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Summary of Changes

Significant changes to the project manual that have occurred between submissions have been outlined below. The

Construction Drawings should also be reviewed for relevant revisions.

Revision 1 to Design Development Documents: November 18, 2014
The Project Manual has been updated from the previous issue. Revisions include:

e Rules Compliance Checklist

e Interconnection Application Form

e Water Budget

e Structural revised Lateral Load Analysis

Revision 2 to Construction Documents: March 26, 2015
The following Construction Drawing sheets have been revised:

e A-102 Roof Plan and Details

e A-201 Elevations

e A-202 Elevations & Fence Details

e A-203 Cladding Schedule and Details
e A-301 Building Sections and Interior Elevations
e A-302 Wall Sections

e S-101 Foundation Plan and Details

e S5-401 Steel Details

e S5-402 Steel Details

e E-101 Distribution Plan

e E-102 PV Wiring Diagram

e E-602 Three Line Diagram

e E-603 Service Panel Schedule

The Project Manual has been updated from the previous issue. Revisions include:

e Summary of Changes

o Rules Compliance Checklist

e  Structural Analysis Calculations
e Division 26 Electrical

Revision 3 to Construction Documents: August 17, 2015
The following Construction Drawing sheets have been revised:

e G-001 CoverPage

[Status]
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The Project Manual has been updated from the previous issue. Revisions include:

Team Crowder College - Drury University

G-002 Sheet Index

G-201 Ground Contact

H-101 Spill Containment Plan and Details
L-101 Landscape Plan and Details

L-102 Deck

S-101 Foundation Plan and Details

S-401 Steel Details

S-402 Steel Details

A-101 Floor Plan and Reflected Ceiling Plan
A-102 Roof Plan and Details

A-201 Elevations

A-202 Elevations & Cladding Details
A-203 Cladding Schedule and Details
A-301 Building Sections and Interior Elevations
A-302 Wall Sections

A-401 Fence Units and Details

A-402 Fence Panels and Brackets

A-403 Kitchen Cabinets

A-404 Bathroom Details

A-405 Cabinet Details

E-603 Service Panel Schedule

Summary of Changes

Rules Compliance Checklist

Division 05 Metals

Division 06 Wood, Plastics and Composites
Division 07 Thermal and Moisture Protection
Division 08 Openings

Division 11 Equipment

Division 12 Furnishings

Division 21 Fire Suppression

Division 22 Plumbing

Division 23 Central Heating Equipment
Division 26 Electrical

Division 32 Exterior Improvement
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Rules Compliance Checklist

| RULE | RULE DESCRIPTION LOCATION DESCRIPTION LOCATION

Drawing(s) showing the assembly and disassembly 0-101
sequences and the movement of heavy machinery on  0-901
Rule 4-2 Construction Equipment the competition site 0-902
Rule 4-2 Construction Equipment Specifications for heavy machinery N/A
Drawing(s) showing the locations and depths of all
Rule 4-3 Ground Penetration ground penetrations on the competition site G-201
Drawing(s) showing the location, contact area, and G-201
Impact within the Solar bearing pressure of every component resting directly  See structural
Rule 4-4 Envelope within the solar envelope Calculations
Rule 4-5 Generators Specifications for generators (including sound rating) N/A
Drawing(s) showing the locations of all equipment,
containers, and pipes that will contain liquids at any
Rule 4-6 Spill Containment point during the event H-101
Specifications for all equipment, containers, and pipes
Rule 4-6 Spill Containment that will contain fluids at any point during the event 211000
Calculations showing that the structural design PM-Pages
remains compliant even if 18 in. (45.7 cm) of vertical S- Series
Rule 4-7 Lot Conditions elevation change exists Drawings
Drawing(s) showing shimming methods and materials
to be used if 18 in. (45.7 cm) of vertical elevation
Rule 4-7 Lot Conditions change exists on the lot A-302
L-101
Drawing(s) showing the location of all house and site ~ A-201
Rule 5-2 Solar Envelope Dimensions  components relative to the solar envelope A-301
List of solar envelope exemption requests
Rule 5-2 Solar Envelope Dimensions  accompanied by justifications and drawing references  N/A
List of, or marking on, all drawing and project manual
sheets that will be stamped by the qualified, licensed
design professional in the stamped structural See Structural
submission; the stamped submission shall consist Calculatoins
entirely of sheets that also appear in the drawings and S- Series
Rule 6-1 Structural Design Approval  project manual Drawings
Drawing(s) showing all information needed by the
rules officials to measure the finished square footage
Rule 6-2 Finished Square Footage electronically G-101
[Status] Published 8/17/2015

U.S. D.O.E. Solar Decathlon 20115

Page -6



Shelte;'---:-:i"'"' Team Crowder College - Drury University

Drawing(s) showing all movable components that may
increase the finished square footage if operated
Rule 6-2 Finished Square Footage during contest week N/A

Rule 6-3 Entrance and Exit Routes Drawing(s) showing the accessible public tour route G-101

Drawing(s) showing the location of all vegetation and,
if applicable, the movement of vegetation designed as

Rule 7-1 Placement part of an integrated mobile system L-101
Drawing(s) showing the layout and operation of

Rule 7-2 Watering Restrictions greywater irrigation systems N/A

Rule 8-1 PV Technology Limitations Specifications for photovoltaic components Division 48

Drawing(s) showing the location(s) and quantity of all
primary and secondary batteries and stand-alone, PV-

Rule 8-3 Batteries powered devices N/A
Specifications for all primary and secondary batteries

Rule 8-3 Batteries and stand-alone, PV-powered devices N/A
Drawing(s) describing the operation of the desiccant

Rule 8-4 Desiccant Systems system N/A

Rule 8-4 Desiccant Systems Specifications for desiccant system components N/A

Rule 8-5 Village Grid Completed interconnection application form PM Page 99

Drawing(s) showing the locations of the photovoltaics,
inverter(s), terminal box, meter housing, service
Rule 8-5 Village Grid equipment, and grounding means E-102, E-602

Specifications for the photovoltaics, inverter(s),
terminal box, meter housing, service equipment, and

Rule 8-5 Village Grid grounding means 48 10 00

Rule 8-5 Village Grid One-line electrical diagram E-601
Calculation of service/feeder net computed load per

Rule 8-5 Village Grid NEC 220 E-603
Site plan showing the house, decks, ramps, tour G-101

Rule 8-5 Village Grid paths, and terminal box L-101, E-101
Elevation(s) showing the meter housing, main utility

Rule 8-5 Village Grid disconnect, and other service equipment E-101

Drawing(s) showing the location of all liquid
Rule 9-1 Container Locations containers relative to the finished square footage L-101

Drawing(s) demonstrating that the primary supply
water tank(s) is fully shaded from direct solar
radiation between 9 a.m. and 5 p.m. PDT or between
Rule 9-1 Container Locations 8 a.m. and 4 p.m. solar time on October 1 L-101

Published 8/17/2015
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Quantity, specifications , and delivery date(s) of all

team-provided liquids for irrigation, thermal mass, 0-102
hydronic system pressure testing, and thermodynamic Division 21

Rule 9-2 Team-Provided Liquids system operation Division 22
Drawing(s) showing the layout and operation of

Rule 9-3 Greywater Reuse greywater reuse systems N/A
Drawing(s) showing the layout and operation of

Rule 9-4 Rainwater Collection rainwater collection systems N/A
Drawing(s) showing the locations of liquid-based

Rule 9-6 Thermal Mass thermal mass systems N/A
Specifications for components of liquid-based thermal

Rule 9-6 Thermal Mass mass systems N/A
Drawing(s) showing the layout and operation of

Rule 9-7 Greywater Heat Recovery greywater heat recovery systems N/A
Drawing(s) showing the complete sequence of water

Rule 9-8 Water Delivery delivery and distribution events 0-102
Specifications for the containers to which water will

Rule 9-8 Water Delivery be delivered 22 12 00
Drawing(s) showing the complete sequence of water

Rule 9-9 Water Removal consolidation and removal events 0-102
Specifications for the containers from which water

Rule 9-9 Water Removal will be removed 2212 00
Interior and exterior plans showing entire accessible

Rule 11-4  Public Exhibit tour route G-101

[Status] Published 8/17/2015
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Structural Calculations

Structural Calculations Team Drury
Solar Decathlon 2015 March 24, 2015

STRUCTURAL CALCULATIONS-INTRODUCTION

Team Drury has chosen to design a three module dwelling. The outer modules will be used for
sleeping quarters and kitchen and bath facilities, and the center module will be the primary
gathering room.

The loads for the design of the dwelling were taken from the International Residential Code
(IRC-2012), the International Building Code (IBC-2012), and the American Society of Civil
Engineers Standard ASCE 7-10. The California Residential Code (CRC-2013) was also
consulted to rectify any differences between the CRC and the IBC and ASCE. In addition, due
to the frequent nature of tornados in and around Springfield, Missouri, Team Drury felt that
analysis for tornado forces would prove beneficial for the eventual owner of the dwelling,
However, tornado load analysis is not formally addressed in the building code standards. Journal
articles for tornado forces on buildings were consulted to formulate a general design guide for
the tornado forces. load analysis can be found in section 1 of the calculations.

Section 2 of the calculations addresses loading on individual members, the sheathing used on the
floors and walls for diaphragms, and the connections of the modules to each other. Dead load,
floor and roof Live Loads, Snow Loads, and Rain Surcharge Loads are addressed i section 2. In
addition, analysis of wind and earthquake load requirements on individual members was
included. Information and codes used here include the American Institute of Steel Construction
(AISC) Manual of Steel Construction 13" Addition, National Design Specifications for Wood
Construction (NDS 2005), and the American Plywood Association (APA) documents.

Section 3 of the calculations looks at the stability of the dwelling under lateral loads, which
include wind, earthquake, and tornado loads (tornado loads to be finalized). In general, tornado
loading will control the lateral load stability requirements. IHowever, due to the seismic activity
at the California-based competition location, earthquake loading requires some discussion.

For seismic loading, the lateral force resisting system consists of light-framed shear walls with
wood structural panels rated for shear resistance. The seismic loads from the walls will be split
between the floor and roof diaphragms, with the seismic loads from the roof and floor collected
in the roof and floor diaphragms respectively. The roof diaphragms will transfer the seismic
loading from the roof, through the wall diagrams and into the floor diaphragms. Because the
roofs, walls, and floors are sheathed with wood sheathing inside and out, the attachment for
seismic load transfer will be adequate, with the double panel systems creating more than enough
shear capacity. The seismic loading will be transferred to the proprietary seismie piers designed
similarly to those manufactured by Central Piers. The piers are equally spaced under the
modules, so little if any load transfer through collector elements or drag struts are needed.
According to Central Piers’ literature, the piers used will provide California, code-required
support for gravity and lateral load stability when placed on approved, wood-sheathing bearing
plates. EPDM rubber matting will be used between the wood sheathing and the asphalt
pavement of the exhibition site for frictional resistance to lateral movement. This will be the
case for the decks and ramps.

Please see the remaining calculations for more specifics on load analysis for the dwelling.

[Status]
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Structural Calculations Team Drury
Solar Decathlon 2015 March 24, 2015

STRUCTURAL CALCULATIONS
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SECTION 1
LOAD ANALYSIS
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Structural Calculations Team Drury
Solar Decathlon 2015 February 12, 2015
1-2

LOAD ANALYSIS INTRODUCTION

The calculations in this section define the load parameters for the analysis. The following
information and codes were consulted for the load analysis parameters:

International Residential Code (IRC) 2012

International Building Code (IBC) 2012

California Residential Code ((CRC) 2013

American Society of Civil Engineers Standard ASCE 7-10

Tornado Research Papers-See References at the End of Tornado Loads Section

[Status] Published 8/17/2015
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Design Maps Summary Report Page 1 of 2

=M
———

EUSGS Design Maps Summary Report

User-Specified Input

Report Title Irvine, California
Thu October 9, 2014 14:32:27 UTC

Building Code Reference Document 2012 International Building Code
(which utilizes USGS hazard data available in 2008)

Site Coordinates 33.68596°N, 117.82613°W
Site Soil Classification Site Class D - “Stiff Soil”

Risk Category I/II/III
"_‘Tustiu a/{{/ K S

" N e
%%{, JANA \J
3
k Pymporad Park

&
\ Wituneny Ranch
/ @“\ WWa )};.; -
\\ (2 OP‘
5
h.

.

. Huntington /\\ O«R A N.GfE S .
Sf% C\Beach %Césta Mesa \__\ SUREN O ] T___p-l PR
5 Lo A N N

%

Fountain
Valley

—

N

= '@m&ntcx\

anp;;t\\}.
", mapquest ECQ?‘ F_JBeach \\\\\._H‘ @4, o @ MapQuest
USGS~-Provided Output
S:= 1.529¢ Sws= 15299 Ses= 1.020g
S = 0.564¢g Sw= 0.847g Sn= 0.564g

For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and
deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the “2009 NEHRP” building code reference document.

MCE, Response Spectrum Design Response Spectrum
1.76
1.60 110
1.44 4 099
128 o.e8
1.12 0.77
- -
o osct R
n
a 0.90 & oss
0.64 0.44
048 0.33
0.32 4 022
0.16 011
oo + + 4 + + + + 1 0.00 + -+ + + + L |
0.00 0.20 040 060 080 1.00 120 1.40 1.60 1.80 2.00 0.00 0.20 040 0,60 0.80 100 120 1.40 1.60 1.80 200
Period, T (sec) Period, T (sec)

http:/ehp2-earthquake. wr.usgs.gov/designmaps/us/summary.php?template=mini mal&latit... 10/9/2014
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Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge.

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/summary .php?template=minimal&latit... 10/9/2014
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Design Maps Detailed Report Page 1 of 4

2USGS Design Maps Detailed Report
2012 International Building Code (37.21546°N, 93.29631°W)
Site Class D - “Stiff Soil”, Risk Category I/II/IIL

Section 1613.3.1 — Mapped acceleration parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain Ss) and
1.3 (to obtain S,). Maps in the 2012 International Building Code are provided for Site
Class B. Adjustments for other Site Classes are made, as needed, in Section 1613.3.3.

From Figure 1613.3.1(1)™ Ss=0.193g
From Figure 1613.3.1(2) ™ S,=0.104 g

Section 1613.3.2 — Site class definitions

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or
the default has classified the site as Site Class D, based on the site soil properties in
accordance with Section 1613,

2010 ASCE-7 Standard - Table 20.3-1
SITE CLASS DEFINITIONS

=i

Site Class Vs N or N., 5,

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ftjs 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 41,0{.10- bsf

Any profile with more than 10 ft of soil having the characteristics:

« Plasticity index PI > 20,

« Moisture content w = 40%, and

+ Undrained shear strength 5. < 500 psf
F. Soils requiring site response See Section 20.3.1
analysis in accordance with Section
21.1

For SI: 1ftfs = 0.3048 m/s 1Ib/ft2 = 0.0479 kN/m?

http://ehp2-carthquake.wr.usgs.gov/designmaps/us/report.php?template=minimal&latitude...

10/9/2014
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U.S. D.O.E. Solar Decathlon 20115

Published 8/17/2015
Page - 22



. .
ShelteR Team Crowder College - Drury University

Design Maps Detailed Report

Page 2 of 4

f- 1 2=

Section 1613.3.3 — Site coefficients and adjusted maximum considered earthquake spectral

response acceleration parameters

TABLE 1613.3.3(1)
VALUES OF SITE COEFFICIENT F,

Site Class Mapped Spectral Response Acceleration at Short Period

S; £ 0.25 Ss = 0.50 S;=0.75 S; = 1.00 Ss= 1.25

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
(& 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of S,

For Site Class = D and S: = 0.193 g, F. = 1.600

TABLE 1613.3.3(2)
VALUES OF SITE COEFFICIENT F,

Site Class Mapped Spectral Response Acceleration at 1-s Period

S: £ 0.10 S, = 0.20 S, =0.30 S, =0.40 S, = 0.50

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
€ 1.7 b 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E ) 3.2 2.8 2.4 2.4
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of S.

For Site Class = D and S; = 0.104 g, F, = 2.386

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/report.php?te mplate=minimal&latitude...

10/9/2014

[Status]
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Design Maps Detailed Report Page 3 of 4

Equation (16-37):

Equation (16-38):

(=1
Sus = F:Ss = 1.600 x 0.193 = 0.309 g

Su = F.S: = 2.386 x 0.104 = 0.247 g

Section 1613.3.4 — Design spectral response acceleration parameters

Equation (16-39):

Equation (16-40):

http://ehp2-earthquake. wr.

Sps = % Sus = % x 0.309 = 0.206 g

Ser = % Sw = % x 0.247 = 0.165 g

usgs.gov/designmaps/us/report.php?template=minimal&latitude... 10/9/2014

[Status]
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Design Maps Detailed Report Page 4 of 4
I-1&
Section 1613.3.5 — Determination of seismic design category

TABLE 1613.3.5(1)
SEISMIC DESIGN CATEGORY BASED ON SHORT-PERIOD (0.2 second) RESPONSE ACCELERATION

RISK CATEGORY
VALUE OF S;s
TorlII I v
Ses < 0.167g A A A
0.167g < Sos < 0.33g B B c
0.33g < Sos < 0.50g c g D
0.50g = Sos D D D

For Risk Category = I and S.: = 0.206 g, Seismic Design Category = B

TABLE 1613.3.5(2)
SEISMIC DESIGN CATEGORY BASED ON 1-SECOND PERIOD RESPONSE ACCELERATION

RISK CATEGORY
VALUE OF S;,
IorIl III v
Su: < 0.0679 A A A
0.067g < S; < 0.133g B B &
0.133g < Su: < 0.20g C C D
0.20g = Sp: D D D

For Risk Category = I and S;: = 0.165 g, Seismic Design Category = c

Note: When S, is greater than or equal to 0.75g, the Seismic Design Category is E for
buildings in Risk Categories I, II, and III, and F for those in Risk Category 1V, Iirrespective
of the above.

Seismic Design Category = “the more severe design category in accordance with
Table 1613.3.5(1) or 1613.3.5(2)" =C

Note: See Section 1613.3.5.1 for alternative approaches to calculating Seismic Design
Category.

References

1. Figure 1613.3.1(1): http:f,fearthquake.usgs.gov/hazardsfdesignmaps/downloads/pdfs{IBC‘ZD12—
Fig1613p3p1(1).pdf

2. Figure 1613.3.1(2): http:Hearthquake.usgs.gov/hazards,’designmaps/downloadsfpdfs{IBC—Zo12—
Fig1613p3p1(2).pdf

http://ehp2-earthquake.wr.usgs.gov/\ designmaps/us/report.php2template=minimal&latitude... 10/9/2014
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= USGS Design Maps Summary Report

User-Specified Input
Report Title

Building Code Reference Document

Site Coordinates
Site Soil Classification
Risk Category

EE?: Eﬁl!m

GERJE E Nk

Springfield/Neosho, MO
Thu October 9, 2014 14:39:01 UTC

2012 International Building Code
(which utilizes USGS hazard data available in 2008)

37.21546°N, 93.29631°W
Site Class D - “Stiff Soil”
I/11/111

USGS~Provided Output

S =
S, =

Sus =
Su =

0.193¢g
0.104 g

0.309¢g
0.247 g

|

SN O R TiHIEE
Rt : '.:.'t'(‘!

@ MapQuest

{ _ssi

)} AMER
ezJ‘u -

0.206 g
0.165g

e —

Spc =
Spr =

For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and
deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the "2009 NEHRP” building code reference document.

MCE, Response Spectrum

Sa(g)

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/summary.php?template=minimal&latit...

Design Response Spectrum

Sa (gl

10/9/2014

[Status]
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Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge.

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/summary.php?template=minimal&latit... 10/9/201 4
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ZUSGS Design Maps Detailed Report
2012 International Building Code (33.68596°N, 117.82613°W)
Site Class D - “Stiff Soil”, Risk Category I/1I/III

Section 1613.3.1 — Mapped acceleration parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain Ss) and
1.3 (to obtain S,). Maps in the 2012 International Building Code are provided for Site
Class B. Adjustments for other Site Classes are made, as needed, in Section 1613.3.3.

From Figure 1613.3.1(1}" Ss=1.529¢g
From Figure 1613.3.1(2)™ S, =0.564 g

Section 1613.3.2 — Site class definitions

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or
the default has classified the site as Site Class D, based on the site soil properties in
accordance with Section 1613.

2010 ASCE-7 Standard - Table 20.3-1
SITE CLASS DEFINITIONS

Site Class Vs N or Ne, s,

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf
E. Soft clay soil B .;:(-500 ftfs <15 <1,000 (.-'nsf

Any profile with more than 10 ft of seil having the characteristics:
» Plasticity index PI > 20,
¢ Moisture content w = 40%, and
» Undrained shear strength s, < 500 psf

F. Soils requiring site response See Section 20.3.1
analysis in accordance with Section
21.1

For SI: 1ftfs = 0.3048 m/s 1lb/ft2 = 0.0479 kN/m?2

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/report.php?template=minimal&latitude... 10/9/2014

[Status] Published 8/17/2015
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Section 1613.3.3 — Site coefficients and adjusted maximum considered earthquake spectral
response acceleration parameters

TABLE 1613.3.3(1)
VALUES OF STTE COEFFICIENT F,

Site Class Mapped Spectral Response Acceleration at Short Pericd

S: £0.25 S, = 0.50 Ss = 0.75 S = 1.00 S; = 1.25

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
<, 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 L.x 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4,7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of 5¢

For Site Class = D and Ss = 1.529 g, F, = 1,000

TABLE 1613.3.3(2)
VALUES OF SITE COEFFICIENT F,

Site Class Mapped Spectral Response Acceleration at 1-s Period

S, =0.10 S; = 0.20 S, = 0.30 S, = 0.40 S, 2 0.50

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E ] 3.2 2.8 2.4 2.4
F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpalation for intermediate values of 5,

For Site Class = Dand S, = 0.564 g, F, = 1.500

http://ehpZ—earmquake.wr.usg&gov/designmaps/us/report.php’?template=minima1&latitude... 10/9/2014

[Status]
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Equation (16-37): Sws = F.Ss = 1.000 x 1.529 = 1.529 ¢
Equation (16-38): Sw = F.S, = 1.500 x 0.564 = 0.847 g

Section 1613.3.4 — Design spectral response acceleration parameters

Equation (16-39): Sps = % Sus = %4 x 1,529 = 1.020 g

Equation (16-40): Sor = % Sw. = % x 0.847 = 0.564 g

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/report. php?template=minimal&latitude... 1 0/9/2014
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Section 1613.3.5 — Determination of seismic design category

TABLE 1613.3.5(1)
SEISMIC DESIGN CATEGORY BASED ON SHORT-PERIOD (0.2 second) RESPONSE ACCELERATION

RISK CATEGORY
VALUE OF Scs
Ioril III v
Ses < 0.167g A A A
0.167g < S < 0.33g B B C
0.33g = S.s < 0.50g C c D
0.50g < Sos D D D

For Risk Category = I and S.s = 1.020 g, Seismic Design Category = D

TABLE 1613.3.5(2)
SEISMIC DESIGN CATEGORY BASED ON 1-SECOND PERIOD RESPONSE ACCELERATION

RISK CATEGORY
VALUE OF S,
IorlIl III Iv
So; < 0.067g A A A
0.067g < So: < 0.133g B B (e
0.133g < So: < 0.20g e C D
0.20g < S, D D D

For Risk Category = I and S;, = 0.564 g, Seismic Design Category = D

Note: When S, is greater than or equal to 0.75g, the Seismic Design Category is E for
buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective
of the above.

Seismic Design Category = “the more severe design category in accordance with
Table 1613.3.5(1) or 1613.3.5(2)" =D

Note: See Section 1613.3.5.1 for alternative approaches to calculating Seismic Design
Category.

References
1. Figure 1613.3.1(1): http://earthquake.usgs.gow‘hazards;‘designmaps/downloads/pdfs/IBC-ZOI2—
Fig1613p3p1(1).pdf

2. Figure 1613.3.1(2): http:,!/earthquake.usgs.gov{hazards/designmaps/downloadsfpdfs/IBC—ZU12-
Fig1613p3p1(2).pdf

http:h’ehpz-eanhquake.wr.usgs.govfdesignmaps/usireport.php‘?temp1ate=minimal&latitude... 10/9/2014
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LATERAL LOAD ANALYSIS-TORNADO
Introduction

Tornado load analysis is not part of code-required design analysis. However, due to the frequent
nature of tornados in and around Springfield, Missouri, Team Drury felt that analysis for tornado
forces would prove beneficial for the eventual owner of the dwelling. However, with no code-
requirements for tornado analysis, where do we begin with such an analysis?

The study of tornados is not a recent phenomenon. Evidence is available that indicates efforts to
understand tornados have been undertaken for hundreds of years. More recent efforts include
observational attempts to define tornado characteristics, laboratory and semi-empirical attempts
at quantifying tornado forces on structures, and tornado simulation and interaction with buildings
with computational fluid dynamic (CFD). Fortunately scientific understanding of tornados has
accelerated during the latter half of the 20" century and into the 21% century. The study of
tornado forces in the past twenty years has led to publications that outline force cocefficients for
tornado forces similar to those used in straight wind code provisions such as those found in
ASCET.

Early Attempts to Define Tornado Characteristics

One of the earliest records of a tornado in the United Sates was recorded in 1812 during the War
of 1812. British Troops had surrounded Washington D.C. in 1814 with the intent to burn it to
the ground. The White House was torched and the planned destruction of the capitol was
underway; however, a tornado reportedly tracked through the captiol on August 25, 1814. The
force of the storm and the subsequent rainfall killed or wounded more British Soldiers than all
the firearms of the American troops. The rainfall extinquished the fires set by the British. Asa
result, a tornado was credited for saving the United States Capitol (Dole 2007). Most records of
tornados, though, are not as encouraging. A report of a tornado from 1851 in Middlesex County
Massachusetts spoke of trees decapitated, roofs of houses taken and not found, and crops buried
in the ground (Brooks et al, 1852).

Observational Attempts to Define Tornado Characteristics

Later attempts were made to scientifically document tornado wind speeds and forces associated
with tornado winds. Using movies of high quality and methods of photogrammetry and
perspective, Hoecker (1960) as able to measure the tangential wind speed in the Dallas, Texas
tornado of April 02, 1957. The tangiential wind speed was estimated as 170 mph. The upward,
vertical wind speed was estimated as 150 mph. Fuj ita (1971) took these observations and along
with his own developed a widely used classification for tornado force intensity know as the
Fujita Scale. The intensity of tornados was based on damage assessment, classifying tornado
wind intensity into six major classifications to speed up the damage assessment. The Fujita
Scale has been used successfully to quickly quantify damage assessment. Following after Fujita,
Mehta, et. al. (1976) used building damage information and material resistance to wind speed
and back-calculated the wind speeds in the tornado outbreak of April 3-4, 1974. The analysis
relied on then current code design and analysis principles to determine the approximate wind
speed in the tornado outbreak. The tornado outbreak was initially assigned a probable maximum
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wind speed of 250-275 mph. However, the engineering analysis concluded that:
e Wind speeds in the tornado outbreak were generally less than the upper bound values of
250-275 mph that were previously estimated.
Wind, not atmospheric pressure change, was the governing cause of building failure.
e Correlation of damage to wind speed was problematic for wind speeds exceeding
approximately 175 mph.
e Building connectivity was a leading indicator of building component loss.
Davis-Jones and Kessler (1974) also doubted wind speeds in excess of 300 mph that were
historically assigned to large-scale tornados.

Recent advances in meteorological devices have provided a means to determine tornado
characteristics. Lee et al (2004) and Karstens et al (2010) describe the characteristics of a
number of tornados that have been intercepted with In-situ Hardened Pressure Probes, Video
Probes, and Mobile Mesonet Intrumentation since 2002. These interceptions have enabled
meteorologists to report rough estimates of tornado size, translational velocity, and rotational
velocity. Whereas these estimates are by no means concrete, they do serve as a starting point for
understanding tornado size and wind characteristics. Table 1-1 shows the translational and
rotational velocities and comparative size of intercepted tornados with respect to some common
structures sizes (ratio of tornado radius to structure diameter or length).

Table 1-1. Illustration of Tornado Velocities from Karstens et al (2010) and Lee et al
(2004) and Tornado Comparison to Common Structure Sizes.

Translate  Rotate Tornado
Tornado Velocity  Velocity Radius E%W% P()Z'le %3 mﬂEil.;lg_
Siatford TX (Vo) (m/s) (V) (m/s) (m) Pl i
tratford,
(05-15-2003) 13 106 400 100+ 20
Manchester, SD g 4 98 96 o 3R

(06-24-2003)

Laboratory Simulation of Tornado Forces

The next logical step to tornado understanding was laboratory simulation. Chang was commonly
credited with producing the first laboratory simulation of a tornado, a schematic of which is
shown in Figure 1-1 (Millet 2003, Fouts 2003). He was able to:

Visualize the vortex with smoke;

Control circulation;

Avoid buoyancy affects with a high fan location;

Create constant vertical pressure except in the core;

Measure velocity profiles (tangential, radial, and vertical) with varying size of tornado
cores;

e Measure pressure distribution.
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Figure 1-1: Schematic of the Chang Laboratory Simulator (Fouts 2003)

He found that static pressure and tangential velocity depended on the distance from center except
in the vortex core region, where the probes in the flow skewed the results. Ward was credited
with creating what is referred to as the Ward Simulator, a schematic of which is shown in Figure
1-2 (Fouts 2003). It was a chambered simulator. The lower chamber was for the convergent
zone. The lower chamber was separated from the circular convection zone, or vortex chamber,
by a rotating circular screen. Above the vortex chamber was a honevcomb screen. The screen
separated the vortex chamber from a fan. The fan created inflow at the bottom of the simulator
and updraft in the vortex chamber. The tangential velocity was controlled by the rotating screen
and the radial velocity by the exhaust fan.

Figure 1-2: Schematic of the Ward Laboratory Simulator (Fouts 2003)

Ward’s design was able to straighten the flow by separating the convergent and convection areas.
It changed the top collection area design to remove tangential component vorticity variations.
The simulator:

¢ Characterized surface pressure profiles;

e Produced bulging deformations of the vortex core;

e Produced multiple vortices in a single convergence.

Numerous other attempts at |aboratory simulation have been performed, notably at Purdue
University, Texas Tech University, and Oklahoma University (Fouts 2003). The work was based
on the Ward Simulator. In particular, the work at Purdue University (Figure 1-3):

o Improved air inflow by using vane-created flow instead of screen-mesh inflow;

e Created multiple vortices within the chamber at the same time;
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e Realized downdraft pressure in a two-celled vortex;
e Used Laser-Doppler velocimeters to prevent skewing of results inherent in probe-type
velocimeters.

i i it Y !
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Figure 1-3: Schematic of Purdue and Other Current Laboratory Simulators (Fouts 2003)

The improvements from the Purdue work were incorporated into current laboratory simulator
designs. Despite the work performed by the laboratory simulators, little simulator work was
done to ascertain the forces on structures due to tornados until recently. Furthermore, tornados
are a translating phenomenon, yet none of the previous attempts at laboratory simulation
accounted for the translational effects of tornado wind forces. The lack of tornado-structure
interaction and translation limited previous laboratory simulation attempts at characterizing
tornado winds.

Sarkar et al (2005, 2006, 2008), Haans et al (2008, 2010), Sengupta et al (2008), and Zhang and
Sarkar (2009) developed the first known simulator that could not only simulate tangential
velocity and updraft but could also create translational velocity (Figures 1-4 and 1-5). The
simulator was circular and was suspended from a crane rail system. The simulator created flow
from continuous ducting around its perimeter. Airflow was drawn vertically through a honey-
comb screen centered in the top of the vortex chamber by a fan suspended just above the screen.
The air flow was recycled through the top of the simulator, through vanes capable of directing
the airflow, and out to the outer perimeter of the simulator. The air was directed downward
through the continuous perimeter ducting, where it was directed into the vortex chamber of the
simulator again. The device simulated a thunderstorm by producing a strong region of updraft
surrounding a spinning tube of air that descended toward the ground plane. This spinning air,
which was created by adjustable turning vanes at the top of the simulator, simulated the Rear
Flank Downdraft (RFD) of a tornado. The simulator used the swirl ratio to calculate the vortex
tangential velocity. The simulator predicted the pressure drop through the airflow circuit. The
pressure drop was used to calculate the vertical velocity. Tornado simulation was correlated to
actual measured field conditions in a tornado that passed through Spencer, South Dakota in 1998
and one that passed through Mulhall, Oklahoma in 1999 (Figure 1-6).
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Figure 1-4: Schematic of the lowa State Laboratory Simulator (Sarkar et al 2005)

Figure 1-5: Towa State Laboratory Simulator (Sarkar et al 2006)
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Figure 1-6: Correlation of the lowa State Laboratory Simulator Tangential Velocity with
Observed Data and Numerical Simulation (Sarkar et al 2005)

The simulator was also used to study the effect of surface roughness on tangential velocity. It
was found that surface roughness decreased the tangential velocity. Furthermore, the simulator
was used to measure the velocity and pressure effects on various sized buildings, including
single-story, gable-roof buildings similar to typical residential dwellings. The laboratory
simulation of a single-story, gable-roof building and a cube building showed that the peak lateral
force coefficients in tornadoes may exceed the corresponding ASCE 7-05, main-wind-force-
resisting system (MWFRS) design force coefficients for a 90 mile per hour straight linc wind by
a factor of 1.50 to 2.07. The peak uplift force coefficients were exceeded by a factor of between
1.46 to 1.8 to 3.2. For components and cladding, the lateral force coefficients in tornados may
exceed the ASCE 7-05 coefficients by a factor of 1.3, with peak uplift force coefficients
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exceeded by a factor of between 1.4 and 2.4. The simulation was correlated to an F2 tornado.
Tornados of F5 intensity were shown to create uplift forces that ranged from 3.7 to 5.8.

The simulator does not, however, predict pressure drop but back calcula