectural: 
 
G/A proposes that the current Main Street Fire Station be completely replaced due to its 
high FCI Index number and inability to be renovated to meet Essential Facility 
Requirements, ASCE Standard 31-03.  
 
As stated in the 2007 Public Facility Master Plan the Facility Condition Index can help 
determine the assumption regarding the best Return on Investment and the overall 
condition of the building to meet certain demands as an Essential Facility or ability to 
meet ‘Immediate Occupancy’ following a seismic event, once renovated.  
 
The Grossman Group states one of the Highest Priorities in the Policy Recommendation 
is;  
 

2.    Life and safety deficiencies in the existing Main Fire Station structure 
may result in partial collapse of portions of the main fire station and/or result in 
substantial damage to equipment as a result of a seismic event. Providing 
emergency services after a seismic event is critical to protecting the life and 
safety of the residents of the City of Fort Bragg and if fire equipment is not 
available it will not be possible to provide the required firefighting services. 

 

To measure the viability G/A looked at the FCI; 
 
1. Calculate FCI, Facility Condition Index, which is determined by taking the 
estimated cost to renovate the building divided by the cost of new construction. The 
higher the FCI number the poorer the overall condition of the building. 
2. In 2007, the Grossman Group’s calculation was 46% 
3. G/A incorporated this information into our analysis and created two new cost 
estimates, renovation and new construction. 2023 FCI was 97%. 
 
According to the FCI Index, this number determines that the building should not be 
repaired for two reasons: 
 
1. As defined by the Grossman Group’s Summary of Facility Conditions, a FCI 
higher than 50 indicates that the building can’t economically be renovated. 
2. FCI higher than 50 also indicated that the building has continued to degrade, 
potentially beyond any amount of renovation. Since the time of the Grossman’s Report, 
14 years have elapsed, that also has significantly increased cost of construction for even 
feasibly cost effective renovations. 
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PARAMETERS OF RENOVATION COST ESTIMATE 

 
The main driving factor in the Renovation Cost Estimate is its basic ability to meet ASCE 
31-03 standard requirements for an Essential Facility to serve the community following a 
seismic event. The estimate was derived by two means;  
1. Regarding the structural/seismic renovations  
2. Additional critical Rehabilitation items 
3. Code Requirements and accessibility 

 
The renovation used the cost estimate essential upgrades are associated with the 
information provided in I.L Welty & Associates, Main Street Fire Station Seismic 
Evaluation. This report defines a list of main upgrades to include a lump sum for 
structural Improvements, Soil Grouting, Replacing Roofs, Abatement, Fire Sprinklers and 
Restoration of any finishes disrupted during these upgrades.  
 
 
 
 
 

 
 * Provided from I.L Welty & Associates report 2009 Main Street Fire Station Seismic 
Evaluation 
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CRITICAL REHABILITATION ITEMS/SCOPE OF WORK 
 
 

E Cost Estimate: 
 

G/A evaluated the Project Budgetary Cost Estimate numbers in current day pricing, along 
with investigation of additional, essential renovations, in order of importance.  
 
 

1. Inoperable fire truck door entrances. Both the North and South Wing fire bays 
are substandard widths for entrances. A minimum of 18’ should be allocated for 
each bay.  

2. Waterproofing. The sizable cost to create seismic gaps and close those areas to 
create waterproofing between the three building. Explained later by Structural 
Engineer. 

3. Soil Grouting. Requires replacing a portion, if not all of the slab in certain areas. 
If too much of the slab is replaced, it could not be structurally viable without full 
replacement. 

4. Structural Connections. Primarily in the Roof, Second Floor and Walls 
throughout  

5. Roof Replacement. Structure under all roofing systems will need to be replaced 
due to extensive leaking and wood construction. 

6. Shear Walls. After they are exposed in many areas and finishes will need to be 
replaced too. 

7. Foundations and Hold Downs. Required on both North and South Wing 
8. Missing rooms and inadequate building layout such as the Apparatus rooms, 

Upgraded Restrooms, hose rack and air rack rooms.  
9. Mold Remediation Study. Most Fire Stations are known to have mold due to the 

inadequate ventilation. The International Association of Fire Fighters 
recommend that all stations have humidity control and sufficient ventilation. It 
is worthwhile to have a study done that would address this issue since there 
does not appear to be sufficient ventilation in the station. The HVAC systems are 
in need of upgrading to current energy efficiency standards. 

10. Exhaust Emission Control is not installed. As documented on site and due to the 
age of the Fire Station, there are no systems to control the amount of diesel 
exhaust which is generated. There are two types of documentation which 
outline diesel as a ‘human carcinogen’, Bulletin 50 issued by the National 
Institute of Occupational Safety and Health (NIOSH) and OSHA. Both state 
prolonged exposure to exhaust and diesel particulates increases the risk of 
cardiovascular disease, cardiopulmonary disease, respiratory disease and 
cancer.  

 
This is particularly important issue for the long term safety of the Fire Station’s 
firefighters and labor force since these gases can become trapped in the crew 
quarters, offices and apparatus bays for extended period of times. 
There are three general types of filters 
 

 Engine Exhaust Filters-only exhaust particulate is removed while gases 
aren’t filtered. Cost for a system installed in 2017 was $70,650.  



 

 

 

 

 
 

GUTIERREZ/ASSOCIATES ARCHITECTS           

5701 INTERNATIONAL BLVD, NO 7 

OAKLAND, CA  94621  

O: 510.839.3311 

10 
 

 Local Tailpipe Exhaust Ventilation. This type of system requires the user 
to always attach but can be installed by the user for a reduced 
installation cost. Cost is estimated at $60,000 per system. 

 Dilution Ventilation-Fan exhaust system that moves the contaminated 
air outside and fresh makeup air into the garage through open doors. 
This could be most cost ineffective because of the cost to heat and cool 
the makeup air. 

 
 
Current Code And Accessibility Inadequacies: 

 
The Fire Station must meet all 2022 California Building Codes, along with Title 24 
accessibility requirements. 
 

a. This is the general rule with accessibility upgrades; 
 

If the construction value of the remodel exceeds $161,298, California code requires an 
upgrade to full accessibility compliance for the building entry, path of travel to the area 
of remodel and restrooms serving the remodel.  If the value of construction is less than 
$161,298, then 20% of the value of construction must be spent on accessibility upgrades, 
addressed in the following order: 

 accessible entrance 

 accessible route to area of remodel 

 at least one accessible restroom for each sex 

 accessible drinking fountains, and when possible 

 accessible parking, storage and alarms 

 Elevator to the Second Floor 
 
Based on the estimated cost estimate the renovation will exceed the $161,298 so this will 
require that we make all upgrades.  
 

b. Separate locker rooms, sleeping quarters and bathrooms for men and women. 
In 2019, it was estimated that 10% of the labor force, including career and 
volunteer representatives, are female. This number grows every year. 
 

This information informed the E Cost Estimate to follow. 
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RECOMMENDATION FOR A NEW FIRE STATION 

 
 
Program: 
 
Criteria for determining project requirements is evaluated by the Essential Services Buildings Seismic 
Safety Act of 1986 and Building Codes, specifically the Title 24 Accessibility act. Design and 
Programming will also be decided by the functionality of a Fire Station. Areas that effect the 
programming would include, number of firefighters, number of trucks and uses that effect the 
specific station. Three main areas are required for Fire Stations and include: 

1. Apparatus Bays and Maintenance, vehicle storage, maintenance, repair and supply support 
2. Administration and Training. There must be adequate spaces to educate the staff, such as 

Training, Day Room, Offices, etc. 
3. Living Areas. This area is needed for manning of the Fire Station 24 hours and includes, 

separate sleeping quarters for men and women, gym etc.  
 
Current conditions and functionality of the space must be evaluated before final Program 
is developed. 
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COST 

 
 
N Construction Cost Estimate: 
 
Due to the similar costs of renovation versus new construction, it is the recommendation 
of G/A and its consultants that funding for a new Fire Station be acquired. Designing for 
cost efficiency can be achieved by numerous means. 
 
In a study by the NFPA Research department on Renovation Needs of the US Fire Service, 
there are suggestions on how to reduce costs. 
 
a. Design the building to be rectilinear. More straight forward construction will 
allow for efficient design and construction fees 
 
b. Use of pre-fabricated buildings. The NFPA suggests using wood framed pre-
fabricated, however G/A would counter and suggest steel Pre-fabricated buildings, 
skinned in wood, aluminum siding or stucco would attain a better cost and long term 
building. Typically, wood framed pre-fabricated buildings are used in Housing 
construction. 

 
 
c. Use of City owned demolition teams to deconstruct the Existing Building and 
Site 
 
d. Proposed parameters of a new Fire Station:  

 10,000 to 12,000 sq ft building 

 $100-$150 for metal structure 

 $75-$100 for Architecture Skin 

 $250-$300 for Interior and Finishes 

 $425-$500 sq ft total 
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FINAL SUMMARY  
 

As indicted in the report, after analyzing both the architectural and structural concerns in 
regards to the FCI and existing lateral force resisting systems that the Fire Station has 
most likely degraded beyond any feasible means to meet Essential Facility Requirements.  
 
It is the recommendation of Gutierrez / Associates architects and Covenant Engineers 
that the City of Fort Bragg secure funding not for renovation but for new construction. 
This decision will secure for the City of Fort Bragg a dependable facility to serve the 
community. 

  



||  mail:PO Box 4260,  Bedford, WY  83112  ||  ph:916-838-1973  or 307-883-6515  || 
||  web:covenantengineers.com  ||  email:merritt@covenantengineers.com  || 
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(E) North Front Rm (ASCE 7-16 Table 12.2-1/A9)LRFD Wind Design - MWFRS For:
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ASCE 7-27 Part 2 Enclosed Simple Diaphragm Buildings For:
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(E) North Rear (ASCE 7-16 Table 12.2-1/A9)LRFD Wind Design - MWFRS For:
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���*�	�,��������4����������
���2-.-)�	�,��������5����������
���+1.16�	�,��������7����������

�7������
8��5
!�6,�������.
Load Case Cases Equation
*.689$:�:;<�=:5 > *.68$�:�*.68;:5
+1?+ + +.2*$
+1?>$�,� + +.>*$
+1?>�� > +.>*$�:�*.8*��
+1?)��,� > +.>*$�:�+.1*��
+1?)��,;�=:5 ) +.>*$�:�+.1*���:�*.8*;:5
+1?)#,;�=:5 > +.>*$�:�*.8*;:5
+1?2���=:5 ) +.>*$�:�*.8*���:�;:5
+1?2#�=:5 > +.>*$�:�;:5
+1?8�=:5:)*@:4 > +.22$�:��:5
+1?8�=:5:)*@:4'(� > +.22$�:�>.8*�:5
+1?1�=:5 > *.A*$�:�;:5
+1?1$� + *.A*$
+1?6�=:5:)*@:4 > *.11$�:��:5
+1?6�=:5:)*@:4'(� > *.11$�:�>.8*�:5
+1?+*�� > $�:���
+1?+*# + $
+1?++�� > $�:�*.68��

�����+
VisualAnalysis 12.00.0016 (www.iesweb.com)
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1
2�
3����
2���
�������*����*%����.�.*
+1?+>��=:5:)*@:4 > +.+6$�:�*.6*�:5
+1?+>��=:5:)*@:4'(� > +.+6$�:�+.68�:5
+1?+>;�=:5 > $�:�*.1*;:5
+1?+)���=:5 ) $�:�*.68���:�*.28;:5
+1?+)#�=:5 > $�:�*.28;:5
+1?+2�=:5:)*@:4 > +.+)$�:�*.8)�:5
+1?+2�=:5:)*@:4'(� > +.+)$�:�+.)+�:5
+1?+8�=:5 > *.1*$�:�*.1*;:5
+1?+8$� + *.1*$
+1?+1�=:5:)*@:4 > *.2)$�:�*.6*�:5
+1?+1�=:5:)*@:4'(� > *.2)$�:�+.68�:5
$:� + $
$:��:# > $�:���
��0� + �:���
���
����=:5 + �:5
;����=:5 + ;:5

������.
!���9
��.���
!�.�
$�6� �����. �����
2: �����
2; �����
2<

lb lb lb
*.689$:�:;<�=:5 (B *.*** ?*.*** ?*.***
+1?+ (B *.*** ?*.*** *.***
+1?+*�� (B *.*** ?*.*** *.***
+1?+*# (B *.*** ?*.*** *.***
+1?++�� (B *.*** ?*.*** *.***
+1?+>��=:5:)*@:4 +.1@�#4 *.*** ?*.*** ?*.***
+1?+>��=:5:)*@:4'(� +.1@�#4 *.*** ?*.*** ?*.***
+1?+>;�=:5 (B *.*** ?*.*** ?*.***
+1?+)���=:5 (B *.*** ?*.*** *.***
+1?+)#�=:5 (B *.*** ?*.*** ?*.***
+1?+2�=:5:)*@:4 +.8@�#4 *.*** ?*.*** ?*.***
+1?+2�=:5:)*@:4'(� +.1@�#4 *.*** ?*.*** ?*.***
+1?+8�=:5 (B *.*** ?*.*** ?*.***
+1?+8$� (B *.*** ?*.*** *.***
+1?+1�=:5:)*@:4 (B *.*** ?*.*** ?*.***
+1?+1�=:5:)*@:4'(� (B *.*** ?*.*** ?*.***
+1?>$�,� (B *.*** ?*.*** *.***
+1?>�� (B *.*** ?*.*** *.***
+1?)��,� (B *.*** ?*.*** *.***
+1?)��,;�=:5 (B *.*** ?*.*** ?*.***
+1?)#,;�=:5 (B *.*** ?*.*** ?*.***
+1?2���=:5 (B *.*** ?*.*** ?*.***
+1?2#�=:5 (B *.*** ?*.*** ?*.***
+1?8�=:5:)*@:4 >.*@�#4 *.*** ?*.*** ?*.***
+1?8�=:5:)*@:4'(� >.*@�#4 *.*** ?*.*** ?*.***
+1?1�=:5 (B *.*** ?*.*** ?*.***
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&%%
1
2�
3����
2���
�������*����*%����.�.*
��
�+E +1?6�=:5:)*@:4 *.*** ?62-28>.A*) 6)6*-A.>88 !>?+ 0���
2%'8 ���H�1.A2>�	�,


��H�+.>+6
��
�>E +1?8�=:5:)*@:4 1.A2> ?A+*A-+.>+) 6)6*-A.>88 !>?+ 0��A
2%'8 ���H�1.A2>�	�,


��H�+.>+8

������
�����
!���9
��6,�� ��.��� "44.�� )�6��5
#� !�+�����
#� !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
��
�+E +1?6�=:5:)*@:4 1.A2> 2-*18.>6> +>+16-.)** %>?+ *.2*�(B
��
�>E +1?8�=:5:)*@:4 1.A2> ?8-*+>.+>* +>+16-.)** %>?+ *.2-�(B
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���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
������

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H>.*<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8��5
!�.�
��.���.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ $ ����� CA�E��(� A)8A.)*6 1$%1 ����� �����
E+ �:5 *.*** ?82+>>.2A6 1(CD0(�/EE ?��? *.*** *.***
E+ �� *.*** )6A+.*-- 86-6.8** ?��? *.*** *.***
E+ ;:5 *.*** ?>A>+.186 ?+A>6.A+- ?��? *.*** *.***
E> $ *.*** ?82>A.*)> A)8A.)*6 ?��? *.*** *.***
E> �:5 *.*** 1CA0���AED (CD0(�/EE ?��? *.*** *.***
E> �� *.*** ?)6A+.*-- 86-6.8** ?��? *.*** *.***
E> ;:5 *.*** ?>A>+.186 +A>6.A+- ?��? *.*** *.***
!*+ $ *.*** ?��? ?��? ?��? ?��? ?��?
!*+ �:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ �� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ ;:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> $ *.*** ?��? ?��? ?��? ?��? ?��?
!*> �:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> �� *.*** ?��? ?��? ?��? ?��? ?��?
!*> ;:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* $ *.*** ?��? ?��? ?��? ?��? ?��?
!+* �:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* �� *.*** ?��? ?��? ?��? ?��? ?��?
!+* ;:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ $ *.*** ?��? ?��? ?��? ?��? ?��?
!++ �:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ �� *.*** ?��? ?��? ?��? ?��? ?��?
!++ ;:5 *.*** ?��? ?��? ?��? ?��? ?��?
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�� 
���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
������

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H>.*<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
%�)
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?+*�� ����� E����0�� +8+21.-*6 1$%1 ����� �����
E+ +1?+*# *.*** 82>A.*)> A)8A.)*6 ?��? *.*** *.***
E+ +1?++�� *.*** ->6>.)2- +)1AA.A)> ?��? *.*** *.***
E+ +1?+>;�=:5 *.*** )161.*)- ->*>.881 ?��? *.*** *.***
E+ +1?+)���=:5 *.*** 1A86.1*> +>-)>.)1A ?��? *.*** *.***
E+ +1?+)#�=:5 *.*** 2++2.>-1 -2A+.622 ?��? *.*** *.***
E+ +1?+8�=:5 *.*** +8*2.2>8 228-.-)) ?��? *.*** *.***
E+ +1?+8$� *.*** )>86.2+A 81+8.8-2 ?��? *.*** *.***
E> +1?+*�� *.*** ?A>>*.+>* 0C0AB�/�D ?��? *.*** *.***
E> +1?+*# *.*** ?82>A.*)> A)8A.)*6 ?��? *.*** *.***
E> +1?++�� *.*** ?->6>.)2- +)1AA.A)> ?��? *.*** *.***
E> +1?+>;�=:5 *.*** ?6+->.*>1 +*8+1.*8- ?��? *.*** *.***
E> +1?+)���=:5 *.*** 1EC/D��E( +2816.2A8 ?��? *.*** *.***
E> +1?+)#�=:5 *.*** ?162).66- +*>>1.-6* ?��? *.*** *.***
E> +1?+8�=:5 *.*** ?8*+*.2+) 166>.))8 ?��? *.*** *.***
E> +1?+8$� *.*** ?)>86.2+A 81+8.8-2 ?��? *.*** *.***
!*+ +1?+*�� *.*** ?��? 1$%1 ?��? ?��? ?��?
!*+ +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+*�� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+*�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+*�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
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)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*
!++ +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
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���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
������

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H>.*<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8�2)
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?+ ����� 61**.128 +)+*).*)* 1$%1 ����� �����
E+ +1?>$�,� *.*** 18+2.-)- ++>)+.+1- ?��? *.*** *.***
E+ +1?>�� *.*** -2+*.)-> +2+>2.A+- ?��? *.*** *.***
E+ +1?)��,� *.*** 0�C/��CDE >*2A+.+1- ?��? *.*** *.***
E+ +1?)��,;�=:5 *.*** ++++A.68* +A8>6.>*A ?��? *.*** *.***
E+ +1?)#,;�=:5 *.*** 8*82.*+* +*>16.>*A ?��? *.*** *.***
E+ +1?2���=:5 *.*** 82--.6>8 +>+A6.*** ?��? *.*** *.***
E+ +1?2#�=:5 *.*** )8A).+-> A)*).>8* ?��? *.*** *.***
E+ +1?1�=:5 *.*** +A12.26> 12A8.28- ?��? *.*** *.***
E+ +1?1$� *.*** 2--1.+>A -2>).)61 ?��? *.*** *.***
E> +1?+ *.*** ?61**.128 +)+*).*)* ?��? *.*** *.***
E> +1?>$�,� *.*** ?18+2.-)- ++>)+.+1- ?��? *.*** *.***
E> +1?>�� *.*** ?-2+*.)-> +2+>2.A+- ?��? *.*** *.***
E> +1?)��,� *.*** ?+>8-*.86A >*2A+.+1- ?��? *.*** *.***
E> +1?)��,;�=:5 *.*** 10A�A0�A�D �0ACC�0�/ ?��? *.*** *.***
E> +1?)#,;�=:5 *.*** ?6A68.116 +>+A8.+>- ?��? *.*** *.***
E> +1?2���=:5 *.*** ?++))>.*)A +1*8>.-)6 ?��? *.*** *.***
E> +1?2#�=:5 *.*** ?A2)1.2A8 +)+8A.*-6 ?��? *.*** *.***
E> +1?1�=:5 *.*** ?6-*6.6-1 +*)8+.>A8 ?��? *.*** *.***
E> +1?1$� *.*** ?2--1.+>A -2>).)61 ?��? *.*** *.***
!*+ +1?+ *.*** ?��? 1$%1 ?��? ?��? ?��?
!*+ +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+ *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+ *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
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���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*
!+* +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+ *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
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)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
������

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H>.*<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8�2)
"���.�������
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?8�=:5:)*@:4'(� ����� ?+>62-8.+6- ?68-*+.6>A 1$%1 ����� �����
E+ +1?6�=:5:)*@:4'(� *.*** ?+)+6>1.))- 1/(00(���� ?��? *.*** *.***
E> +1?8�=:5:)*@:4'(� *.*** 10A(0�D�(�B 0��DBD�DBC ?��? *.*** *.***
E> +1?6�=:5:)*@:4'(� *.*** ?+)---1.+21 A8281.>62 ?��? *.*** *.***
!*+ +1?8�=:5:)*@:4'(� *.*** 1$%1 ?��? ?��? ?��? ?��?
!*+ +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?8�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?8�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?8�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
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%����.�.
�������.
������������
�
�������'�!��
��(����
������������
�������������������
����'�)**
�����������&�
�����
���������

��5��
��66���
������������&�'��&����!����
+)�����
,�����--�$�����
��	�!������
-���������������

�����������
�������.
����������/������0��12�������������
��&�
.
����
�3���	������������
'
���*�	�,��������4����������
���2-.-)�	�,��������5����������
���+1.16�	�,��������7����������

�7������
8��5
!�6,�������.
Load Case Cases Equation
*.689$:�:;<�=:5 > *.68$�:�*.68;:5
+1?+ + +.2*$
+1?>$�,� + +.>*$
+1?>�� > +.>*$�:�*.8*��
+1?)��,� > +.>*$�:�+.1*��
+1?)��,;�=:5 ) +.>*$�:�+.1*���:�*.8*;:5
+1?)#,;�=:5 > +.>*$�:�*.8*;:5
+1?2���=:5 ) +.>*$�:�*.8*���:�;:5
+1?2#�=:5 > +.>*$�:�;:5
+1?8�=:5:)*@:4 > +.22$�:��:5
+1?8�=:5:)*@:4'(� > +.22$�:�).**�:5
+1?1�=:5 > *.A*$�:�;:5
+1?1$� + *.A*$
+1?6�=:5:)*@:4 > *.11$�:��:5
+1?6�=:5:)*@:4'(� > *.11$�:�).**�:5
+1?+*�� > $�:���
+1?+*# + $
+1?++�� > $�:�*.68��
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&%%
1
2�
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+1?+>��=:5:)*@:4 > +.+6$�:�*.6*�:5
+1?+>��=:5:)*@:4'(� > +.+6$�:�>.+*�:5
+1?+>;�=:5 > $�:�*.1*;:5
+1?+)���=:5 ) $�:�*.68���:�*.28;:5
+1?+)#�=:5 > $�:�*.28;:5
+1?+2�=:5:)*@:4 > +.+)$�:�*.8)�:5
+1?+2�=:5:)*@:4'(� > +.+)$�:�+.8-�:5
+1?+8�=:5 > *.1*$�:�*.1*;:5
+1?+8$� + *.1*$
+1?+1�=:5:)*@:4 > *.2)$�:�*.6*�:5
+1?+1�=:5:)*@:4'(� > *.2)$�:�>.+*�:5
$:� + $
$:��:# > $�:���
��0� + �:���
���
����=:5 + �:5
;����=:5 + ;:5

������.
!���9
��.���
!�.�
$�6� �����. �����
2: �����
2; �����
2<

lb lb lb
*.689$:�:;<�=:5 (B *.*** ?*.*** ?*.***
+1?+ (B *.*** ?*.*** ?*.***
+1?+*�� (B *.*** ?*.*** ?*.***
+1?+*# (B *.*** ?*.*** ?*.***
+1?++�� (B *.*** ?*.*** *.***
+1?+>��=:5:)*@:4 +.+@�#4 *.*** ?*.*** ?*.***
+1?+>��=:5:)*@:4'(� +.1@�#4 *.*** ?*.*** ?*.***
+1?+>;�=:5 (B *.*** ?*.*** ?*.***
+1?+)���=:5 (B *.*** ?*.*** ?*.***
+1?+)#�=:5 (B *.*** ?*.*** ?*.***
+1?+2�=:5:)*@:4 (B *.*** ?*.*** ?*.***
+1?+2�=:5:)*@:4'(� +.1@�#4 *.*** ?*.*** ?*.***
+1?+8�=:5 (B *.*** ?*.*** ?*.***
+1?+8$� (B *.*** ?*.*** ?*.***
+1?+1�=:5:)*@:4 (B *.*** ?*.*** ?*.***
+1?+1�=:5:)*@:4'(� (B *.*** ?*.*** ?*.***
+1?>$�,� (B *.*** ?*.*** ?*.***
+1?>�� (B *.*** ?*.*** ?*.***
+1?)��,� (B *.*** ?*.*** ?*.***
+1?)��,;�=:5 (B *.*** ?*.*** ?*.***
+1?)#,;�=:5 (B *.*** ?*.*** ?*.***
+1?2���=:5 (B *.*** ?*.*** ?*.***
+1?2#�=:5 (B *.*** ?*.*** ?*.***
+1?8�=:5:)*@:4 +.1@�#4 *.*** ?*.*** ?*.***
+1?8�=:5:)*@:4'(� >.*@�#4 *.*** ?*.*** ?*.***
+1?1�=:5 (B *.*** ?*.*** ?*.***
+1?1$� (B *.*** ?*.*** ?*.***
+1?6�=:5:)*@:4 (B *.*** ?*.*** ?*.***
+1?6�=:5:)*@:4'(� (B *.*** ?*.*** ?*.***
��$���0���&��C�����D����� (B *.*** *.*** *.***
��$���0���&����/��D����� (B *.*** *.*** *.***
���������
�
�
���0���&��C���
�D�����

(B *.*** *.*** *.***

���������
�
�
���0���&����/��D����� (B *.*** *.*** *.***
$ (B *.*** ?*.*** ?*.***
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1
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$:��:# (B *.*** ?*.*** ?*.***
�:5 (B *.*** ?*.*** ?*.***
�#!$���0���&��C�����D����� (B *.*** *.*** *.***
�#!$���0���&����/��D����� (B *.*** *.*** *.***
�#!$�(0��
����������0���&��C���
�D�����

(B *.*** *.*** *.***

�#!$�(0��
����������0���&����/
�D�����

(B *.*** *.*** *.***

��0� (B *.*** ?*.*** *.***
�� (B *.*** ?*.*** *.***
���
����=:5 (B *.*** ?*.*** ?*.***
���0������������0���&��C�����D����� (B *.*** *.*** *.***
���0������������0���&����/��D����� (B *.*** *.*** *.***
;:5 (B *.*** ?*.*** ?*.***
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): 2�-
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ft ft ft
E+ *.*** *.*** *.*** 5�
 5�
 5�
 �� 5�
 5�

E> *.*** 2-.-)) *.*** 5�
 5�
 5�
 �� 5�
 5�

!*+ *.*** *.*** -.>*- 5�
 �� �� �� �� ��
!*> *.*** *.82> +8.+>A 5�
 �� �� �� �� ��
!*) *.*** 8.2)1 +8.-68 �� �� �� �� �� ��
!*2 *.*** -.+18 +8.A-A �� �� �� �� �� ��
!*8 *.*** +1.)+> +1.)>- �� �� �� �� �� ��
!*1 *.*** >2.2+6 +1.111 �� �� �� �� �� ��
!*6 *.*** )>.8>+ +1.)>- �� �� �� �� �� ��
!*- *.*** 2*.11- +8.A-A �� �� �� �� �� ��
!*A *.*** 2).)A- +8.-68 �� �� �� �� �� ��
!+* *.*** 2-.>A> +8.+>A 5�
 �� �� �� �� ��
!++ *.*** 2-.-)) -.>*- 5�
 �� �� �� �� ��

��6,��
���6���.
��6,
��

������� �������� �0
$�5
�

��
$�5
�

8����
�

�=
0

�=
�

"��
��� 2��6��
�

ft
E�+� F?E����)8.-�D�*.)>8�D�-�D

*.1>8
������)1 !*) !*> 2.A8+ #���

�
#���
�

������
9>?/��<

E���

E�+E ;+2D2) ������AA>
%�����8*

!*1 !*) +-.AA6 #���
�

#���
�

������
9>?/��<

E���

E�>� F?E����)8.-�D�*.)>8�D�-�D
*.1>8

������)1 !+* !*A 2.A8+ #���
�
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�
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9>?/��<
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E�>E ;+2D2) ������AA>
%�����8*
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�
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�
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9>?/��<
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�
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1
2�
3����
2���
�������*����*%����.�.*
$�5��
8��5.
8��5
!�.� $�5� )�������� 2���� ��6���

lb lb-ft
$ !*2 $7 ?>A16.*** *.***
$ !*8 $7 ?>A*A.*** *.***
$ !*1 $7 ?>A*A.*** *.***
$ !*6 $7 ?>A*A.*** *.***
$ !*- $7 ?>A16.*** *.***
�� !*2 $7 ?>)86.*** *.***
�� !*8 $7 ?>>-6.*** *.***
�� !*1 $7 ?>>-6.*** *.***
�� !*6 $7 ?>>-6.*** *.***
�� !*- $7 ?>)86.*** *.***

��6,��
>��4��6
8��5.
8��5
!�.� ��6,�� )�������� "44.�� ��5
"44.�� 2���� ��6���

ft ft lb/ft ft-lb/ft
�:5 E�+� !�����5 *.*** 2.A8+ +>A+.*** ?��?
�:5 E�+E !�����5 *.*** +-.AA6 +>A+.*** ?��?
�:5 E�>� !�����5 *.*** 2.A8+ +>A+.*** ?��?
�:5 E�>E !�����5 *.*** +-.AA6 +>A+.*** ?��?
;:5 E�+� !�����5 *.*** 2.A8+ +>>.*** ?��?
;:5 E�+E !�����5 *.*** +-.AA6 +>>.*** ?��?
;:5 E�>� !�����5 *.*** 2.A8+ +>>.*** ?��?
;:5 E�>E !�����5 *.*** +-.AA6 +>>.*** ?��?

��6,��
����..�.
��6,�� ?4� 14� ?4,= 14,= ?4,� 14,� 4�� 4�=

psf psf psf psf psf psf psf psf
E�+� 182111.)>1 ?+*2>2*.A+> A1-81**.A)* ?A1-81**.A)* *.*** ?*.*** ?)*>6-8.)>) ?*.***
E�+E ->8-)8.2)> ?+8>6+*.*18 )*8>))A).++6 ?)*8>))A).++6 *.*** ?*.*** ?1-A1+).-A+ ?*.***
E�>� *.*** ?62A)86.+-2 +*-6A*+2.1>- ?+*-6A*+2.1>- *.*** ?*.*** 2*8->-.*86 ?*.***
E�>E *.*** ?A12+8-.2)A )>-->168.2)6 ?)>-->168.2)6 *.*** ?*.*** 6A6>2>.122 ?*.***
��
�+� 1)+8A).+26 ?>)2+-2.668 >*>*22)8.))1 ?>*>*22)8.))1 *.*** ?*.*** +*+A*A2.*+1 *.***
��
�+E 2>)*-2.8>> ?+2>)22.*)6 A1-81**.A)* ?A1-81**.A)* *.*** ?*.*** 86)11).626 ?*.***
��
�>� *.*** ?-8)81*.>66 >>6-61-).)*- ?>>6-61-).)*- *.*** ?*.*** ?++2A)A*.6-* *.***
��
�>E *.*** ?88261).>)* +*-6A*+2.1>- ?+*-6A*+2.1>- *.*** ?*.*** ?12++>>.-)6 ?*.***

��6,��
��5
��������.
��-���6�
��@.
"���

��6,�� ��.���
!�.�
$�6� "44.�� 2- #� #= �- �� �=

ft lb lb lb lb-ft lb-ft lb-ft
E�+� +1?)��,� 2.A8+ ?+8)6*.))+ +6)26.>*8 *.*** *.*** *.*** 0DEB�D�ADE
E�+� +1?6�=:5:)*@:4'(� 2.A8+ EBC(��B�D ?2+8>>.6>> ?*.*** *.*** 1����� ?+)+A*1*.*1A
E�+E +1?6�=:5:)*@:4'(� +-.AA6 6>>1*.1*) ?8>-1A.22A ����� ?*.*** *.*** ?++*8611.2+2
E�>� +1?8�=:5:)*@:4'(� *.*** 100�AE��D/� 8621*.*-) ?*.*** ����� *.*** 10A/0C//�(/�
E�>E +1?8�=:5:)*@:4'(� *.*** ?-2)1).-11 1A2-6.+2> 1����� 1����� ����� ?++A+>)8.6-)
��
�+� +1?6�=:5:)*@:4'(� *.*** 88>12.2*> /E0D��D�E *.*** ?*.*** ?*.*** ?6)+A2).*1-
��
�>� +1?8�=:5:)*@:4'(� *.*** ?621-1.8>6 10��CD0�BE

B
*.*** *.*** ?*.*** *.***

)�.���
&���+.
Group/Mes
h

Element
s

Unity Design Shape Design Material Overstrength Specification

������E�
 > *.-> F?E����)8.-�D�*.)>8�D�-�D�*.1>8 ������)1 �� �F�
��#!$
�����2
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3����
2���
�������*����*%����.�.*
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��������
�
 > *.-+ F?E����)8.-�D�*.)>8�D�-�D�*.1>8 ������)1 �� �F�
��#!$

9>*+*<
;+2D�E�
 > +.6* ?��? ������AA>

%�����8*
�� �F�
��#!$

9>*+*<
;+2D���
�
 > +.>8 ?��? ������AA>

%�����8*
�� �F�
��#!$

9>*+*<

)�.���
&���+
��.���.

)�.���
&���+	
�0A-
36.
+��
%'�!
8�2)
���0�


���!�F�G�;��
����
��������H�+.6*2
���
��� ����
'�;+2D2),���������'�I�����I������AA>�%�����8*
���������
�F��������9><'�E�+E,�E�>E

������
)�4�������
!���9
��6,�� ��.��� "44.�� )�6��5
5� !�+�����
5� !�5� >���� )�����.
$�6� !�.� 4� �� �� ��4� !���9
E�+E ���
����=:5 +*.A2- +.>)* +.>11 FE
�+1*2.).+ *.A6�(B
E�>E ���
����=:5 -.*8* +.>)* +.>11 FE
�+1*2.).+ *.A6�(B

!�6,���5
!���9
��6,�� ��.��� "44.�� !�5� >���� )�����.
$�6� !�.� 4� ��4� !���9
E�+E +1?6�=:5:)*@:4 +-.AA6 C+?+� 0�(B
2%'8 
��H�+.8)A�,

���H�+-.AA6�	�
E�>E +1?8�=:5:)*@:4 *.*** C+?+� 0�D�
2%'8 B�3�H�+-.AA6�	�,

B���H�>.6)>�	�,
B3�H�+.***�,
B��H�+.***�,

��H�+.A*+�,
���H�+-.AA6�	�

%-���
!���9
��6,�� ��.��� "44.�� )�6��5

2-
!�+�����
2- !�5� >���� )�����.

$�6� !�.� 4� �, �, ��4� !���9
E�+E +1?6�=:5:)*@:4 +-.AA6 >+88).>8+ 816***.*+6 $>?+ *.*2�(B
E�>E +1?8�=:5:)*@:4 *.*** ))181.8+8 8*1AA+.+A+ �)?>!E *.*6�(B B�3�H�+-.AA6�	�,

B���H�>.6)>�	�

������
2��-���
!���9
��6,�� ��.��� "44.�� )�6��5
�= !�+�����
�= !�5� >���� )�����.
$�6� !�.� 4� �,14� �,14� ��4� !���9
E�+E +1?6�=:5:)*@:4 +-.AA6 ?)8*1A6.>+6 >1*AAA.AA2 !>?+ 0�(A
2%'8 ���H�+-.AA6�	�,


��H�+.8)A
E�>E +1?8�=:5:)*@:4 *.*** ?2)1+11.8-1 >1*AAA.AA2 !>?+ 0�BD
2%'8 ���H�+-.AA6�	�,


��H�+.A*+

������
�����
!���9
��6,�� ��.��� "44.�� )�6��5
#� !�+�����
#� !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
E�+E +1?6�=:5:)*@:4 *.*** ?+A862.>8+ +>8)88.**+ %>?+ *.+1�(B
E�>E +1?8�=:5:)*@:4 *.*** )*61>.>*1 +>8)88.**+ %>?+ *.>8�(B
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����
��������H�+.>8>
���
��� ����
'�;+2D2),���������'�I�����I������AA>�%�����8*
���������
�F��������9><'���
�>�,���
�+�

!�6,���5
!���9
��6,�� ��.��� "44.�� !�5� >���� )�����.
$�6� !�.� 4� ��4� !���9
��
�>� +1?8�=:5:)*@:4 -.>*- C+?+� 0��C
2%'8 B�3�H�-.>*-�	�,

B���H�6.+8-�	�,
B3�H�+.***�,
B��H�*.-6>�,

��H�+.116�,
���H�-.>*-�	�

��
�+� +1?6�=:5:)*@:4 *.*** C+?+� *.-6�(B 
��H�+.116�,
���H�-.>*-�	�

%-���
!���9
��6,�� ��.��� "44.�� )�6��5
2- !�+�����
2- !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
��
�>� +1?8�=:5:)*@:4 *.*** ))--2.+-6 2-6-)6.A++ �)?>!E *.*6�(B B�3�H�-.>*-�	�,

B���H�6.+8-�	�
��
�+� +1?)��,� -.>*- >*2A+.+1- 2-6-)6.A++ �)?>!E *.*2�(B B�3�H�-.>*-�	�,

B���H�6.+8-�	�

������
2��-���
!���9
��6,�� ��.��� "44.�� )�6��5
�= !�+�����
�= !�5� >���� )�����.
$�6� !�.� 4� �,14� �,14� ��4� !���9
��
�>� +1?8�=:5:)*@:4 -.>*- ?)+6A6).A)) >1*AAA.AA2 !>?+ 0���
2%'8 ���H�-.>*-�	�,


��H�+.116
��
�+� +1?6�=:5:)*@:4 *.*** ?>>2)A*.AA2 >1*AAA.AA2 !>?+ *.-1�(B ���H�-.>*-�	�,


��H�+.116

������
�����
!���9
��6,�� ��.��� "44.�� )�6��5
#� !�+�����
#� !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
��
�>� +1?8�=:5:)*@:4 -.>*- ?)-6)6.A2+ +>8)88.**+ %>?+ *.)+�(B
��
�+� +1?6�=:5:)*@:4 -.>*- >6))1.A62 +>8)88.**+ %>?+ *.>>�(B

)�.���
&���+	
�����
36.
+��
%'�!
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���0�
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!�6,���5
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E�>� +1?8�=:5:)*@:4 *.*** ?81-+A>.2*6 6)6*-A.>88 !>?+ *.66�(B ���H�2.A8+�	�,


��H�+.+*>
E�+� +1?6�=:5:)*@:4 2.A8+ ?2*8112.*A6 6)6*-A.>88 !>?+ *.88�(B ���H�2.A8+�	�,


��H�+.*81

������
�����
!���9
��6,�� ��.��� "44.�� )�6��5
#� !�+�����
#� !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
E�>� +1?8�=:5:)*@:4 2.A8+ >1-A8.*>- +>+16-.)** %>?+ *.>>�(B
E�+� +1?)��,� 2.A8+ +6)26.>*8 +>+16-.)** %>?+ *.+2�(B

)�.���
&���+	
�����
��.�.
+��
%'�!
8�2)
���0�


���$�
�������
'�F?E����)8.-�D�*.)>8�D�-�D�*.1>8,���������'�I�����I������)1
���������
�F��������9><'���
�>E,���
�+E

!�6,���5
!���9
��6,�� ��.��� "44.�� !�5� >���� )�����.
$�6� !�.� 4� ��4� !���9
��
�>E +1?8�=:5:)*@:4 1.A2> C+?+� *.-+�(B B��H�1.A2>�	�,


��H�+.>+2�,
���H�1.A2>�	�

��
�+E +1?6�=:5:)*@:4 *.*** C+?+� *.81�(B 
��H�+.>+-�,
���H�1.A2>�	�

%-���
!���9
��6,�� ��.��� "44.�� )�6��5
2- !�+�����
2- !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
��
�>E +1?8�=:5:)*@:4 *.*** )1>A6.>81 28)A>).2)A �6?>!E *.*-�(B ���H�1.A2>�	�,

B��H�1.A2>�	�
��
�+E +1?)��,� 1.A2> >*A--.12+ 28)A>).2)A �6?>!E *.*8�(B ���H�1.A2>�	�,

B��H�1.A2>�	�

������
2��-���
!���9
��6,�� ��.��� "44.�� )�6��5
�= !�+�����
�= !�5� >���� )�����.
$�6� !�.� 4� �,14� �,14� ��4� !���9
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&%%
1
2�
3����
2���
�������*����*%����.�.*
��
�>E +1?8�=:5:)*@:4 1.A2> ?81-+A>.2*6 6)6*-A.>88 !>?+ *.66�(B ���H�1.A2>�	�,


��H�+.>+2
��
�+E +1?6�=:5:)*@:4 *.*** ?2*8112.*A6 6)6*-A.>88 !>?+ *.88�(B ���H�1.A2>�	�,


��H�+.>+-

������
�����
!���9
��6,�� ��.��� "44.�� )�6��5
#� !�+�����
#� !�5� >���� )�����.
$�6� !�.� 4� �, �, ��4� !���9
��
�>E +1?8�=:5:)*@:4 1.A2> ?)1*6>.*8+ +>+16-.)** %>?+ *.)*�(B
��
�+E +1?6�=:5:)*@:4 1.A2> >1+>8.>*) +>+16-.)** %>?+ *.>+�(B
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�� 
���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
���(�C

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H).8<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8��5
!�.�
��.���.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ $ ?*.*** CA�E��(� A)8A.)*6 1$%1 ?*.*** *.***
E+ �:5 ?*.*** 1(�E0B�/D/ 1��A�0�0D� ?��? ?*.*** �����
E+ �� ?*.*** )6A+.*-- 86-6.8** ?��? ?*.*** *.***
E+ ;:5 ?*.*** ?>A>+.186 ?+A>6.A+- ?��? ?*.*** *.***
E> $ ?*.*** ?82>A.*)> A)8A.)*6 ?��? ?*.*** ?*.***
E> �:5 1����� ?)*A+1.-6- ��A�0�0D� ?��? 1����� 1�����
E> �� ?*.*** ?)6A+.*-- 86-6.8** ?��? ?*.*** ?*.***
E> ;:5 ?*.*** ?>A>+.186 +A>6.A+- ?��? ?*.*** ?*.***
!*+ $ *.*** ?��? ?��? ?��? 1$%1 ?��?
!*+ �:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ �� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ ;:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*> $ ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> �:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> �� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> ;:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* $ *.*** ?��? ?��? ?��? ?��? ?��?
!+* �:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* �� *.*** ?��? ?��? ?��? ?��? ?��?
!+* ;:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!++ $ *.*** ?��? ?��? ?��? ?��? ?��?
!++ �:5 ����� ?��? ?��? ?��? ?��? ?��?
!++ �� *.*** ?��? ?��? ?��? ?��? ?��?
!++ ;:5 *.*** ?��? ?��? ?��? ?��? ?��?

�����+
VisualAnalysis 12.00.0016 (www.iesweb.com)

108



�������	
��

�����
����
�����
���(�C

��
�������
���� 
���� 
!"#�$%$�
�$&'$���'$& �����
�� 
���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
���(�C

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H).8<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
%�)
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?+*�� ?*.*** E����0�� +8+21.-*6 1$%1 ?*.*** *.***
E+ +1?+*# ?*.*** 82>A.*)> A)8A.)*6 ?��? ?*.*** *.***
E+ +1?++�� ?*.*** ->6>.)2- +)1AA.A)> ?��? ?*.*** *.***
E+ +1?+>;�=:5 ?*.*** )161.*)- ->*>.881 ?��? ?*.*** �����
E+ +1?+)���=:5 ?*.*** 1A86.1*> +>-)>.)1A ?��? ?*.*** *.***
E+ +1?+)#�=:5 ?*.*** 2++2.>-1 -2A+.622 ?��? ?*.*** *.***
E+ +1?+8�=:5 ?*.*** +8*2.2>8 228-.-)) ?��? ?*.*** *.***
E+ +1?+8$� ?*.*** )>86.2+A 81+8.8-2 ?��? ?*.*** *.***
E> +1?+*�� ?*.*** ?A>>*.+>* 0C0AB�/�D ?��? ?*.*** ?*.***
E> +1?+*# ?*.*** ?82>A.*)> A)8A.)*6 ?��? ?*.*** ?*.***
E> +1?++�� ?*.*** ?->6>.)2- +)1AA.A)> ?��? ?*.*** ?*.***
E> +1?+>;�=:5 ?*.*** ?6+->.*>1 +*8+1.*8- ?��? ?*.*** ?*.***
E> +1?+)���=:5 1����� 1EC/D��E( +2816.2A8 ?��? 1����� 1�����
E> +1?+)#�=:5 ?*.*** ?162).66- +*>>1.-6* ?��? ?*.*** ?*.***
E> +1?+8�=:5 ?*.*** ?8*+*.2+) 166>.))8 ?��? ?*.*** ?*.***
E> +1?+8$� ?*.*** ?)>86.2+A 81+8.8-2 ?��? ?*.*** ?*.***
!*+ +1?+*�� *.*** ?��? 1$%1 ?��? 1$%1 ?��?
!*+ +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+)���=:5 ����� ?��? ?��? ?��? ?��? ?��?
!*+ +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+*�� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+*# ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?++�� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+>;�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+)���=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+)#�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+8�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+8$� ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+*�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+>;�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+)#�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+8�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+*�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+*# *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?++�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+>;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+)���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
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&%%
1
2�
3����
2���
�������*����*%����.�.*
!++ +1?+)#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+8�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+8$� *.*** ?��? ?��? ?��? ?��? ?��?
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!"#�$%$�
�$&'$���'$& �����
�� 
���(
)	*)��+,�-*����*�������.*����*����/0
&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
���(�C

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H).8<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8�2)
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?+ ?*.*** 61**.128 +)+*).*)* 1$%1 ?*.*** *.***
E+ +1?>$�,� ?*.*** 18+2.-)- ++>)+.+1- ?��? ?*.*** *.***
E+ +1?>�� ?*.*** -2+*.)-> +2+>2.A+- ?��? ?*.*** *.***
E+ +1?)��,� ?*.*** 0�C/��CDE >*2A+.+1- ?��? ?*.*** *.***
E+ +1?)��,;�=:5 ?*.*** ++++A.68* +A8>6.>*A ?��? ?*.*** *.***
E+ +1?)#,;�=:5 ?*.*** 8*82.*+* +*>16.>*A ?��? ?*.*** *.***
E+ +1?2���=:5 ?*.*** 82--.6>8 +>+A6.*** ?��? ?*.*** �����
E+ +1?2#�=:5 ?*.*** )8A).+-> A)*).>8* ?��? ?*.*** *.***
E+ +1?1�=:5 ?*.*** +A12.26> 12A8.28- ?��? ?*.*** *.***
E+ +1?1$� ?*.*** 2--1.+>A -2>).)61 ?��? ?*.*** *.***
E> +1?+ ?*.*** ?61**.128 +)+*).*)* ?��? ?*.*** ?*.***
E> +1?>$�,� ?*.*** ?18+2.-)- ++>)+.+1- ?��? ?*.*** ?*.***
E> +1?>�� ?*.*** ?-2+*.)-> +2+>2.A+- ?��? ?*.*** ?*.***
E> +1?)��,� ?*.*** ?+>8-*.86A >*2A+.+1- ?��? ?*.*** ?*.***
E> +1?)��,;�=:5 1����� 10A�A0�A�D �0ACC�0�/ ?��? 1����� 1�����
E> +1?)#,;�=:5 ?*.*** ?6A68.116 +>+A8.+>- ?��? ?*.*** ?*.***
E> +1?2���=:5 ?*.*** ?++))>.*)A +1*8>.-)6 ?��? ?*.*** ?*.***
E> +1?2#�=:5 ?*.*** ?A2)1.2A8 +)+8A.*-6 ?��? ?*.*** ?*.***
E> +1?1�=:5 ?*.*** ?6-*6.6-1 +*)8+.>A8 ?��? ?*.*** ?*.***
E> +1?1$� ?*.*** ?2--1.+>A -2>).)61 ?��? ?*.*** ?*.***
!*+ +1?+ *.*** ?��? 1$%1 ?��? 1$%1 ?��?
!*+ +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?)��,;�=:5 ����� ?��? ?��? ?��? ?��? ?��?
!*+ +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!*+ +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?+ ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?>$�,� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?>�� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)��,� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)��,;�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?)#,;�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?2���=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?2#�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?1�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?1$� ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?+ *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
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&%%
1
2�
3����
2���
�������*����*%����.�.*
!+* +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?2���=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?2#�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?1�=:5 ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?+ *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?>$�,� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?>�� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)��,� *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)��,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?)#,;�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?2���=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?2#�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?1�=:5 *.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?1$� *.*** ?��? ?��? ?��? ?��? ?��?
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&%%
1
2�
3����
2���
�������*����*%����.�.*

��

�����
����
�����
���(�C

$'I$��&��DI����I�������
I>*>>I�>>*-+�%���?�!��E�����!�����������I����I�����
�
I9�<�������;����������9#H).8<.0�&


��&���'�
(J��������%F���#F�%�����������'��.�����������0�,��.�.
J�
��������
�
�+>.**.**+1�#�&���

$�5��
��������.
1
8�2)
"���.�������
8��5
!�6,�������.
$�5� ��.���
!�.�
$�6� 2: 2; 2< �: �; �<

lb lb lb lb-ft lb-ft lb-ft
E+ +1?8�=:5:)*@:4'(� ?*.*** ?-2A>A.81A ?266>*.2A+ 1$%1 ?*.*** �����
E+ +1?6�=:5:)*@:4'(� ?*.*** ?-A+6*.6>A 1CC�(0�E/� ?��? ?*.*** *.***
E> +1?8�=:5:)*@:4'(� 1����� 10��CD0�BEB DAB/B�C�D ?��? 1����� 1�����
E> +1?6�=:5:)*@:4'(� ?*.*** ?A1))*.8)1 16)68.*)1 ?��? ?*.*** ?*.***
!*+ +1?8�=:5:)*@:4'(� *.*** 1$%1 ?��? ?��? 1$%1 ?��?
!*+ +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?8�=:5:)*@:4'(� ?*.*** ?��? ?��? ?��? ?��? ?��?
!*> +1?6�=:5:)*@:4'(� ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?8�=:5:)*@:4'(� ?*.*** ?��? ?��? ?��? ?��? ?��?
!+* +1?6�=:5:)*@:4'(� ?*.*** ?��? ?��? ?��? ?��? ?��?
!++ +1?8�=:5:)*@:4'(� ����� ?��? ?��? ?��? ?��? ?��?
!++ +1?6�=:5:)*@:4'(� *.*** ?��? ?��? ?��? ?��? ?��?
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