
Forest Service
Missoula Rappel Tower

Design
Scope of Work 

Scope: Forest Service proposes to have a steel rappel tower and foundation designed.  Work shall include the basic steel rappel tower and an optional mirror image design, steel simulator design, construction drawings, specifications and cost estimate. The intent of this project is to provide a complete bid package so that this project may be advertised for construction by February 1, 2008.  
Project Location and Site:
Missoula Aerial Fire Depot





5765 Highway 10 West





Missoula, MT 59808





Lat. 46.9163056 Long. -114.0905556

Background: The basic steel rappel tower will be approximately 33 feet tall (floor of upper platform) by 18 feet wide by 18 feet long (see attached pictures). The basic steel tower with the mirror image would be 18 feet by 28 feet.  The basic structure will be comprised of six columns constructed of steel HP or W sections on steel base plates on concrete foundations on soil.  The mirror image will be an additional two columns.  The beams, bracing and stairs will be steel W-sections, HSS or channels with the flooring being steel grating.
Standards and Design: The rappel tower design shall meet the requirements of ASCE 7, OSHA and any other applicable codes or standards.  The Forest Service has assumed a Site Class D for the soil with an allowable bearing capacity of 1500 psf.  This results in a Seismic Design Category D for the rappel tower.
The tower and simulator design shall meet at a minimum the following code requirements:
· All concrete shall be designed in accordance with the latest edition of the American Concrete Institute (ACI) Manual of Concrete Practice, including “Specifications for Structural Concrete for Buildings”, ACI 301, and “Building code Requirements for Reinforced Concrete”, ACI 318.

· All structural steel shall be designed in accordance with the AISC’s Steel Construction Manual, 2005 and Seismic Provisions, 2005.
· All lumber shall comply with grades and design values as given in the “National Design Specification for Wood Construction”, 2005.

Services/Work to be completed:  The following work will be performed under this contract, but not limited to other testing and design that may be needed:

· Design a steel rappel tower, stairs, platforms, foundation and any other incidentals.     (See attached design criteria)  The design shall also include a mirror image for an additional simulator.  The proposed design criteria for the rappel tower must be verified by the consultant.
· Design a steel simulator, attachment points, hoist beam and any other incidentals.       (See attached design criteria)  The proposed design criteria for the simulator must be verified by the consultant.
· Lightning Protection System to be designed by others.
· Develop recommendations for an operation and maintenance plan for the rappel tower and simulator.
Submittals
Submittals for this project shall be made in three phases for review and approval by the Forest Service.  All submittals shall include three hard copies and an electronic copy of all information.
These are:

1.
A preliminary 35% submittal that clearly shows the proposed structure.  This work shall be completed by October 15, 2007. The minimum submittal required is:


a.  Preliminary rappel tower and simulator layouts.  Including elevations and cross-sections.

b.  Preliminary design calculations for rappel tower and simulator.


c.  Preliminary cost estimate for the project.


d.  Preliminary specification list.

2.  A pre-final design shall be submitted with drawings 95% complete.  The submittal shall included updated design analysis and resolutions of all comments received during the review of the 35% submittal.  This work shall be completed by December 15, 2007.  The minimum submittal required is:

a.  Title Sheet.

b.  General Notes / Quantity Sheet.

c.  Foundation Detail Sheet.
d.  Rappel Tower Detail Sheets. Including elevations and cross-sections.
e.  Simulator Detail Sheets. Including elevations and cross-sections.
f.  Boring Log Sheet.

g.  Misc. Detail Sheets.

h.  Final Cost Estimate - complete cost estimate for the project shall be prepared including an itemized list of pay items and quantities.

i.  Final Specifications-specifications shall be provided in final typed form using CSI specifications.

3.  The final design shall be submitted with all documents complete and in a form ready to advertise for construction.  The Design Analysis shall be finalized and all previous comments shall be addressed.  The final submittal shall be stamped by a Professional Engineer licensed in the State of Montana. The final engineer's estimate for the project shall be prepared based on the final drawings and specifications.  Final submittals shall be made no later than January 15, 2008.
· Plans and cost estimate shall be prepared in english units and using Construction Specification Institute (CSI) specifications.  The specifications and cost estimate shall be provided in Microsoft Word and Excel format on CD-Rom.
· Final design calculations shall be provided in both hard copy form and electronic format on CD-Rom.

· Final plans shall be provided on 24" x 36" (D size) sheets of vellum with the Forest Service title block. Plans should be able to be reduced to 11”x17” (B size) sheets and still be legible.  Final plans shall also be supplied in AutoCAD Version 2007 format on CD-Rom.
Government Furnished Materials

A. 
One copy of the Standard cover and plan sheet borders and an electronic copy in AutoCAD format.
B. 
Proposed design criteria of rappel tower and simulator.
C.
Proposed tower configuration.
D.
Proposed simulator configuration.
E.
Geotechnical Report for the site.

F. 
Plans for Yosemite National Park Rappel Tower for review.
G.
A copy of the design for the rappel tower and simulator using Visual Analysis will be available for review.

H.
Proposed skid configuration with preliminary dimensions

I.
Photographs of existing simulator details
1. Skid Attachment

2. Anchor Attachments

3. Side Door Anchor Plate

4. Sliding Door Brackets

5. Flooring

6. Hoist

7. Gate for Stairs

8. CD-Rom with pictures of John Day and Lucky Peak Towers
Proposed Design Criteria for Rappel Tower

Structural design of the rappel tower should be in accordance with ASCE 7, OSHA 1910 and material design specifications.
Approximate Tower Dimensions: 28 feet long by 18 feet wide.

Materials: 
Steel tower – W, HP or HSS steel – A588


Flooring – Galvanized, serrated steel bar grating.

Stairway Live Load:
100 psf






ASCE 7, Table 4-1

Stairway Concentrate Live Load: 
1000 lbs moving load on the stairs 
OSHA 1910.24(c)

Stairway angle:
45 degrees max, 8 3/4 rise and 8 3/4 run

OSHA 1910.24(e)

Stairway width:
36 inch 





OSHA 1910.24(d)
Stairway railing height:  36 inch high rail with a minimum of top and middle rail and a toe plate, if things can be kicked off.  They also require a maximum opening between the rails of 19 inches.  OSHA allows the stairway railing to be used as both a guard and a handrail.








Proposed OSHA 1910.28(c)(2)(iv)&(vi)

Stairway height clearance:
7 feet 





OSHA 1910.24(i)

Stairway landings:
36 inch






OSHA 1910.24(g)
Stairway rail load:
All handrail assemblies and guardrail systems shall be designed to resist a single concentrated load of 200 lb applied in any direction at any point along the top and to transfer this load through the supports to the structure.


ASCE 7, 4.4.1

Rail dimension:
1 ½ inches in dia. (min)


OSHA 1910.24(e)(3)(ii)

Platform heights:  
11 feet high for the lower platform

33 feet high for the upper Platform

Platform and catwalk live loads:
100 psf



ASCE 7, Table 4-1

Platform widths:
3ft wide at landings and lower platform, 
6 feet wide at top platform simulator and 
2 ½ wide at other end of top platform.
Catwalk widths:
3 ft wide

Platform height clearance:
7 feet height minimum


OSHA 1910.24(i)

Platform railing height:
42 inch high guard with top, middle and toe rails with a maximum opening of 19 inches. 



OSHA 1910.23 (e)(2)
Safety Gates:
Four (4) gates are required on tower to meet OSHA requirements for protection of openings.

Attachment Points: 
(2) Separate 5000 lb. loads (min) for rappel ropes to be used on lower platform attached to upper 2 ½ walkway. Location of attachment points should be 3 feet from each end on the interior beam.

(2) Separate 5000 lb. loads for spotters on 7 feet high cross beam above lower platform.
Deflection:








ASCE 7, Chapter C



Live load deflection = l/360



Dead + Live Load = l/240



Wind load = l/180

Snow load:

Pg =
35 psf (Ground)



ASCE, Chapter 7




Pf =
30 psf (Flat-roof) Minimum per State Regulation



Ce =
1.0 (Snow exposure factor)




Is =
1.0 (Snow load importance factor)




Ct =
1.2 (Thermal factor)

Wind load:

Basic wind speed = 90 mph



ASCE, Chapter 6




(3-second gust)




Iw =
1.0 (Wind importance factor)




Wind Exposure = C
Earthquake:  

Assumed Seismic design category D 

ASCE, Chapter 11&12




Seismic use group = I



IE = 1.0




SDS = 0.485 g




SD1 = 0.234 g




Assumed Site Class = D



Seismic force-resisting system = Steel Braced Frame or Moment Frame
References

ASCE 7-05

OSHA 1910.21, 1910.22, 1910.23, 1910.24, 1910.66 App. C
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Figure 1 Proposed Steel Rappel Tower with Mirror Image
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Figure 2 Proposed Steel Rappel Tower with Mirror Image
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Figure 3 Proposed Steel Rappel Tower with Mirror Image
Proposed Design Criteria for Simulator
Structural design of the simulator should be in accordance with ASCE 7, OSHA 1910 and material design specifications.

Simulator Inside Dimensions:

6 feet clear width,






10 feet clear length,






6 feet - 3 inch clear height.

Materials: 
Simulator – HSS Steel - Painted black.


Flooring – Steel bar grating – non-serrated with ½ or ¾” rubber mat (optional).


Attachment Plates – Steel plates.
Simulator Floor Live Load:
100 psf





ASCE 7, Table 4-1

Simulator Entrance Width:
48 inch
Simulator Entrance Height Clearance:
6 feet
Simulator Side-door Width:
60 inch fully open with sliding doors.  Door centered with 2.5 feet on each side of door. Sliding doors should open completely.  Door should be notched at top for door mounted attachment plate.
Simulator Side-Door Height Clearance: 6 feet with movable bar at 50 inch clear height and    removable 2”kick plate at 5 inches above floor.
Simulator Railing Height: 
42 inch high guard with top, middle and toe rails with a maximum opening of 19 inches. 



OSHA 1910.23 (e)(2)
Simulator Rail Load:
Guardrail systems shall be designed to resist a single concentrated load of 200 lb applied in any direction at any point along the top or a 50 plf load for the top rail and to transfer this load through the supports to the structure.



ASCE 7, 4.4.1

Attachment Points:  (15) Separate 5000 lb. loads (min)

OSHA 1910.66 App. C
(See attachment figure)
Simulator Door Attachment plate: 5000 lb. load (See Picture) mounted on either door.
Approximate Dimensions – Two different plates (a) 9” x 30” and (b) 9” x 12” with 3 holes at 1 inch from each side and one in the center and 1 inch from the bottom.  Plate should include hand holes for removal and replacement.
Simulator Hoist:  5000 lb. at 25 inches for edge of door.
Skid Attachment Points:  Skids will be attached under the door on each side of the simulator.  See attached photo for possible skid attachment provisions.
Skids:  Removable lightweight “generic” skid will be designed that meets FS Rappeller functional requirements.  
Roof Truss System:  A truss system will be required over the simulator to attach plywood or plastic cover for shade of occupants.
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Figure 4.  Simulator without hoist bar and flooring.
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Figure 5. Simulator with hoist bar and without attachment plate and flooring.
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Figure 6. Attachment points for simulator
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Picture 1a. Skid Attachment – Top Mounted Type 
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Picture 1b. Skid Attachment - Truck Hitch Type
[image: image9.jpg]



Picture 2a. Anchor Attachment (Wood Mockup Simulator)
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Picture 2b. Anchor Attachment – Top Mounts (Wood Mockup Simulator)
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Picture 2c. Anchor Attachment – Bottom Mounts (Wood Mockup Simulator)
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Picture 3 Side Door Anchor Plate missing hand holes (Wood Mockup Simulator)
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Picture 4. Sliding Door Brackets
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Picture 5. Flooring

[image: image15.jpg]TECHNICAL CHARACTERISTICS





Picture 6. Hoist
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Picture 7. Gate for Stairs
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Caring for the Land and Serving People
Printed on Recycled Paper    [image: image18.png]
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