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ADDENDUM NO. 1 

TO: PLANS AND SPECIFICATIONS FOR STATE OF MISSOURI 

New Premium Campsites
Watkins Woolen Mill State Park and State Historic Site 
Project No. X2220-01 

Bid Opening Date: 1:30 PM, Thursday, May 29, 2025 (Changed) 

Bidders are hereby informed that the construction Plans and/or Specifications are 
modified as follows: 

SPECIFICATION CHANGES: 

1. Section 011000 – Summary of Work

a. As stated in part 1.8 Owner-Furnished Products, the Owner will provide the shower
house, Tuff Shed, fire rings, picnic tables, lantern hangers and campsite post markers.
All items will be installed by the contractor except for the Tuff Shed and picnic tables.

DRAWING CHANGES/CLARIFICATIONS: 

1. Sheet G-000 – access gate area added to location map.

2. Sheet L-404, detail 1 Prefabricated Shower House Plan – an MEP is not required; however, all
required venting, electrical and plumbing work must be performed by licensed professionals
provided by the contractor.

3. Sheet L-501, detail 03 – as the note states, this detail only applies to locations where the
sidewalk abuts the parking lot, which is the shower house. It does not apply to campsite pads.

4. Sheet C-001, General Note #13 – Permits should be up to date. Any additional permits that
should arise shall be the responsibility of the contractor.

5. Sheet C-501, revise reference to match line C113. This should refer to C-502.

6. Sheet C-502, revise reference to match line C112. This should refer to C-501.

7. Sheet C-522, straw wattles shall be a minimum 9-inches in diameter.

8. Sheet C-601, Phase III notes – delete “sod right-of-way.” Disturbed areas will be seeded.
Refer to specifications.

GENERAL COMMENTS: 

1. RESPONSE TO QUESTIONS:
a) There is a reference made to obtaining permits from Platte County.  The project is in

Clay County.
b) Topsoil is to be stockpiled and re-used on site. Excess topsoil and other soils are to be

removed from the site
c) The NPDES Land Disturbance Permit is provided in the Appendix of the Specifications
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d) State Parks will perform necessary Bat Surveys prior to tree removal.
e) Question: The IPS DR-11 water line drawings include notes about installing bends.  If 

we use a roll, will it be necessary to cut the pipe and install a bend instead of making a 
long sweep with no fittings?
Response: Long sweeps are acceptable on the service lines if there are not additional 
crossings or conflicts presented. If a conflict is present, bends shall be installed. Water 
main shall be constructed as shown on the plans.

f) Question: Please list the size of the water main we tie into on 162nd Street. Response: 

10” Public Water Main along 162nd Street.

g) Question: Will the tie in at 162nd require a tapping sleeve and valve?  It is not shown. 
Response: Tapping sleeves and valves required, see connection details per Sheet 
C-521.

h) Question: Please provide more information about the Rigid Lip shown on Sheet C-518 
and the detail on Sheet C-523
Response: See note for Level Spreader Detail – “Rigid Lip 6”x6” Cast in Place 
Concrete Strip”. Per sheet C-518, shall be 46 LF.

i) Question: For the water, is it OK to propose SDR-21, Class 200?
Response: Yes, SDR-21.

j) Question: On the sewer, should I price SDR-35 or SDR-26?
Response: Price SDR-26.

k) Question: Who pays the power company for extending service to the proposed control 
panel locations?
Response: The Contractor, who will be reimbursed by the State of Missouri.

l) Sheet C-102 refers to MSP Lagoon Sanitary Plans.
Response: See attached for plans of existing lagoon.

m) Soil Boring B-02 is the only one that reports Lean Clay (low plasticity).  Is it expected 
that we import 12” of lean clay under all roadways and concrete pads?
Response: Refer to Geotech report and specification Section 012200 Unit Prices. 
Items B, C, D and E are options provided for remediation of high plastic clays and 
other select areas.

n) Question: Please list the contact information for the local power company. I think the 
drawings may need updated.
Response: Contact information shown on E-201 is correct. Phone for Joshua Meyer is
816-629-2843. Phone number for Jacob Bishop is 816-903-7374.

o) Question: Are there CAD files for the site grading available?
Response: Contract Chad Potter or Ashley Shmalberg from Vireo to request access to 
the shared files. Chad@bevireo.com or Ashley@bevireo.com.

2. The Pre-Bid Meeting was held on May 7, 2025 at 10:00 AM.
3. Please contact Paul Girouard, Contract Specialist, at 573-751-4797 or

Paul.girouard@oa.mo.gov for questions about bidding procedures, MBE\WBE\SDVE Goals, 
and other submittal requirements.

4. The deadline for technical questions is March 22, 2025 at 12:00 PM.

mailto:Chad@bevireo.com
mailto:Ashley@bevireo.com
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5. Changes to, or clarification of, the bid documents are only made as issued in the addenda.
6. Chad Potter will be out of the office May 26-30. Please route addendum questions to Ashley

Shmalberg. Email address Ashley@bevireo.com.
7. All correspondence with respect to this project must include the State of Missouri project

number as indicated above.
8. Current Plan holders list available online at

https://www.oafmdcplanroom.com/projects/2792/plans/X2220-01-new-premium-campsites
9. Prospective Bidders contact American Document Solutions, 1400 Forum Blvd Suite 1C,

Columbia MO 65201, 573-446-7768 to order official plans and specifications.
10. All bids shall be submitted on the bid form without additional terms and conditions,

modifications, or stipulations.  Each space on the bid form shall be properly filled
including a bid amount for each alternate.  Failure to do so will result in rejection of the
bid.

11. MBE/WBE/SDVE participation requirements can be found in DIVISION 00.  The
MBE/WBE/SDVE participation goals are 10%/10%/3%, respectively.  Only certified firms
as of the bid opening date can be used to satisfy the MBE/WBE/SDVE participation
goals for this project.  If a bidder is unable to meet a participation goal, a Good Faith
Effort Determination Form must be completed.  Failure to complete this process will
result in rejection of the bid.

ATTACHMENTS: 

1. Attendance Sheet
2. Modular Unit Plan
3. Watkins Mill State Park & Historic Site Upgrade Wastewater Treatment System Plans
4. Sheet G-000

May 9, 2025 

END OF ADDENDUM NO. 1 

https://oa.mo.gov/sites/default/files/bid-opportunities/X2220-01%20Bid%20Plans.pdf
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FORM ISQA 2.4a Correspondence (Corp) Template 2020-01-28 

 

 
 
October 31, 2024 
 
 
 
Missouri Public Service Commission 
Manufactured Housing Department 
200 Madison St.  Suite 530 
Jefferson City, MO 65101 
 
Attn:  David Freeman 
 
              CXT Inc-Hillsboro, TX 

   Model:   Rainier RN-125-MO 
 
Dear Mr. Freeman, 
 
Attached is (1) copy of the above referenced project.  This project has been reviewed and found to be in 
compliance with the applicable codes and regulations for the State of Missouri as evidenced by the NTA 
approval stamp on each page.    
 
 
If you should have any questions, please feel free to contact me at your convenience. 
 
Sincerely, 
 

Chris Pfleegor 
 
Chris Pfleegor 
Account Manager 
ICC NTA, LLC 
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Revised: 5/10/18 

 
 Missouri Public Service Commission 

    Manufactured Housing & Modular Unit Program 

                    Plan Review Form 
 

To be completed by the Third Party Agency. 

 
We, the Third Party Agency, have reviewed and approved plans from: 

Manufacturer Name  

Project Name  

Job Number 

Number of Units 

Location of Project (Exact Location Required) 

 
This unit meets or exceeds the:    
 
 

 2015 International Building Code (IBC) 
 2015 International Residential Code (IRC) 
 2015 International Plumbing 
 2015 International Mechanical Code 
 2015 International Fuel Gas Code 
 2014 National Electric Code (NFPA) 

Seismic Design Category  (Please specify) 

An on-line inspection for compliance will be completed for the above units. 

Third Party Name 

Address 

Phone Fax 

Contact Email Address: 

Representative Name: Representative Title 

Please send the complete plan approval submission to: 
(See Plan Approval Checklist for Submission Guidelines) 

Mailing Address: 
 
Missouri Public Service Commission 
Manufactured Housing & Modular Unit Program 
P.O. Box 360 
Jefferson City, MO  65102 

Street Address: 
 
Missouri Public Service Commission 
Manufactured Housing & Modular Unit Program 
200 Madison Street, Suite 500 
Jefferson City, MO  65101 

 
Phone:  800-819-3180 
Fax:  573-522-2509 

 
Web Address:  www.psc.mo.gov 

 
This form must accompany the plan approval form as well as any other required documentation and fees. 
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Interior Lighting Compliance Certificate
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Exterior Lighting Compliance Certificate

October 27, 2024
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CXT Inc. (Precast Division)

Calculations

Seismic Design Category: E

400 psf Live Floor Load

RAINIER RN-125
Structural Analysis

Design Loads

250 psf Ground Snow Load
Wind Speed – 150 mph Exp. C

Design Standards

UL-752 Bullet Resistance

ASCE 7-16/ ACI 318-14

Classification: Level IV
Report #: 2012-647

2018 International Building Code

THIS REPORT CONTAINS 33 PAGES, INCLUDING THIS COVER AND THE TABLE OF CONTENTS. ANY ADDITIONS TO,
ALTERATIONS OF, OR UNAUTHORIZED USE OF EXCERPTS FROM THIS REPORT ARE EXPRESSLY FORBIDDEN.

October 27, 2024
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Page(s)

1
2

3-4
5-8
9-28
29-30

31

Table of Contents

Description
2018 International Building Code

Roof Panel Analysis
Wall Panel Analysis

ASCE 7-16 MWFRS and C&C Wind Loads
ASCE 7-16 Snow Loads

ASCE 7-16 Seismic Loads

Floor Analysis
Building Analysis

Appendix: (Provided Upon Request) UL-752 Bullet Resistance Testing

THIS REPORT CONTAINS 33 PAGES, INCLUDING THE COVER AND THIS TABLE OF CONTENTS. ANY ADDITIONS TO,
ALTERATIONS OF, OR UNAUTHORIZED USE OF EXCERPTS FROM THIS REPORT ARE EXPRESSLY FORBIDDEN.

All attached documents are for reference only and designed or approved by others.

October 27, 2024
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Category II
Exposure C
Velocity 150 mph
h.wind 7.96 ft
h.lee 7.96 ft
W.building 10.5 ft
L.building 23.67 ft
H.building 9.69 ft
Roof Rise 3

14.04 deg
Kd 0.85
K1 0.00
K2 0.00
K3 0.00

Kzt 1
h 8.824 ft
na 8.50
Flexibility Rigid

9.5
zg 900 ft

K(z) 0.849

qz 41.56 psf Gable

Opening Area Gross Area Agi Aoi Condition 1 Condition 2 Condition 3 Condition 4
0 sq ft 188.4 sq ft 622.2 sq ft 0 sq ft 0.00 0.00 0.00 0.00
0 sq ft 92.7 sq ft 717.9 sq ft 0 sq ft 0.00 0.00 0.00 0.00
0 sq ft 188.4 sq ft 622.2 sq ft 0 sq ft 0.00 0.00 0.00 0.00
0 sq ft 92.7 sq ft 717.9 sq ft 0 sq ft 0.00 0.00 0.00 0.00
0 sq ft 248.5 sq ft 562.1 sq ft 0 sq ft 0.00 0.00 0.00 0.00

G = 0.85

Cpo 0.8
0.8 Negative: -7.48 psf

-0.500 L/B = 0.44 Positive: 7.48 psf
-0.287 L/B = 2.25

-0.7

Pos. Windward Neg. Windward Leeward

-0.180 -0.953 -0.581

1.12 psf
0 to h/2 h/2 to h h to 2h > 2h -41.14 psf

-1.17 -0.76 -0.64 -0.57

-0.90 -0.90 -0.50 -0.30

w/ Negative w/ Positive Internal
35.74 psf 20.78 psf
-16.00 psf -25.14 psf Location w/ Positive Internal
-16.00 psf -17.63 psf 0 to h/2 -39.28 psf Location w/ Positive Internal
-17.25 psf -32.21 psf h/2 to h -39.28 psf 0 to h/2 0.00 psf

h to 2h -25.14 psf h/2 to h 0.00 psf
28.26 psf Over 2h -18.08 psf h to 2h 0.00 psf

Over 2h 0.00 psf

Wind Speed: 150 mph Roof Slope: 3.00  : 12

Exposure: C
Mean Roof
 Height: 8.82 ft

1 -38.21 psf 19.98 psf -34.05 psf 11.67 psf -34.05 psf 11.67 psf
2 -71.45 psf 19.98 psf -50.67 psf 11.67 psf -50.67 psf 11.67 psf

2oh -91.44 psf - -91.44 psf - -91.44 psf -
3 -108.86 psf 19.98 psf -83.92 psf 11.67 psf -83.92 psf 11.67 psf

3oh -153.78 psf - -103.90 psf - -103.90 psf -
4 -46.52 psf 40.76 psf -38.21 psf 33.70 psf -34.05 psf 28.29 psf
5 -58.99 psf 40.76 psf -46.52 psf 33.70 psf -34.05 psf 28.29 psf
a: 3.00 ft

Leeward wall height
Width of the building
Length of the building

Main Wind Force Resisting System Loads (ASCE 7-16)
RAINIER RN-125

IBC TABLE 1604.5: Risk Category of Buildings and Other Structures.
See § 26.7.3: Exposure Categories, General. 
See Figure 26.5-1A thru 26.5-2D: Basic Wind Speed  (3 second Gust)
Windward wall height

See Figure 26.8-1: Multipliers for Obtaining Topographical Factor Kzt

Topographic factor
Mean roof height
Natural frequency

Height of the building (to the ridge).  Enter 0 if unknown.
Roof pitch (per foot)
Roof Angle
Wind directionality factor. 0.85 when using load combinations, 1.0 otherwise.

Velocity Pressure (27.3.2)
Type of Roof - Gable or Hip?

Partially Enclosed if the building meets both of the following conditions:
 1. Total area of openings in one wall exceeds area of openings in the balance of the building by more than 10%.
 2 Total area of openings in one wall exceeds 4 sq. ft. or 1% of area of that wall and the total area of openings in the balance of the building does not exceed 20% of the 
area in the balance of the building.

Zone Type:

Terrain factor
Terrain factor

Building flexibility

Velocity Pressure Exposure Coefficient
at windward eave

Leeward endwall Enclosed
Roof Enclosed

Windward sidewall Enclosed
Windward endwall Enclosed
Leeward sidewall Enclosed

w/ Positive Internal

Windward wall (Use with qz) Fig. 27.3-1
Leeward wall (wind normal to ridge) (Use with qh)
Leeward wall (wind parallel to ridge) (Use with qh)
Sidewalls  (Use with qh) Fig. 27.4-1

w/ Negative Internal

Roof Pressure Coefficients (Fig 27.3-1) 
PARALLEL to Ridge

Windward 
Leeward (wind normal)
Leeward (wind parallel)

Roof Pressure Coefficients (Fig 27.3-1) Normal to 
Ridge when Theta < 10 deg. 

*WORST CASE LOADING 

Wall Pressures: Roof Pressures: Wind Parallel to 
ridge for all roof slopes:

Roof Pressures: Wind 
Perpendicular to ridge for  < 10 

deg:

Additional Overhang Pressure:

COMPONENTS
& CLADDING

Zone
Effective Area

10.0 sq ft 100.0 sq ft 500.0 sq ft

Enclosed Gust Factor - (26.9)

External Pressure Coefficients
See 27.3.3 Roof Overhangs Internal Pressures:

Cp

Roof  Pressures Wind Perpendicular to Ridge w/
 >= 10 deg

Roof Pressure Coefficients (Fig 27.3-1) Normal to 
Ridge when Theta >= 10degrees

Higher pressures at the ridge line only applies to roof pitches > 7 
degrees

Side Wall

12 2

3 3

33 2

a

a

aa

1

4

4

5

5

5

5

a

a

a

a

h

O

h

O

CXT, Inc. (Precast Div.) Rainier RN-125 Page 1 of 31
Date: 10/24/2024
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Category II
Exposure C

Pg 250 psf
W.building 10.5 ft
L.building 23.67 ft
H.building 9.69 ft

Roof Rise (per foot) 3
14.04 deg

Ct

1.0

1.1
1.2
1.3

0.85

Ct 1.2
Is 1

Surface Unobstructed
Roof type Gable

Hor. Eave to Ridge Distance 
- windward 5.25 ft

Roof Exposure Partially exposed
Ce 1
Cs 1

Low Sloped?: Yes
Pf 210.00 psf
Ps 210.00 psf

Use unbalanced? Yes
Pwindward 0.00 psf
Pleeward_1 250.00 psf
Pleeward_2 250.00 psf

Distance from Ridge to 
Edge of Pleeward1 loading 5.3 ft

30.00 pcf Snow density Eq. 7.7-1 of ASCE 7
S 4 Run per rise of 1 ASCE § 7.1
hd 10.19 ft
hb 7.00 ft

Width of the building
Height of the building (to the ridge).  Enter 0 if unknown.

Roof pitch

ASCE 7-16 SNOW LOAD CALCULATION
IBC TABLE 1604.5: Risk Category of Buildings and Other Structures.

See § 26.7.3: Exposure Categories, General. 
See ASCE Figure 7.2-1: Ground Snow Load

Length of the building

Roof Angle

ASCE Table 7.3-2 - Thermal Condition:

Slope Factor from Figure 7.4-1

Structures kept just above freezing and others with cold, ventilated roofs in which the thermal resistance (R-
value) between the ventilated space and the heated space exceeds 25*h  (deg*sq ft/BTU).

Unheated and open air structures
Structures intentionally kept below freezing

(Choose from table above)
ASCE Table 1.5-2

ASCE § 7.4

ASCE Table 7.3-1
ASCE Table 7.3-1

All structures except as indicated below:

Continuously heated greenhouses with a roof having a thermal resistance value (R-value) less than 2.0*h  (deg*sq 
ft/BTU).

ASCE Figure 7.6-2

Height of balanced snow

ASCE § 7.6.1

Height of drifting snow on leeward side

ASCE § 7.6.1

ASCE § 7.3.4
Flat Roof Snow Load

Sloped Roof Snow Load
ASCE § 7.6.1
ASCE § 7.6.1

0

5

10

15

20

25

30

0 5 10 15 20 25

Sn
ow

 d
ep

th

Structure Cross Section

Snow Load on Gable Structure

STRUCTURE

Balanced Snow

Unblanced Snow

CXT, Inc. (Precast Div.) Rainier RN-125 Page 2 of 31
Date: 10/24/2024
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Category II
Ss 1.057 g ASCE Figure 22-1
S1 1.057 g ASCE Figure 22-2
Site Class D (Default) ASCE 20.1
TL 16.0 sec ASCE Figure 22-14
Seismic Force 
Resisting System A.5
R 4.00

0 2.5
Ct 0.02 ASCE  Table 12.8-2
x 0.75 ASCE  Table 12.8-2
hn 9.03 ft

Value 1* Value 2* *=Used for interpolation
Fa 1.2 ASCE Table 11.4-1 1.1 1 ***1.2 used per ASCE 11.4-2
Fv 1.7 ASCE Table 11.4-2 1.7 1.7

Sms = Fa * SS 1.268 g ASCE 11.4-1
Sm1 = Fv * S1 1.797 g ASCE 11.4-2

SDS = 2/3 Sms 0.846 g ASCE 11.4-3
SD1 = 2/3 Sm1 1.198 g ASCE 11.4-4

IE 1 ASCE Table 1.5-2

E
Based on SDS D Table 11.6-1

Based on SD1 E Table 11.6-2

Ta = Ct * hnx 0.10 sec ASCE 12.8-7
Ts = SD1/SDS 1.42 sec
T 0.10 sec Fundamental period of the structure (can be taken as Ta per ASCE 12.8.2)

Cs = SDS/(R/I) 0.211 ASCE 12.8-2 
Cs.min 0.132 ASCE 12.8-5 & 12.8-6
Cs.max 2.874 ASCE 12.8-3 & 12.8-4
Cs 0.211
k 1.000 ASCE 12.8.3
W 81.14 kip
V = Cs * W 42.88 kip ASCE 12.8-1 Shear with  snow load
Mo = 381.8 k-ft Overturning Moment with  snow load
V = Cs * W 35.83 kip Shear without snow load
Mo = 317.3 k-ft Overturning Moment without snow load

12.8-12 12.8-11;11.7 12.10-1

Level Story Height hi or hx

Pf  (flat roof 
snow load) wi wi*hi

k Cvx Fx

Vx  (Story 
shear) Mx

Fpx (diaphragm 

force)

Roof 8.82 ft 9.03 ft 210 psf 49.22 kip 444.6 k-ft 0.985 42.25 kip 42.25 kip 0.0 k-ft 16.65 kip
Walls 0.00 ft 0.00 ft
Floor 0.21 ft 0.21 ft 31.92 kip 6.6 k-ft 0.015 0.63 kip 42.88 kip 372.8 k-ft 10.80 kip
Base 0 ft 0.00 ft W= 81.14 kip 451.3 k-ft Mo = 381.8 k-ft

12.8-12 12.8-11;11.7 12.10-1

Level Story Height hi or hx

Pf  (flat roof 
snow load) wi wi*hi

k Cvx Fx

Vx  (Story 
shear) Mx

Fpx (diaphragm 

force)

Roof 8.82 ft 9.03 ft 0 psf 35.88 kip 324.1 k-ft 0.980 35.11 kip 35.11 kip 0.0 k-ft 12.13 kip
Walls 0.00 ft 0.00 ft
Floor 0.21 ft 0.21 ft 31.92 kip 6.6 k-ft 0.020 0.72 kip 35.83 kip 309.8 k-ft 10.80 kip
Base 0 ft 0.00 ft W= 67.79 kip 330.7 k-ft Mo = 317.3 k-ft

Max. Earthquake Ground Motion of 1.0 sec Spectral Response Acceleration

Seismic Loads (ASCE 7-16)
RAINIER RN-125

IBC TABLE 1604.5: Risk Category of Buildings and Other Structures.
Max. Earthquake Ground Motion of 0.2 sec Spectral Response Acceleration

Site classification (Use D if unknown unless jurisdiction, or geotechnical data determines Site Class E or F.)
Long Period Transition Period 

Intermediate precast shear walls ASCE Table 12.2-1Response Modification Factor
System Over strength Factor

Importance Factor 

Approximate period parameter
Approximate period parameter
Height in feet from base to highest level of structure

Interpolated Value 
Interpolated Value 

Adjusted MCE Spectral Response Acceleration at short periods
Adjusted MCE Spectral Response Acceleration at 1 sec period
(MCE = Maximum considered earthquake)

Design Spectral Acceleration Parameters
Design Spectral Acceleration Parameters

WITHOUT SNOW LOAD

Seismic Design Category

Geotechnical Investigation Report Required? Yes per ASCE 11.8.2 and 11.8.3, IBC 1803

EQUIVALENT LATERAL FORCE PROCEDURE
Approximate fundamental period

WITH SNOW LOAD

CXT, Inc. (Precast Div.) Rainier RN-125 Page 3 of 31
Date: 10/24/2024
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X Y
Lower Right 320 143

X Relative Y Relative Dist to CoRx Dist to CoRy
Stiffness Stiffness lbs plf dx (IN) dy (IN)

W1 0.00% 41.05%                  4,272                      181 0.006 64.104
W2 22.33% 0.00%                  2,323                      236 140.000 3.056
W3 22.33% 0.00%                  2,323                      236 140.000 3.056
W4 0.00% 12.11%                  1,260                      122 0.000 6.604
W5 19.53% 0.00%                  2,032                      400 0.000 25.396
W6 17.91% 0.00%                  1,863                      311 63.500 24.763
W7 17.91% 0.00%                  1,863                      311 63.500 24.763
W8 0.00% 46.84%                  4,874                      206 0.002 57.896
P1-1 0.00% 0.00%                       -                           -   78.500 24.604
P1-2 0.00% 0.00%                       -                           -   78.500 24.604

Left Edge Top Edge Right Edge Bottom Edge Live Live
Slab Thickness Weight X Y X Y X Y w snow w/o snow
R1 4.5 9565 0 0 320 71.5 210 160.0 35.8 16238 9565
R2 4.5 9581 0 71.5 320 143 210 160.0 107.3 16254 9581
F1 5 15186 18 8.5 302 134.5 400 160.0 71.5 15186 0

Totals 33461 160.0 71.1

ex ey
0.00 3.49              81,140                67,793 roof                49,223                  35,877 

floor                31,917 
X Y

160.0 71.1

X Y
160.0 74.6

Moment Moment
Wall (kip-ft) check (kip-ft) check
W1 302.82 OK 281.44 OK
W2 45.16 OK 41.96 OK
W3 45.16 OK 41.96 OK
W4 48.25 OK 69.12 OK
W5 23.35 Need More 23.35 Need More
W6 40.81 OK 37.34 OK
W7 33.06 Need More 45.09 OK
W8 246.45 OK 246.45 OK
P1-1 0.00 OK 6.89 OK
P1-2 6.89 OK 0.00 OK

Moment Moment
Wall (kip-ft) check (kip-ft) check
W1 -24.98 187.46 OK 187.46 OK OK
W2 31.67 57.54 OK 57.54 OK OK
W3 31.67 57.54 OK 57.54 OK OK
W4 7.99 60.40 OK 60.40 OK OK
W5 38.40 16.59 Try Both 15.37 Try Both OK
W6 33.70 23.95 Try Both 26.56 Try Both OK
W7 33.70 23.95 Try Both 26.56 Try Both OK
W8 -14.37 187.46 OK 187.46 OK OK
P1-1 -0.87 6.07 OK 1.73 OK OK
P1-2 -0.87 1.73 OK 6.07 OK OK

Base Anchor Base Anchor
Shear Tension

Required Available
Wall (% Capacity) (% Capacity) Lower Right Upper Left Lower Right Upper Left
W1 0.0% 100.0% 490.28 468.89 OK OK
W2 0.0% 100.0% 102.71 99.50 OK OK
W3 0.0% 100.0% 102.71 99.50 OK OK
W4 0.0% 100.0% 108.65 129.53 OK OK
W5 0.0% 100.0% 39.93 38.72 OK OK
W6 0.0% 100.0% 64.76 63.90 OK OK
W7 0.0% 100.0% 57.01 71.65 OK OK
W8 0.0% 100.0% 433.91 433.91 OK OK
P1-1 0.0% 100.0% 6.07 8.62 OK OK
P1-2 0.0% 100.0% 8.62 6.07 OK OK

Snow/Live
(psf)

Center of Gravity

Center of Mass & Rigidity
RAINIER RN-125

Upper Left = 0,0

Wall Shear Force

Center of Gravity

Center of Rigidty

Wall Overturning Checks Using Weight of Adjacent Walls
Force Transferred by Connections Between Walls

Anchorage Required Toward Lower Right Toward Upper Left

Torsional Eccentricity Wgt
(w snow)

Wgt
(w/o snow)

wgt
(w snow)

wgt
(w/o snow)

-24.98 None Required
31.67 None Required
31.67 None Required

Overturning status
using just connection

to adjacent walls

to Resist Overturning Anchor Resistance Anchor Resistance
From Design Moment

(kip-ft)

33.70 TRY BASE ANCHORS
-14.37 None Required
-0.87 None Required

7.99 None Required
38.40 TRY BASE ANCHORS
33.70 None Required

-0.87 None Required

Anchor Resistance Anchor Resistance

(4316)
(523)
(523)
(1948)

Overturning resistance considers only the weight of the wall, the weight of the roof supported by the wall, and connection to adjacent walls.  Roof weight supported by 
other walls has not been considered.  Connection to adjacent walls is taken as the connection capacity, not to exceed that portion of the adjacent wall weight that can 

be reasonably attributed to the connection.

Wall Overturning Checks Using Base Anchors Only
Must investigate ONLY if connection to adjacent walls is insufficient

Design
Moment
(kip-ft)

Toward Lower Right Toward Upper Left Combined
Loading

Unity
Check

Required Tension
Capacity per

Base Anchor (lb)

3225 
(389)

75 
(3674)
(499)
(499)

From Base Anchors Base Anchors

Wall Overturning Checks Using Base Anchors and Connection to Adjacent Walls
Must investigate ONLY if both base anchor alone and adjacent walls alone are insufficient

Available Overturning Overturning
Resistance (kip-ft) Unity Check of

CXT, Inc. (Precast Div.) Rainier RN-125 Page 4 of 31
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Material Properties
5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 91.125 in^4
Ag = (b*h) 54 in^4
Yt = h/2 2.25 in^4

Geometric Properties Mcr 21.48 ACI 9.5.2.3
26.67 ft Beta 1 0.8 ACI 10.2.7.3
6.09 ft delta initial 180

Two-way slab delta longterm 480
0.375 in B 8.830

12 in kd 0.776 in
4.5 in I.cr 11.45 in^4

1 1/4  in c 0 in
3/4  in a 0.32 in

0.319 in
1.4095 in bottom mesh
3.431 in 0.0049

8.5 in 1 {qty of overhangs in Bs direction} top mesh = 0.0784 psi
18 in 2 {qty of overhangs in ls direction} 0.0119
0.211 both layers = 0.1904 psi

2 0.0138
4 = 0.2208 psi

Reinforcement Limits
0.0166 ACI 10.3.3

0.0014 ACI 7.12.2

0.0027 ACI 10.5.1 Wire Size W6.7 Wire Size W6.7
0.0033 Trial As' req'd spacing 4 in Trial Ast required spacing 4 in
0.0033 0.00 in^2 Mesh Area 0.20 in^2  = As' 0.136 in^2 Mesh Area 0.20 in^2  = As

Loading Pressure on Section Pressure on Section

w
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be
Unfactored Pressure 

on Slab W
60.938 psf ACI eq. 9-3 496.213 psf 0.41 klf 0.09 klf 300.0825 psf

210 psf
0 psf

30 psf
108.86 psf
12.88 psf 5.382 ft

7.89 ft
Pressure on Section Pressure on Section

W
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be  
60.938 psf ASCE7-05 eq CC1b 165.938 psf 0.14 klf 0.03 klf SUMMARY

210 psf Use 1 Layer of Wire Mesh on Top W6.7 x W6.7 x 4 x 4
30 psf Use 1 Layer of Wire Mesh on Bottom W6.7 x W6.7 x 4 x 4

B (Span in the short direction) = Bs-1(oh1)

Pressure on Section

trial (trial reinforcement ratio bottom)

S (Snow Load)
L (Live Load)
Lr (Live Roof Load)
W (Wind Load)
E (Earthquake Load)

 

trial (trial reinforcement ratio top)

Lr (Live Roof Load)

L (Span in the long direction) = Ls-2(oh2)
Sustained Loading Factored Sustained Loads

Pressure on slab

D (Dead load)
S (Snow Load)

Pressure on Section

Pressure on Slab wB =
W*(L^4 / B^4 + L^4)*be

wL =
W*(B^4 / B^4 + L^4)*be

D (Dead load)) 0.25 klf 0.05 klf

Design Loads Factored Design Loads Unfactored Design Loads

t (maximum tensile reinforcement)

provided (reinforcement ratio provided)  

temp (min. temperature reinforcement)

min (minimum tensile reinforcement)

provided (reinforcement ratio provided)NBs (qty of walls in Bs direction) {walls that support one or more roof panels in the short direction}

Wire Mesh (Top) Wire Mesh (Bottom)

 

Nls (qty of walls in ls direction) {walls that support one or more roof panels in the long direction}

provided (reinforcement ratio provided)  

dt (effective depth top)
db (effective depth bottom)
oh1 (overhang length and qty for Bs)
oh2  (overhang length and qty for ls)
Cs (% of DL used for Seismic) {from seismic analysis}

rd (assumed reinf. diameter) (if centered enter 0)

(typically 12 inches)
h (section thickness)

 
ct (cover top)
cb (cover bottom)

Bs (overall width of slab)
Design will be performed as :
tfr (roof finish thickness)
b (section width)

Steel Reinforcement

Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Ls (overall length of slab)

Fy
Lightweight?

Plain WWF Grade 80

RAINIER RN-125
DESIGN OF ROOF PANELS MARK R1

f ' c

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

1.20 1.20 kip

0.43 0.43 0.40 0.40 

1.25 1.25 
5.382 ft 7.89 ft

5.382 ft 7.89 ft

0.76 0.76 0.67 0.67 
7.89 ft5.382 ft
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Material Properties
5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 91.125 in^4
Ag = (b*h) 54 in^4
Yt = h/2 2.25 in^4

Geometric Properties Mcr 21.48 ACI 9.5.2.3
26.67 ft Beta 1 0.8 ACI 10.2.7.3
6.09 ft delta initial 180

Two-way slab delta longterm 480
0.375 in B 8.830

12 in kd 0.776 in
4.5 in I.cr 11.45 in^4

1 1/4  in c 0 in
3/4  in a 0.32 in

0.319 in
1.4095 in bottom mesh
3.431 in 0.0049

8.5 in 1 {qty of overhangs in Bs direction} top mesh = 0.0784 psi
18 in 2 {qty of overhangs in ls direction} 0.0119
0.211 both layers = 0.1904 psi

2 0.0138
4 = 0.2208 psi

provided (reinforcement ratio provided)  

provided (reinforcement ratio provided)NBs (qty of walls in Bs direction) {walls that support one or more roof panels in the short direction}

 

Nls (qty of walls in ls direction) {walls that support one or more roof panels in the long direction}

provided (reinforcement ratio provided)  

dt (effective depth top)
db (effective depth bottom)
oh1 (overhang length and qty for Bs)
oh2  (overhang length and qty for ls)
Cs (% of DL used for Seismic) {from seismic analysis}

rd (assumed reinf. diameter) (if centered enter 0)

(typically 12 inches)
h (section thickness)

 
ct (cover top)
cb (cover bottom)

Bs (overall width of slab)
Design will be performed as :
tfr (roof finish thickness)
b (section width)

Steel Reinforcement

Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Ls (overall length of slab)

Fy
Lightweight?

Plain WWF Grade 80

RAINIER RN-125
DESIGN OF ROOF PANELS MARK R1

f ' c

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

Flexure

Flexural Moments for Bs Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M

Mn = 
Check

Mn > Mu
% allowed

Mpos (positive Moment) = (wB*B^2) / 8 1.48 kip-ft 0.036 Tension 0.9 3.96 kip-ft 0 kip-ft 3.96 kip-ft O.K. 37.37%

Mu S
Elastic Section Modulus b Mn = 

5*(f 'c*S)^0.5
Check

Mn > Mu
% allowed

Mneg (negative Moment) = (wB*oh1^2) / 2 0.103 kip-ft 0.023 ft^3 0.55 0.941 kip-ft O.K. 10.93%
Mneg (negative Moment) = (wB*oh2^2) / 2 0.103 kip-ft 0.023 ft^3 0.55 0.941 kip-ft O.K. 10.93%

Flexural Moments for ls Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M

Mn = 
Check

Mn > Mu
% allowed

Mpos (positive Moment) = (wL*L^2) / 8 0.700 kip-ft 0.036 Tension 0.9 3.96 kip-ft 0 kip-ft 3.96 kip-ft O.K. 17.69%

Mu
S

Elastic Section Modulus b Mn = 
5*(f 'c*S)^0.5

Check
Mn > Mu

% allowed

Mneg (negative Moment) = (wL*oh1^2) / 2 0.10125 0.023 ft^3 0.55 0.941 kip-ft O.K. 10.76%
Mneg (negative Moment) = (wL*oh2^2) / 2 0.10125 0.023 ft^3 0.55 0.941 kip-ft O.K. 10.76%

Shear

Maximum Shear for Bs Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

Vu = wB (B/2) 1.10 kip 0.85 5.82 kip 4.95 kip O.K. 22.29%
per ACI 22.8

Vu for side overhang 1 = wB*oh1 0.29 kip 0.55 2.98 kip 1.64 kip O.K. 17.71%
Vu for side overhang 1 = wB*oh1 0.29 kip 0.55 2.98 kip 1.64 kip O.K. 17.71%

Shear for Ls Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

Vu = wL (L/2) 0.12 kip 0.85 5.82 kip 4.95 kip O.K. 2.39%
per ACI 22.8

Vu for end overhang 2 = wL*oh2 0.05 kip 0.55 2.98 kip 1.64 kip O.K. 2.74% Span type: K Epsilon
Vu for end overhang 2 = wL*oh2 0.05 kip 0.55 2.98 kip 1.64 kip O.K. 2.74% Simple span 1 6 months 1.2

Deflection
Service Loads

Span Mserv M.sus I.eff.serv I.eff.sustained Immediate Deflection      i
comp

Long-Term 
Deflection        l-

t

total long-term 
deflection ( i + l-

t)  allow (immediate)
allow      

(long term)

Check 
short term
deflection

Check total 
long term 
deflection

% allowed 
- short term

% allowed - 
total long 

term
B 1.48 kip-ft 0.507 kip-ft 91.13 in^4 91.13 in^4 0.007 in 0.0049 0.9639 0.007 in 0.013 in 0.3588 in 0.1345 in O.K. O.K. 1.89% 4.85%
L 0.7 kip-ft 0.233 kip-ft 91.13 in^4 91.13 in^4 0.000 in 0.0049 0.9639 0.007 in 0.013 in 0.5260 in 0.1973 in O.K. O.K. 0.00% 3.31%

Sustained
Load Duration

 Structural Plain Concrete per ACI 22.5

 Structural Plain Concrete per ACI 22.5
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Material Properties
5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 91.125 in^4
Ag = (b*h) 54 in^4
Yt = h/2 2.25 in^4

Geometric Properties Mcr 21.48 ACI 9.5.2.3
26.67 ft Beta 1 0.8 ACI 10.2.7.3
6.09 ft delta initial 180

One-way slab delta longterm 480
0.375 in B 8.830

12 in kd 0.776 in
4.5 in I.cr 11.45 in^4

1 1/4  in c 0 in
3/4  in a 0.32 in

0.319 in
1.4095 in bottom mesh
3.431 in 0.0049

8.5 in 1 {qty of overhangs in Bs direction} top mesh = 0.0784 psi
18 in 2 {qty of overhangs in ls direction} 0.0119
0.211 both layers = 0.1904 psi

1 0.0138
3 = 0.2208 psi

Reinforcement Limits
0.0166 ACI 10.3.3

0.0014 ACI 7.12.2

0.0027 ACI 10.5.1 Wire Size W6.7 Wire Size W6.7
0.0033 Trial As' req'd spacing 4 in Trial Ast required spacing 4 in
0.0033 0.00 in^2 Mesh Area 0.20 in^2  = As' 0.136 in^2 Mesh Area 0.20 in^2  = As

Loading Pressure on Section Pressure on Section

w
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be
Unfactored Pressure 

on Slab W
60.938 psf ACI eq. 9-3 496.213 psf 0.5 klf 0 klf 300.0825 psf

210 psf
0 psf

30 psf
108.86 psf
12.88 psf 5.382 ft

11.835 ft
Pressure on Section Pressure on Section

W
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be  
60.938 psf ASCE7-05 eq CC1b 165.938 psf 0.17 klf 0 klf SUMMARY

210 psf Use 1 Layer of Wire Mesh on Top W6.7 x W6.7 x 4 x 4
30 psf Use 1 Layer of Wire Mesh on Bottom W6.7 x W6.7 x 4 x 4

RAINIER RN-125
DESIGN OF ROOF PANELS MARK R2

f ' c

Bs (overall width of slab)

Steel Reinforcement Plain WWF Grade 80
Fy
Lightweight?
Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Ls (overall length of slab)

Design will be performed as :
tfr (roof finish thickness)
b (section width) (typically 12 inches)
h (section thickness)

 
ct (cover top)
cb (cover bottom)
rd (assumed reinf. diameter) (if centered enter 0)

 dt (effective depth top)
db (effective depth bottom) provided (reinforcement ratio provided)  
oh1 (overhang length and qty for Bs)

Wire Mesh (Bottom)

oh2  (overhang length and qty for ls) provided (reinforcement ratio provided)  
Cs (% of DL used for Seismic) {from seismic analysis}

NBs (qty of walls in Bs direction) {walls that support one or more roof panels in the short direction} provided (reinforcement ratio provided)
Nls (qty of walls in ls direction) {walls that support one or more roof panels in the long direction}

t (maximum tensile reinforcement)

temp (min. temperature reinforcement) Wire Mesh (Top)

min (minimum tensile reinforcement)

trial (trial reinforcement ratio bottom)  

trial (trial reinforcement ratio top)

Design Loads Factored Design Loads

Lr (Live Roof Load)

Unfactored Design Loads Pressure on Section Pressure on Section

Pressure on Slab wB =
W*(L^4 / B^4 + L^4)*be

wL =
W*(B^4 / B^4 + L^4)*be

D (Dead load)) 0.81 klf 0 klf
S (Snow Load)
L (Live Load)

W (Wind Load)
E (Earthquake Load) B (Span in the short direction) = Bs-1(oh1)

L (Span in the long direction) = Ls-2(oh2)
Sustained Loading Factored Sustained Loads

Pressure on slab

D (Dead load)
S (Snow Load)
Lr (Live Roof Load)

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

0.00 0.00 kip

0.52 0.52 0.00 0.00 

1.52 1.52 
5.382 ft 11.835 

5.382 ft 11.835 

2.47 2.47 0.00 0.00 
11.835 ft5.382 ft
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Material Properties
5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 91.125 in^4
Ag = (b*h) 54 in^4
Yt = h/2 2.25 in^4

Geometric Properties Mcr 21.48 ACI 9.5.2.3
26.67 ft Beta 1 0.8 ACI 10.2.7.3
6.09 ft delta initial 180

One-way slab delta longterm 480
0.375 in B 8.830

12 in kd 0.776 in
4.5 in I.cr 11.45 in^4

1 1/4  in c 0 in
3/4  in a 0.32 in

0.319 in
1.4095 in bottom mesh
3.431 in 0.0049

8.5 in 1 {qty of overhangs in Bs direction} top mesh = 0.0784 psi
18 in 2 {qty of overhangs in ls direction} 0.0119
0.211 both layers = 0.1904 psi

1 0.0138
3 = 0.2208 psi

RAINIER RN-125
DESIGN OF ROOF PANELS MARK R2

f ' c

Bs (overall width of slab)

Steel Reinforcement Plain WWF Grade 80
Fy
Lightweight?
Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Ls (overall length of slab)

Design will be performed as :
tfr (roof finish thickness)
b (section width) (typically 12 inches)
h (section thickness)

 
ct (cover top)
cb (cover bottom)
rd (assumed reinf. diameter) (if centered enter 0)

 dt (effective depth top)
db (effective depth bottom) provided (reinforcement ratio provided)  
oh1 (overhang length and qty for Bs)
oh2  (overhang length and qty for ls) provided (reinforcement ratio provided)  
Cs (% of DL used for Seismic) {from seismic analysis}

NBs (qty of walls in Bs direction) {walls that support one or more roof panels in the short direction} provided (reinforcement ratio provided)
Nls (qty of walls in ls direction) {walls that support one or more roof panels in the long direction}

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

Flexure

One-way slab Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M

Mn = 
Check

Mn > Mu
% allowed

Mpos (positive Moment) = (wB*B^2) / 8 1.81 kip-ft 0.036 Tension 0.9 3.96 kip-ft 0 kip-ft 3.96 kip-ft O.K. 45.71%

Mu S
Elastic Section Modulus b Mn = 

5*(f 'c*S)^0.5
Check

Mn > Mu
% allowed

Mneg (negative Moment) = (wB*oh1^2) / 2 0.125 kip-ft 0.023 ft^3 0.55 0.941 kip-ft O.K. 13.33%
Mneg (negative Moment) = (wB*oh2^2) / 2 0.125 kip-ft 0.023 ft^3 0.55 0.941 kip-ft O.K. 13.33%

 Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M

Mn = 
Check

Mn > Mu
% allowed

Mpos (positive Moment) = (wL*L^2) / 8 0.000 kip-ft 0.036 Tension 0.9 3.96 kip-ft 0 kip-ft 3.96 kip-ft O.K. 0.00%

Mu
S

Elastic Section Modulus b Mn = 
5*(f 'c*S)^0.5

Check
Mn > Mu

% allowed

Mneg (negative Moment) = (wL*oh1^2) / 2 0 0.023 ft^3 0.55 0.941 kip-ft O.K. 0.00%
Mneg (negative Moment) = (wL*oh2^2) / 2 0 0.023 ft^3 0.55 0.941 kip-ft O.K. 0.00%

Shear

One-way slab Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

Vu = wB (B/2) 1.35 kip 0.85 5.82 kip 4.95 kip O.K. 27.18%
per ACI 22.8

Vu for side overhang 1 = wB*oh1 0.35 kip 0.55 2.98 kip 1.64 kip O.K. 21.60%
Vu for side overhang 1 = wB*oh1 0.35 kip 0.55 2.98 kip 1.64 kip O.K. 21.60%

Shear for Ls Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

Vu = wL (L/2) 0.00 kip 0.85 5.82 kip 4.95 kip O.K. 0.00%
per ACI 22.8

Vu for end overhang 2 = wL*oh2 0.00 kip 0.55 2.98 kip 1.64 kip O.K. 0.00% Span type: K Epsilon
Vu for end overhang 2 = wL*oh2 0.00 kip 0.55 2.98 kip 1.64 kip O.K. 0.00% Simple span 1 6 months 1.2

Deflection
Service Loads

Span Mserv M.sus I.eff.serv I.eff.sustained Immediate Deflection      i
comp

Long-Term 
Deflection        l-

t

total long-term 
deflection ( i + l-

t)  allow (immediate)
allow      

(long term)

Check 
short term
deflection

Check total 
long term 
deflection

% allowed 
- short term

% allowed - 
total long 

term
B 1.81 kip-ft 0.615 kip-ft 88.50 in^4 91.13 in^4 0.008 in 0.0049 0.9639 0.008 in 0.016 in 0.3588 in 0.1345 in O.K. O.K. 2.29% 5.88%
L 0 kip-ft 0 kip-ft 0.00 in^4 0.00 in^4 0.000 in 0.0049 0.9639 0.008 in 0.016 in 0.7890 in 0.2959 in O.K. O.K. 0.00% 2.68%

Sustained
Load Duration

 Structural Plain Concrete per ACI 22.5

 Structural Plain Concrete per ACI 22.5

CX
T

, Inc. (Precast D
iv.)

R
ainier R

N
-125

Page 8 of 31
D

ate: 10/24/2024

freemd
New Stamp



W1

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall X
Lightweight? No Center of gravity X 160.006

Steel Reinforcement Plain WWF Grade 80 X Corridinate 18
Fy wire mesh 80000 psi Y Corridinate 10.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? No

Concrete density 150 pcf Center of gravity Y 10.500
E (Steel) 29000000 psi Wall Weight 8263.000 lbs.

Vc 3.394 kip Analyisis will be performed as : One-way slab
Phi*Vc 2.885 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 95.5 in

Phi.v 0.85 Lh (length of wall) 23.667 ft

h (section thickness) 4 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.708 in

roe.min.vert 0.0012 cb (cover bottom) 1.708 in

Max Horizontal spacing 18 in db (effective depth bottom) 2 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 2 in

D (Dead load) + Ww ( Wall weight) 110.94 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 9.78 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 35.625 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 1.71 kip Lw = W*(L^4 / H^4 + L^4) 0 klf
Hw = W*(L^4 / H^4 + L^4) 0.09 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(L^4 / H^4 + L^4) 0.06 klf

Axial Pressure on Section
PB 1.13 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / H^4 + L^4) 0 klf

Phi*Vc/2 1.44 Lateral 0 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.64 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0 Axial 1.13 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 64 in^4 Assumption check

Msa 0.565 kip-in
M 0.567 kip-in
Ds 0.002 in

Ag = (b*h) 48 in^2 Span Hw Lw
Yt = h/2 2 net Tensile Strain 0.011 0.011

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 16.971 kip-in Mua 0.781 kip-ft

Beta_1 0.8
Trial Ast req'd 0.079 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.890 kip-ft 0.000 kip-ft
kd 0.569 in

I.cr 3.52 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 2.210 kip-ft 2.210 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.22 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 4.19 in^4 Add'l bar size: 3 3

Ie 64.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 40.29% 0.00%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 2.209 kip-ft 2.209 kip-ft

provided (reinforcement ratio provided) 0.0080
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.05 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

DOOR 10.16 ft 0 ft 3.34 ft 1.1 ft 1145.34 0.06 klf 0.47 klf 0.44 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0.009 in^2 No. 3 1 5.73 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

6 272 272 73.254 187.46 187.46 302.82 281.44

Total Tension
21.846 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 12 in 3.64 12.21 272 in 0.161 kip*ft 82.529 kip*ft
Base Anchor 2 68 in 3.64 12.21 216 in 5.158 kip*ft 52.045 kip*ft
Base Anchor 3 108 in 3.64 12.21 176 in 13.011 kip*ft 34.554 kip*ft
Base Anchor 4 176 in 3.64 12.21 108 in 34.554 kip*ft 13.011 kip*ft
Base Anchor 5 216 in 3.64 12.21 68 in 52.045 kip*ft 5.158 kip*ft
Base Anchor 6 272 in 3.64 12.21 12 in 82.529 kip*ft 0.161 kip*ft

Up Left Low Right
Wall Connection 1 3 2.703 8.624 50.00% W3 2 282.000 8.109 1.352 190.562
Wall Connection 2 3 2.703 3.224 26.04% W7 78.5 205.500 3.224 21.092 55.215
Wall Connection 3 3 2.703 5.245 42.36% W6 205.5 78.500 5.245 89.816 34.309
Wall Connection 4 3 2.703 8.624 50.00% W2 282 2.000 8.109 190.562 1.352

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

12863 73254 60391 451 16163 OK (60391) OK

79% Final 15.16315906

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 284 95.5 Y Y 19.105 0.052
DOOR A' 284 82.3 Y Y 22.379 0.045

A 121.92 82.3 Y Y 8.574 0.117
B 122 82.3 Y Y 8.581 0.117
0 0 0 N 0.000 0.000
0 0 0 N 0.000 0.000
0 0 0 N 0.000 0.000

First Segment Second Segment Re-Name Combine/Subtract Method Combined
DOOR Entire Wall A' A'a - Deflection 0.008

A B AB + Stiffness 17.155
A'a AB Final + Deflection 0.066
0 0 0 0.000
0 0 0 0.000
0 0 0 0.000

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 2 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

DOOR

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

2144 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall DOOR
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W2

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall Y
Lightweight? No Center of gravity X 300.000

Steel Reinforcement Plain WWF Grade 80 X Corridinate 300
Fy wire mesh 80000 psi Y Corridinate 12.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? Yes

Concrete density 150 pcf Center of gravity Y 71.547
E (Steel) 29000000 psi Wall Weight 3086.000 lbs.

Vc 3.394 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.885 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 103.37 in

Phi.v 0.85 Lh (length of wall) 9.833 ft

h (section thickness) 4 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.708 in

roe.min.vert 0.0012 cb (cover bottom) 1.708 in

Max Horizontal spacing 18 in db (effective depth bottom) 2 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 2 in

D (Dead load) + Ww ( Wall weight) 110.94 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 9.78 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 45.000 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.16 kip Lw = W*(L^4 / L^4 + H^4) 0.03 klf
Hw = W*(H^4 / H^4 + L^4) 0.06 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.04 klf

Axial Pressure on Section
PB 1.39 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.02 klf

Phi*Vc/2 1.44 Lateral 0.02 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.69 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.09 Axial 1.39 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 64 in^4 Assumption check

Msa 2.921 kip-in
M 2.938 kip-in
Ds 0.012 in

Ag = (b*h) 48 in^2 Span Hw Lw
Yt = h/2 2 net Tensile Strain 0.011 0.011

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 16.971 kip-in Mua 0.650 kip-ft

Beta_1 0.8
Trial Ast req'd 0.079 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.780 kip-ft 0.360 kip-ft
kd 0.569 in

I.cr 3.52 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 2.210 kip-ft 2.210 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 4.36 in^4 Add'l bar size: 3 3

Ie 64.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 35.31% 16.30%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 2.209 kip-ft 2.209 kip-ft

provided (reinforcement ratio provided) 0.0080
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.05 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

DOOR 3.24 ft 0 ft 3.34 ft 1.76 ft 1144.65 0.09 klf 0.5 klf 0.46 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0.005 in^2 No. 3 1 9.67 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

4 113 113 35.030 57.54 57.54 45.16 41.96

Total Tension
14.162 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 5 in 3.44 5.31 113 in 0.063 kip*ft 32.393 kip*ft
Base Anchor 2 24.5 in 3.64 12.21 93.5 in 1.612 kip*ft 23.474 kip*ft
Base Anchor 3 93.5 in 3.64 12.21 24.5 in 23.474 kip*ft 1.612 kip*ft
Base Anchor 4 113 in 3.44 5.31 5 in 32.393 kip*ft 0.063 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 4.267 14.17% W1 0 118.000 4.267 0.000 41.961
Wall Connection 2 3 1.531 7.713 25.35% W8 118 0.000 4.593 45.165 0.000

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

6624 35030 28406 591 7688 OK (28406) OK

38% Final 2.287854839

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 118 103.37 Y Y 6.060 0.165
DOOR A' 118 82.25 Y Y 8.231 0.121

A 38.88 82.25 Y Y 1.265 0.791
B 39.04 82.25 Y Y 1.276 0.784

First Segment Second Segment Re-Name Combine/Subtract Method Combined
DOOR Entire Wall A' A'a - Deflection 0.044

A B AB + Stiffness 2.541
A'a AB Final + Deflection 0.437

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 2 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

DOOR

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

1656 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall DOOR
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W3

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall Y
Lightweight? No Center of gravity X 20.000

Steel Reinforcement Plain WWF Grade 80 X Corridinate 20
Fy wire mesh 80000 psi Y Corridinate 12.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? Yes

Concrete density 150 pcf Center of gravity Y 71.547
E (Steel) 29000000 psi Wall Weight 3086.000 lbs.

Vc 3.394 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.885 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 103.37 in

Phi.v 0.85 Lh (length of wall) 9.833 ft

h (section thickness) 4 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.708 in

roe.min.vert 0.0012 cb (cover bottom) 1.708 in

Max Horizontal spacing 18 in db (effective depth bottom) 2 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 2 in

D (Dead load) + Ww ( Wall weight) 110.94 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 9.78 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 45.000 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.16 kip Lw = W*(L^4 / L^4 + H^4) 0.03 klf
Hw = W*(H^4 / H^4 + L^4) 0.06 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.04 klf

Axial Pressure on Section
PB 1.39 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.02 klf

Phi*Vc/2 1.44 Lateral 0.02 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.69 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.09 Axial 1.39 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 64 in^4 Assumption check

Msa 2.921 kip-in
M 2.938 kip-in
Ds 0.012 in

Ag = (b*h) 48 in^2 Span Hw Lw
Yt = h/2 2 net Tensile Strain 0.011 0.011

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 16.971 kip-in Mua 0.650 kip-ft

Beta_1 0.8
Trial Ast req'd 0.079 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.780 kip-ft 0.360 kip-ft
kd 0.569 in

I.cr 3.52 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 2.210 kip-ft 2.210 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 4.36 in^4 Add'l bar size: 3 3

Ie 64.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 35.31% 16.30%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 2.209 kip-ft 2.209 kip-ft

provided (reinforcement ratio provided) 0.0080
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.05 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

DOOR 3.24 ft 0 ft 3.34 ft 1.76 ft 1144.65 0.09 klf 0.5 klf 0.46 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0.005 in^2 No. 3 1 9.67 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

4 113 113 35.030 57.54 57.54 45.16 41.96

Total Tension
14.162 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 5 in 3.44 5.31 113 in 0.063 kip*ft 32.393 kip*ft
Base Anchor 2 24.5 in 3.64 12.21 93.5 in 1.612 kip*ft 23.474 kip*ft
Base Anchor 3 93.5 in 3.64 12.21 24.5 in 23.474 kip*ft 1.612 kip*ft
Base Anchor 4 113 in 3.44 5.31 5 in 32.393 kip*ft 0.063 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 4.267 14.17% W1 0 118.000 4.267 0.000 41.961
Wall Connection 2 3 1.531 7.713 25.35% W8 118 0.000 4.593 45.165 0.000

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

6624 35030 28406 591 7688 OK (28406) OK

38% Final 2.287854839

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 118 103.37 Y Y 6.060 0.165
DOOR A' 118 82.25 Y Y 8.231 0.121

A 38.88 82.25 Y Y 1.265 0.791
B 39.04 82.25 Y Y 1.276 0.784

First Segment Second Segment Re-Name Combine/Subtract Method Combined
DOOR Entire Wall A' A'a - Deflection 0.044

A B AB + Stiffness 2.541
A'a AB Final + Deflection 0.437

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 2 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

DOOR

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

1656 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall DOOR
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W4

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall X
Lightweight? No Center of gravity X 160.000

Steel Reinforcement Plain WWF Grade 80 X Corridinate 98
Fy wire mesh 80000 psi Y Corridinate 68

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? No

Concrete density 150 pcf Center of gravity Y 68.000
E (Steel) 29000000 psi Wall Weight 3549.000 lbs.

Vc 2.546 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.164 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 109.87 in

Phi.v 0.85 Lh (length of wall) 10.333 ft

h (section thickness) 3 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.208 in

roe.min.vert 0.0012 cb (cover bottom) 1.208 in

Max Horizontal spacing 18 in db (effective depth bottom) 1.5 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 1.5 in

D (Dead load) + Ww ( Wall weight) 98.44 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 7.34 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 47.222 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 1.7 kip Lw = W*(L^4 / L^4 + H^4) 0.04 klf
Hw = W*(H^4 / H^4 + L^4) 0.06 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.04 klf

Axial Pressure on Section
PB 1.13 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.02 klf

Phi*Vc/2 1.08 Lateral 0.02 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.73 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.15 Axial 1.13 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 27 in^4 Assumption check

Msa 3.080 kip-in
M 3.118 kip-in
Ds 0.034 in

Ag = (b*h) 36 in^2 Span Hw Lw
Yt = h/2 1.5 net Tensile Strain 0.008 0.008

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 9.546 kip-in Mua 0.701 kip-ft

Beta_1 0.8
Trial Ast req'd 0.059 in^2 ACI eq. (14-6)

B 8.836162648 Mu 1.000 kip-ft 0.530 kip-ft
kd 0.480 in

I.cr 1.86 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 1.610 kip-ft 1.610 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.22 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 2.21 in^4 Add'l bar size: 3 3

Ie 27.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 62.27% 33.00%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 1.606 kip-ft 1.606 kip-ft

provided (reinforcement ratio provided) 0.0110
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.04 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

4 116 116 40.946 60.40 60.40 48.25 69.12

Total Tension
14.334 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 8 in 3.53 8.26 116 in 0.162 kip*ft 34.085 kip*ft
Base Anchor 2 28 in 3.64 12.21 96 in 2.051 kip*ft 24.106 kip*ft
Base Anchor 3 96 in 3.64 12.21 28 in 24.106 kip*ft 2.051 kip*ft
Base Anchor 4 116 in 3.53 8.26 8 in 34.085 kip*ft 0.162 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 4.385 35.42% W7 0 124.000 4.385 0.000 45.311
Wall Connection 2 3 2.703 4.609 50.00% W5 62 62.000 4.609 23.813 23.813
Wall Connection 3 3 1.531 2.364 19.10% W6 124 0.000 2.364 24.432 0.000

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

4088 40946 36858 305 15274 OK (36858) OK

100% Final 4.472584522

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 124 109.87 Y Y 4.473 0.224

First Segment Second Segment Re-Name Combine/Subtract Method Combined
Entire Wall 0 Final 4.473

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 1.5 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

1022 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall
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W5

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall Y
Lightweight? No Center of gravity X 160.000

Steel Reinforcement Plain WWF Grade 80 X Corridinate 160
Fy wire mesh 80000 psi Y Corridinate 69.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? Yes

Concrete density 150 pcf Center of gravity Y 100.000
E (Steel) 29000000 psi Wall Weight 2194.000 lbs.

Vc 3.394 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.885 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 103.6 in

Phi.v 0.85 Lh (length of wall) 5.083 ft

h (section thickness) 4 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.708 in

roe.min.vert 0.0012 cb (cover bottom) 1.708 in

Max Horizontal spacing 18 in db (effective depth bottom) 2 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 2 in

D (Dead load) + Ww ( Wall weight) 110.94 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 9.78 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 46.667 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.24 kip Lw = W*(L^4 / L^4 + H^4) 0.08 klf
Hw = W*(H^4 / H^4 + L^4) 0.01 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.01 klf

Axial Pressure on Section
PB 1.48 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.05 klf

Phi*Vc/2 1.44 Lateral 0.05 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.69 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.04 Axial 1.48 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 64 in^4 Assumption check

Msa 6.330 kip-in
M 6.368 kip-in
Ds 0.026 in

Ag = (b*h) 48 in^2 Span Hw Lw
Yt = h/2 2 net Tensile Strain 0.011 0.011

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 16.971 kip-in Mua 0.183 kip-ft

Beta_1 0.8
Trial Ast req'd 0.079 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.220 kip-ft 0.260 kip-ft
kd 0.569 in

I.cr 3.52 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 2.210 kip-ft 2.210 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 4.36 in^4 Add'l bar size: 3 3

Ie 64.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 9.96% 11.77%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 2.209 kip-ft 2.209 kip-ft

provided (reinforcement ratio provided) 0.0080
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.05 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

2 56 51 15.543 16.59 15.37 23.35 23.35

Total Tension
7.024 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 10 in 3.58 10.24 51 in 0.533 kip*ft 15.232 kip*ft
Base Anchor 2 56 in 3.44 5.31 5 in 16.053 kip*ft 0.141 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 8.942 50.00% W4 0 61.000 4.593 0.000 23.348
Wall Connection 2 3 1.531 14.998 49.30% W8 61 0.000 4.593 23.348 0.000

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

5660 15543 9883 999 20365 OK (9883) OK

100% Final 2.001224238

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 61 103.6 Y Y 2.001 0.500

First Segment Second Segment Re-Name Combine/Subtract Method Combined
Entire Wall 0 Final 2.001

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 2 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

2830 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall
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W6

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall Y
Lightweight? No Center of gravity X 223.500

Steel Reinforcement Plain WWF Grade 80 X Corridinate 223.5
Fy wire mesh 80000 psi Y Corridinate 12.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? Yes

Concrete density 150 pcf Center of gravity Y 49.840
E (Steel) 29000000 psi Wall Weight 1860.000 lbs.

Vc 2.546 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.164 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 104.36 in

Phi.v 0.85 Lh (length of wall) 6.000 ft

h (section thickness) 3 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.208 in

roe.min.vert 0.0012 cb (cover bottom) 1.208 in

Max Horizontal spacing 18 in db (effective depth bottom) 1.5 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 1.5 in

D (Dead load) + Ww ( Wall weight) 98.44 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 7.34 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 60.000 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.16 kip Lw = W*(L^4 / L^4 + H^4) 0.08 klf
Hw = W*(H^4 / H^4 + L^4) 0.02 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.01 klf

Axial Pressure on Section
PB 1.39 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.05 klf

Phi*Vc/2 1.08 Lateral 0.05 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.70 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.12 Axial 1.39 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 27 in^4 Assumption check

Msa 6.367 kip-in
M 6.455 kip-in
Ds 0.063 in

Ag = (b*h) 36 in^2 Span Hw Lw
Yt = h/2 1.5 net Tensile Strain 0.008 0.008

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 9.546 kip-in Mua 0.280 kip-ft

Beta_1 0.8
Trial Ast req'd 0.059 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.420 kip-ft 0.360 kip-ft
kd 0.480 in

I.cr 1.86 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 1.610 kip-ft 1.610 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 2.29 in^4 Add'l bar size: 3 3

Ie 27.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 26.15% 22.42%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 1.606 kip-ft 1.606 kip-ft

provided (reinforcement ratio provided) 0.0110
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.04 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

SHOWER SLEEVE 0.75 ft 3.08 ft 0.92 ft 2.45 ft 109.25 0.1 klf 0.51 klf 0.04 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0 in^2 No. 3 0 0 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

3 67 67 22.821 23.95 26.56 40.81 37.34

Total Tension
10.521 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 5 in 3.44 5.31 67 in 0.107 kip*ft 19.207 kip*ft
Base Anchor 2 32 in 3.64 12.21 40 in 4.637 kip*ft 7.246 kip*ft
Base Anchor 3 67 in 3.44 5.31 5 in 19.207 kip*ft 0.107 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 10.787 35.83% W1 0 72.000 4.593 0.000 27.558
Wall Connection 2 2 2.703 3.961 100.00% P1-1 61 11.000 3.961 20.135 3.631
Wall Connection 3 3 2.703 4.471 25.00% W4 55.5 16.500 4.471 20.677 6.147

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

5150 22821 17671 776 13814 OK (17671) OK

90% Final 1.834990701

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 72 104.36 Y Y 2.029 0.493
SHOWER SLEEVE A' 72 38 Y Y 8.669 0.115

A 9 38 Y Y 0.171 5.862
B 51.96 38 Y Y 5.802 0.172

First Segment Second Segment Re-Name Combine/Subtract Method Combined
SHOWER Entire Wall A' A'a - Deflection 0.378

A B AB + Stiffness 5.973
A'a AB Final + Deflection 0.545

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 1.5 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

SHOWER SLEEVE

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

1717 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall

SHOWER SLEEVE
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W7

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall Y
Lightweight? No Center of gravity X 96.500

Steel Reinforcement Plain WWF Grade 80 X Corridinate 96.5
Fy wire mesh 80000 psi Y Corridinate 12.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? Yes

Concrete density 150 pcf Center of gravity Y 49.840
E (Steel) 29000000 psi Wall Weight 1860.000 lbs.

Vc 2.546 kip Analyisis will be performed as : Two-way slab
Phi*Vc 2.164 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 104.36 in

Phi.v 0.85 Lh (length of wall) 6.000 ft

h (section thickness) 3 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.208 in

roe.min.vert 0.0012 cb (cover bottom) 1.208 in

Max Horizontal spacing 18 in db (effective depth bottom) 1.5 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 1.5 in

D (Dead load) + Ww ( Wall weight) 98.44 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 7.34 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 60.000 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.16 kip Lw = W*(L^4 / L^4 + H^4) 0.08 klf
Hw = W*(H^4 / H^4 + L^4) 0.02 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0.01 klf

Axial Pressure on Section
PB 1.39 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.05 klf

Phi*Vc/2 1.08 Lateral 0.05 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.70 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0.12 Axial 1.39 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 27 in^4 Assumption check

Msa 6.367 kip-in
M 6.455 kip-in
Ds 0.063 in

Ag = (b*h) 36 in^2 Span Hw Lw
Yt = h/2 1.5 net Tensile Strain 0.008 0.008

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 9.546 kip-in Mua 0.280 kip-ft

Beta_1 0.8
Trial Ast req'd 0.059 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.420 kip-ft 0.360 kip-ft
kd 0.480 in

I.cr 1.86 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 1.610 kip-ft 1.610 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 2.29 in^4 Add'l bar size: 3 3

Ie 27.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 26.15% 22.42%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 1.606 kip-ft 1.606 kip-ft

provided (reinforcement ratio provided) 0.0110
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.04 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

SHOWER SLEEVE 0.75 ft 3.08 ft 0.92 ft 2.45 ft 109.25 0.1 klf 0.51 klf 0.04 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0 in^2 No. 3 0 0 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

3 67 67 22.821 23.95 26.56 33.06 45.09

Total Tension
10.521 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 5 in 3.44 5.31 67 in 0.107 kip*ft 19.207 kip*ft
Base Anchor 2 32 in 3.64 12.21 40 in 4.637 kip*ft 7.246 kip*ft
Base Anchor 3 67 in 3.44 5.31 5 in 19.207 kip*ft 0.107 kip*ft

Up Left Low Right
Wall Connection 1 3 1.531 10.787 35.83% W1 0 72.000 4.593 0.000 27.558
Wall Connection 2 2 2.703 3.961 100.00% P1-2 37.5 34.500 3.961 12.378 11.388
Wall Connection 3 3 2.703 4.471 25.00% W4 55.5 16.500 4.471 20.677 6.147

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

5150 22821 17671 776 13814 OK (17671) OK

90% Final 1.834990701

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 72 104.36 Y Y 2.029 0.493
SHOWER SLEEVE A' 72 38 Y Y 8.669 0.115

A 9 38 Y Y 0.171 5.862
B 51.96 38 Y Y 5.802 0.172

First Segment Second Segment Re-Name Combine/Subtract Method Combined
SHOWER Entire Wall A' A'a - Deflection 0.378

A B AB + Stiffness 5.973
A'a AB Final + Deflection 0.545

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 1.5 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

SHOWER SLEEVE

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

1717 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall

SHOWER SLEEVE

CXT, Inc. (Precast Div.) Rainier RN-125 Page 22 of 31
Date: 10/24/2024

freemd
New Stamp



W8

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum moments 
and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall X
Lightweight? No Center of gravity X 159.998

Steel Reinforcement Plain WWF Grade 80 X Corridinate 18
Fy wire mesh 80000 psi Y Corridinate 132.5

E (Concrete) 4290000 psi Central wall? Yes
n (modular ratio) 6.76 Wall that supports 2 roof panels? No

Concrete density 150 pcf Center of gravity Y 132.500
E (Steel) 29000000 psi Wall Weight 8579.000 lbs.

Vc 3.394 kip Analyisis will be performed as : One-way slab
Phi*Vc 2.885 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 95.5 in

Phi.v 0.85 Lh (length of wall) 23.667 ft

h (section thickness) 4 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.708 in

roe.min.vert 0.0012 cb (cover bottom) 1.708 in

Max Horizontal spacing 18 in db (effective depth bottom) 2 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 2 in

D (Dead load) + Ww ( Wall weight) 110.94 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 9.78 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 45.833 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 2.2 kip Lw = W*(L^4 / H^4 + L^4) 0 klf
Hw = W*(L^4 / H^4 + L^4) 0.09 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(L^4 / H^4 + L^4) 0.06 klf

Axial Pressure on Section
PB 1.43 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / H^4 + L^4) 0 klf

Phi*Vc/2 1.44 Lateral 0 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.64 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 0 Axial 1.43 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 64 in^4 Assumption check

Msa 0.715 kip-in
M 0.719 kip-in
Ds 0.002 in

Ag = (b*h) 48 in^2 Span Hw Lw
Yt = h/2 2 net Tensile Strain 0.011 0.011

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension

Mcr 16.971 kip-in Mua 0.802 kip-ft
Beta_1 0.8

Trial Ast req'd 0.079 in^2 ACI eq. (14-6)
B 8.836162648 Mu 0.940 kip-ft 0.000 kip-ft

kd 0.569 in
I.cr 3.52 in^4 ACI 9.3.2

ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 2.210 kip-ft 2.210 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.23 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 4.35 in^4 Add'l bar size: 3 3

Ie 64.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   
rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

 
% allowed 42.55% 0.00%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 2.209 kip-ft 2.209 kip-ft

provided (reinforcement ratio provided) 0.0080
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.05 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of Opening 
(LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

WINDOW 1 1.42 ft 5.33 ft 3.17 ft 1.46 ft 185.18 0.07 klf 0.48 klf 0.4 kip-ft
WINDOW 2 7.42 ft 5.33 ft 3.17 ft 1.46 ft 185.18 0.07 klf 0.48 klf 0.4 kip-ft
WINDOW 3 13.08 ft 5.33 ft 3.17 ft 1.46 ft 185.18 0.07 klf 0.48 klf 0.4 kip-ft
WINDOW 4 19.08 ft 5.33 ft 3.17 ft 1.46 ft 185.18 0.07 klf 0.48 klf 0.4 kip-ft

VENT 1 8.5 ft 0.67 ft 1 ft 6.29 ft 49.92 0.31 klf 0.72 klf 0.06 kip-ft
VENT 2 14.17 ft 0.67 ft 1 ft 6.29 ft 49.92 0.31 klf 0.72 klf 0.06 kip-ft

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

0.9 0.006 in^2 No. 3 1 7.88 kip-ft O.K.
0.9 0.006 in^2 No. 3 1 7.88 kip-ft O.K.
0.9 0.006 in^2 No. 3 1 7.88 kip-ft O.K.
0.9 0.006 in^2 No. 3 1 7.88 kip-ft O.K.
0.9 0 in^2 No. 3 0 0 kip-ft O.K.
0.9 0 in^2 No. 3 0 0 kip-ft O.K.

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

6 272 272 73.254 187.46 187.46 246.45 246.45

Total Tension
21.846 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 12 in 3.64 12.21 272 in 0.161 kip*ft 82.529 kip*ft
Base Anchor 2 68 in 3.64 12.21 216 in 5.158 kip*ft 52.045 kip*ft
Base Anchor 3 108 in 3.64 12.21 176 in 13.011 kip*ft 34.554 kip*ft
Base Anchor 4 176 in 3.64 12.21 108 in 34.554 kip*ft 13.011 kip*ft
Base Anchor 5 216 in 3.64 12.21 68 in 52.045 kip*ft 5.158 kip*ft
Base Anchor 6 272 in 3.64 12.21 12 in 82.529 kip*ft 0.161 kip*ft

Up Left Low Right
Wall Connection 1 3 2.703 8.624 50.00% W3 2 282.000 8.109 1.352 190.562
Wall Connection 2 3 2.703 4.609 50.00% W5 142 142.000 4.609 54.540 54.540
Wall Connection 3 3 2.703 8.624 50.00% W2 282 2.000 8.109 190.562 1.352

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

14451 73254 58803 515 18439 OK (58803) OK

91% Final 17.29892936

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 284 95.5 Y Y 19.105 0.052
WINDOW 1 A' 284 14.02 Y Y 134.936 0.007

A 17.04 14.02 Y Y 6.611 0.151
B 228.92 14.02 Y Y 108.718 0.009

WINDOW 2 B' 284 14.02 Y Y 134.936 0.007
C 89.04 14.02 Y Y 41.992 0.024
D 156.92 14.02 Y Y 74.419 0.013

WINDOW 3 C' 284 14.02 Y Y 134.936 0.007
E 156.96 14.02 Y Y 74.438 0.013
F 89 14.02 Y Y 41.973 0.024

WINDOW 4 D' 284 14.02 Y Y 134.936 0.007
G 228.96 14.02 Y Y 108.737 0.009
H 17 14.02 Y Y 6.590 0.152

VENT 1 E' 284 11.98 Y Y 157.947 0.006
I 102 11.98 Y Y 56.501 0.018
J 170 11.98 Y Y 94.446 0.011

VENT 2 F' 284 11.98 Y Y 157.947 0.006
L 170.04 11.98 Y Y 94.468 0.011
M 101.96 11.98 Y Y 56.479 0.018

First Segment Second Segment Re-Name Combine/Subtract Method Combined
WINDOW 1 Entire Wall A' A'a - Deflection 0.045

A B AB + Stiffness 115.329
A'a AB A'b + Deflection 0.054

WINDOW 2 A'b B' B'a - Deflection 0.046
C D CD + Stiffness 116.412

B'a CD B'b + Deflection 0.055
WINDOW 3 B'b C' C'a - Deflection 0.047

E F EF + Stiffness 116.412
C'a EF C'b + Deflection 0.056

WINDOW 4 C'b D' D'a - Deflection 0.049
G H GH + Stiffness 115.327

D'a GH D'b + Deflection 0.057
VENT 1 D'b E' E'a - Deflection 0.051

I J IJ + Stiffness 150.947
E'a IJ E'b + Deflection 0.058

VENT 2 E'b F' F'a - Deflection 0.051
L M LM + Stiffness 150.947

F'a LM Final + Deflection 0.058

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 2 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

WINDOW 3
WINDOW 4

VENT 1

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

WINDOW 1
WINDOW 2

CONNECTIONS

Full Resistance Value

VENT 2

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

2409 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall

WINDOW 1

WINDOW 2

WINDOW 3

WINDOW 4

VENT 1

VENT 2
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P1-1

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall X
Lightweight? No Center of gravity X 238.500

Steel Reinforcement Plain WWF Grade 80 X Corridinate 225
Fy wire mesh 80000 psi Y Corridinate 50

E (Concrete) 4290000 psi Central wall? No
n (modular ratio) 6.76 Wall that supports 2 roof panels? No

Concrete density 150 pcf Center of gravity Y 50.000
E (Steel) 29000000 psi Wall Weight 492.000 lbs.

Vc 2.546 kip Analyisis will be performed as : One-way slab
Phi*Vc 2.164 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 70 in

Phi.v 0.85 Lh (length of wall) 2.250 ft

h (section thickness) 3 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.208 in

roe.min.vert 0.0012 cb (cover bottom) 1.208 in

Max Horizontal spacing 18 in db (effective depth bottom) 1.5 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 1.5 in

D (Dead load) + Ww ( Wall weight) 98.44 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 7.34 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 4.167 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 0.15 kip Lw = W*(L^4 / L^4 + H^4) 0.09 klf
Hw = W*(H^4 / H^4 + L^4) 0 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0 klf

Axial Pressure on Section
PB 0.15 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.06 klf

Phi*Vc/2 1.08 Lateral 0.06 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.47 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 -0.03 Axial 0.15 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 27 in^4 Assumption check

Msa 3.138 kip-in
M 3.140 kip-in
Ds 0.014 in

Ag = (b*h) 36 in^2 Span Hw Lw
Yt = h/2 1.5 net Tensile Strain 0.008 0.008

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 9.546 kip-in Mua 0.006 kip-ft

Beta_1 0.8
Trial Ast req'd 0.059 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.010 kip-ft 0.060 kip-ft
kd 0.480 in

I.cr 1.86 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 1.610 kip-ft 1.610 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.2 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 2.04 in^4 Add'l bar size: 3 3

Ie 27.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 0.62% 3.74%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 1.606 kip-ft 1.606 kip-ft

provided (reinforcement ratio provided) 0.0110
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.04 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

1 21 6 6.292 6.07 1.73 0.00 6.89

Total Tension
3.469 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 21 in 3.47 6.29 6 in 6.071 kip*ft 1.735 kip*ft

Up Left Low Right
Wall Connection 1 2 1.531 4.772 38.54% W6 0 27.000 3.062 0.000 6.890

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

130 6292 6162 0 15274 OK (6162) OK

100% Final 0

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 27 70 N Y 0.194 5.166

First Segment Second Segment Re-Name Combine/Subtract Method Combined
Entire Wall 0 Final 0.194

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 1.5 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

130 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall
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P1-2

O.K.

ACI 8.5.1

ACI 9.3.2.3
ACI 11.3.1.1 & 11.2.1.2
ACI 11.1.1

ACI 14.3.2
ACI 14.3.3
ACI 14.3.5
ACI 14.3.5

 = As

ACI 14.8.4

ID: RAINIER RN-125 ACI's Alternate Design of Slender Walls ACI 14.8

DESIGN OF WALL MARKED Assumptions from this methodology:

Concentrated gravity loads are distributed over the wall length ACI 14.8.2.5

The vertical stress Pu/Ag at mid-height shall not exceed 0.06*f'c ACI 14.8.2.6

Material Properties
f`c 5000 psi Geometric Properties

Wall panel shall be simply supported, axially loaded, and subject to out-of-plane uniform lateral loading where maximum 
moments and deflections occur at mid-height of the wall.

ACI 14.8.2.1

Notes The cross section is constant over the height of the wall panel. ACI 14.8.2.2

The wall cross sections shall be tension controlled. ACI 14.8.2.3

Phi*Mn >= Mcr ACI 14.8.2.4

Fy rebar 60000 pcf Direction of Wall X
Lightweight? No Center of gravity X 81.500

Steel Reinforcement Plain WWF Grade 80 X Corridinate 68
Fy wire mesh 80000 psi Y Corridinate 50

E (Concrete) 4290000 psi Central wall? No
n (modular ratio) 6.76 Wall that supports 2 roof panels? No

Concrete density 150 pcf Center of gravity Y 50.000
E (Steel) 29000000 psi Wall Weight 492.000 lbs.

Vc 2.546 kip Analyisis will be performed as : One-way slab
Phi*Vc 2.164 kip b (section width) 12 in

lop (length of opening on wall) 0 ft
Shear Parameters H (height of wall) 70 in

Phi.v 0.85 Lh (length of wall) 2.250 ft

h (section thickness) 3 in
Minimum Wall Reinforcement Requirements ct (cover top) 1.208 in

roe.min.vert 0.0012 cb (cover bottom) 1.208 in

Max Horizontal spacing 18 in db (effective depth bottom) 1.5 in
Cs (% of DL used for Seismic) 0.196

roe.min.hor 0.002 rd (assumed reinf. diameter) 0.292 in
Max Vertical spacing 18 in dt (effective depth top) 1.5 in

D (Dead load) + Ww ( Wall weight) 98.44 psf Dead Load (DL.lat) 0 psf

Loading Eccentricity - Axial Load 1 in
Axial Design Loads (pressure from roof) Lateral Design Loads (pressure on wall) Is wall Split No

Wire Mesh
Lr (Live Roof Load) 30 psf Live Roof Load (LLr.lat) 0 psf Wire Size W6.7

S (Snow Load) 210 psf Snow Load (SL.lat) 0 psf
L (Live Load) 0 psf Live Load (LL.lat) 0 psf

E (Earthquake Load) 12.88 psf Earthquake Load (EL.lat) 7.34 psf Mesh Area 0.20 in^2
W (Wind Load) 108.86 psf Wind Load (WL.lat) 58.99 psf spacing 4 in

Factored Pressure on Roof Wr 496.213 Factored Pressure on Wall Ww 94.38 psf

Axial Pressure on Section Lateral Pressure on Section

Factored Axially Applied Loads Factored Laterally Applied Loads
Factored Loading per ACI ACI eq. 9-3 Factored Loading per ACI ACI eq. 9-4

Assumption check
Pu/Ag 4.167 psi Unfactored Laterally Applied Loads

0.06*f`c 300 psi Unfactored Pressure on Wall uWw 58.99 psf

PuB 0.15 kip Lw = W*(L^4 / L^4 + H^4) 0.09 klf
Hw = W*(H^4 / H^4 + L^4) 0 klf

Unfactored Pressure on Roof uWr 300.0825 psf Hw = W*(H^4 / H^4 + L^4) 0 klf

Axial Pressure on Section
PB 0.15 kip

Check ACI 14.8.2.6 O.K.
Lateral Pressure on Section

Unfactored Axially Applied Loads Lw = W*(L^4 / L^4 + H^4) 0.06 klf

Phi*Vc/2 1.08 Lateral 0.06 klf
Check Shear ACI 11.5.5.1 O.K. Allowed service deflection 0.47 in

Shear Deflection
Factored Loading per ACI ACI eq. 9-3 Service Loads

Vu = wuB*(Bw-2db) / 2 -0.03 Axial 0.15 kip

Check deflection O.K.

Allowable Capacity Flexure
Ig = (b*h^3)/12 27 in^4 Assumption check

Msa 3.138 kip-in
M 3.140 kip-in
Ds 0.014 in

Ag = (b*h) 36 in^2 Span Hw Lw
Yt = h/2 1.5 net Tensile Strain 0.008 0.008

fr (rupture modulus) 530.330 psi Check ACI 14.8.2.3 Tension Tension
Mcr 9.546 kip-in Mua 0.006 kip-ft

Beta_1 0.8
Trial Ast req'd 0.059 in^2 ACI eq. (14-6)

B 8.836162648 Mu 0.010 kip-ft 0.060 kip-ft
kd 0.480 in

I.cr 1.86 in^4 ACI 9.3.2
ec 0.003 fb 0.9 0.9
es 0.005 fMn trial = AsFy(dt - a/2) 1.610 kip-ft 1.610 kip-ft
a 0.33483 psi DM =Mpos - M 0.000 kip-ft 0.000 kip-ft
c 0.419 in As Add'l  req'd 0.00 in^2 0.00 in^2

Ase 0.2 in^2 Additional reinf req`d 0.00 in^2 0.00 in^2
Icrdeflection 2.04 in^4 Add'l bar size: 3 3

Ie 27.00 in^4 qty req`d 0 0
delta 150 or spacing of: 0 0

rt (maximum tensile reinforcement) 0.0166
As add'l =

0.000 kip-ft 0.000 kip-ft
rtemp (min. temperature reinforcement) 0.0014   

rmin (minimum tensile reinforcement) 0.0027 Ast = As + As add'l 0.20 in^2 0.20 in^2

% allowed 0.62% 3.74%

rtrial (trial reinforcement ratio bottom) 0.0033 fMn = AsFy(db - a/2) 1.606 kip-ft 1.606 kip-ft

provided (reinforcement ratio provided) 0.0110
Check Mn > Mu

O.K. O.K.
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0.41 klf
0.04 ksf

Opening Horizontal Location Vertical Location L length of  opening H height above 
opening

(-) Weight of 
Opening (LBS)

Pw total factorized 
panel load

wu total 
factorized load

Mu
(wu*L^2)/12

Flexure

b As req'd Bar size qty req'd: Mn = 
AsFy(db - a/2)

Check
Mn > Mu

Lateral
Quantity Maximum Maximum Shear Moment + Moment - Moment + Moment -
in Shear R - Distance L - Distance kip kip - ft kip - ft kip - ft kip - ft

1 6 21 6.292 1.73 6.07 6.89 0.00

Total Tension
3.469 Dist Tension (kip) Shear L - Dist Moment + Moment -

Base Anchor 1 6 in 3.47 6.29 21 in 1.735 kip*ft 6.071 kip*ft

Up Left Low Right
Wall Connection 1 2 1.531 4.772 38.54% W7 27 0.000 3.062 6.890 0.000

Design Capacity Reserve Design Resistance Reserve
Force (lb) (lb) Capacity (PLF) (PLF) check Capacity

130 6292 6162 0 15274 OK (6162) OK

100% Final 0

Pier Length Height Fixed Top? Useable? Stiffness (k) Deflection
Label (inches) (inches) (Y/N) (Y/N) (1000 kip / IN) (in / 1000 kip)

Entire Wall 27 70 N Y 0.194 5.166

First Segment Second Segment Re-Name Combine/Subtract Method Combined
Entire Wall 0 Final 0.194

REINFORCEMENT AT OPENINGS

Loading Material Properties
Pu (factorized load from roof) db (effective depth bottom) 1.5 in
Ww (weight of panel per sq ft) a (block of strain) 0.33483 psi

a=As * fy / (0.85 * f`c *b)

Factorized Moment

Opening

CONNECTIONS

Full Resistance Value

Base Anchors

Wall Connections

Overturning
Base Anchors Base Anchors Wall-Wall Connection

130 

RIGIDITY

CALCULATED VALUES

Combine Logic

L - Dist Allowable
Force

Overturning Moment
Resistance (kip-ft)

Wall Shear Checks
Shear Connections at Base Wall Shear Capacity Required Shear Capacity (lb) per 

Base Connector

Quantity
of Anchors

Capacity
of each
Anchor

Countering Dead
Load from

Adjoining Wall

% of
wall to

use

Adjoining
Wall

Dist
(inches)

Entire Wall
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ID: Notes:

5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 125 in^4
Ag = (b*h) 60 in^4
Yt = h/2 2.5 in^4
Mcr 26.51650429 ACI 9.5.2.3

23.67 ft Beta_1 0.8 ACI 10.2.7.3
10.5 ft delta initial 180

Two-way slab delta longterm 480
0 in B 8.830

12 in kd 0.355 in
5 in I.cr 0.60 in^4

3/4  in c 0 in
1 1/4  in a 0.32 in
0.319 in
40.577 in 0.0049
0.910 in = 0.0781
3.431 in 0.0154

0 in 0 {qty of overhangs in Bs direction} = 0.2469
0 in 0 {qty of overhangs in ls direction}

0.211 0.0041
8 = 0.0655
4 0.0118

= 0.1893

0.0166 ACI 10.3.3

0.0014 ACI 7.12.2

0.0027 ACI 10.5.1 Wire Size W6.7  Wire Size W6.7
0.0033 Trial As' req'd spacing 4 in Trial Ast required spacing 4 in
0.0033 0.14 in^2 Mesh Area 0.20 in^2  = As' 0.136 in^2 Mesh Area 0.20 in^2  = As

Loading Pressure on Section Pressure on Section

w
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be
Factored Pressure

on Slab W
62.5 psf ACI eq. 9-3 715 psf 0.33 klf 0.38 klf 400 psf

0 psf
0 psf

400 psf
0 psf

13.21 psf 3.500 ft
3.38 ft

Pressure on Section Pressure on Section

W
Factored Loading per ACI

equation indicated
Factored Pressure on

Slab W
wB =

W*(L^4 / B^4 + L^4)*be
wL =

W*(B^4 / B^4 + L^4)*be

62.5 psf ASCE7-05 eq CC1a 462.5 psf 0.215 klf 0.247 klf
0 psf SUMMARY

400 psf

Steel Reinforcement
Fy
Lightweight?

RAINIER RN-125
DESIGN OF FLOOR PANEL F1

Material Properties
f ' c

Plain WWF Grade 80

Bs (overall width of slab)
Design will be performed as :
tfr (floor finish thickness)
b (section width) (typically 12 inches)
h (section thickness)

Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Geometric Properties
Ls (overall length of slab)

ct (cover top)
cb (cover bottom)

 rd (assumed reinf. diameter) (if centered enter 0)
l (length of slab for deflection) provided (reinforcement ratio provided)

 dt (effective depth top)
db (effective depth bottom) provided (reinforcement ratio provided)
oh1 (overhang length and qty for Bs)

trial (trial reinforcement ratio top)  

 oh2  (overhang length and qty for Ls)
Cs (% of DL used for Seismic) {from seismic analysis} provided (reinforcement ratio provided)  
NsL (Num. of supports along Ls) {either walls of vaults or enter "8" if no vault}

temp (min. temperature reinforcement) Wire Mesh (Top) Wire Mesh (Bottom)

min (minimum tensile reinforcement)

trial (trial reinforcement ratio bottom)  

NsB (Num. of supports along Bs) {either walls of vaults or enter "4" if no vault} provided (reinforcement ratio provided)

Reinforcement Limits
t (maximum tensile reinforcement)

S (Snow Load)
L (Live Load)
LF (Live Floor Load)
W (Wind Load)
E (Earthquake Load) B (Span in the short direction) = (Bs/NsB-1) - 0(oh1)

Pressure on Section

Pressure on Slab wB =
W*(L^4 / B^4 + L^4)*be

wL =
W*(B^4 / B^4 + L^4)*be

D (Dead load)) 0.19 klf 0.21 klf

Design Loads Factored Design Loads Unfactored Design Loads Pressure on Section

S (Snow Load)
Lr (Live Floor Load) Use 1 Layer of Wire Mesh on Top W6.7 x W6.7 x 4 x 4

Use 1 Layer of Wire Mesh on Bottom W6.7 x W6.7 x 4 x 4

L (Span in the long direction) = (Ls/NsL-1) - 0(oh2)
Sustained Loading Factored Sustained Loads

Pressure on slab Eficiency can be enhanced if Ast is diminished
D (Dead load)

Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

0.64 0.64 kip

0.38 0.38 0.42 0.42 

0.33 0.33 0.36 0.36 0.58 0.58 
3.500 ft 3.38 ft

3.500 ft

3.38 ft

3.38 ft

3.500 

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w
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ID: Notes:

5000 psi

80000 psi
No

150 pcf O.K.
29000000 psi
4286826 psi ACI 8.5.1 fr (rupture modulus) 530.3 psi ACI 9.5.2.3

6.76 ACI 14.0 Ig = (b*h^3)/12 125 in^4
Ag = (b*h) 60 in^4
Yt = h/2 2.5 in^4
Mcr 26.51650429 ACI 9.5.2.3

23.67 ft Beta_1 0.8 ACI 10.2.7.3
10.5 ft delta initial 180

Two-way slab delta longterm 480
0 in B 8.830

12 in kd 0.355 in
5 in I.cr 0.60 in^4

3/4  in c 0 in
1 1/4  in a 0.32 in
0.319 in
40.577 in 0.0049
0.910 in = 0.0781
3.431 in 0.0154

0 in 0 {qty of overhangs in Bs direction} = 0.2469
0 in 0 {qty of overhangs in ls direction}

0.211 0.0041
8 = 0.0655
4 0.0118

= 0.1893

Steel Reinforcement
Fy
Lightweight?

RAINIER RN-125
DESIGN OF FLOOR PANEL F1

Material Properties
f ' c

Plain WWF Grade 80

Bs (overall width of slab)
Design will be performed as :
tfr (floor finish thickness)
b (section width) (typically 12 inches)
h (section thickness)

Cd (Concrete density)
E (Steel)
E (Concrete)
n (modular ratio)

Geometric Properties
Ls (overall length of slab)

ct (cover top)
cb (cover bottom)

 rd (assumed reinf. diameter) (if centered enter 0)
l (length of slab for deflection) provided (reinforcement ratio provided)

 dt (effective depth top)
db (effective depth bottom) provided (reinforcement ratio provided)
oh1 (overhang length and qty for Bs)

 oh2  (overhang length and qty for Ls)
Cs (% of DL used for Seismic) {from seismic analysis} provided (reinforcement ratio provided)  
NsL (Num. of supports along Ls) {either walls of vaults or enter "8" if no vault}

NsB (Num. of supports along Bs) {either walls of vaults or enter "4" if no vault} provided (reinforcement ratio provided)

Ls

Bs
wB

wL

TWO-WAY SLAB

Ls

Bs
wB

ONE-WAY SLAB

b

h

SECTION PROPERTIES

ct

cb
rd

dt
db

steel top

steel bottom

w

Flexure

Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M

Mn = Check
Mn > Mu

% allowed

** 0.32 kip-ft 0.036 Tension 0.9 3.95 kip-ft 0 kip-ft 3.95 kip-ft O.K. 8.19%
** 0.40 kip-ft 0.036 Tension 0.9 4.74 kip-ft 0 kip-ft 4.74 kip-ft O.K. 8.53%

 

Mu
S

Elastic Section Modulus b Mn = 
5*(f 'c*S)^0.5

Check
Mn > Mu

% allowed

0.00 kip-ft 0.029 ft^3 0.55 1.046 kip-ft O.K. 0.00%

Mu Tensile Strain Check ACI 14.8.2.3 b Mn trial = 
f'cbd^2 (1-0.59 )

M =
Mu - M Mn = 

Check
Mn > Mu

% allowed

** 0.34 kip-ft 0.036 Tension 0.9 3.95 kip-ft 0 kip-ft 3.95 kip-ft O.K. 8.57%
** 0.40 kip-ft 0.036 Tension 0.9 4.74 kip-ft 0 kip-ft 4.74 kip-ft O.K. 8.43%

Mu
S

Elastic Section Modulus b Mn = 
5*(f 'c*S)^0.5

Check
Mn > Mu

% allowed

0.00 kip-ft 0.029 ft^3 0.55 1.046 kip-ft O.K. 0.00%

Shear

Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

** 0.69 kip 0.85 5.82 kip 4.95 kip O.K. 14.00%
per ACI 22.8

** 0.00 kip 0.55 2.98 kip 1.64 kip O.K. 0.00%

Vu v 
per ACI 9.3.2.3

Vc
per ACI 11.3.1.1 Vc 

Check
Vc > Vu

% allowed

** 0.51 kip 0.85 5.82 kip 4.95 kip O.K. 10.22%
per ACI 22.8

** 0.00 kip 0.55 2.98 kip 1.64 kip O.K. 0.00%

Span type: K Sustained Load Duration Epsilon
Simple span 1 6 months 1.2

Service Loads

Span Mserv M.sus I.eff.serv I.eff.sustained Immediate Deflection  
i

comp

Long-Term 
Deflection    

l-t

total long-
term deflection 

( i + l-t)
 allow

(immediate)
 allow

(long term)
Check short 

term deflection

Check long 
term 

deflection
% allowed 
- short term

% allowed - 
long term

B 0.32 kip-ft 0.33 kip-ft 125.00 in 125.00 in 0.001 in 0.0049 0.9646 0.001 in 0.003 in 0.2333 in 0.0875 in O.K. O.K. 0.58% 1.49%
L 0.34 kip-ft 0.35 kip-ft 125.00 in 125.00 in 0.001 in 0.0049 0.9646 0.001 in 0.003 in 0.2253 in 0.0845 in O.K. O.K. 0.60% 1.55%

Moh1 (Moment at oh1) = 0

Flexural Moments for Ls
Mpos (positive Moment) = (wL*L^2)*0.078
Mneg (negative Moment) = (wB*B^2)*0.106
**continuous beam moment coefficients used Structural Plain Concrete per ACI 22.5

Moh1 (Moment at oh1) = 0

Flexural Moments for Bs

Mpos (positive Moment) = (wB*B^2)*0.08
Mneg (negative Moment) = (wB*B^2)*0.1
**continuous beam moment coefficients used Structural Plain Concrete per ACI 22.5

Voh2 = 0
**continuous beam shear coefficients used

Deflection

Maximum Shear for Bs
VuB = wB * B * 0.6

Voh1 = 0
**continuous beam shear coefficients used

Shear for Ls
VuL = wL * L * 0.605633802816901
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ID:

11.92 ft 0 lb
26.67 ft 19146 lb

317.78 ft^2 33461 lb
9.69 ft 15186 lb

23.67 ft 67793 lb
10.5 ft 67793 lb

248.54 ft^2 210 psf
0 400 psf

0.00 ft^2 1500 psf
0.00 ft^2 38.41 psf

0 ft 51.74 psf
237.22 ft^2 62.4 pcf

1 ft

0.40 1.00

Pslide =
Fsreqd

FSwind = 3.1 ≥ 1.0 O.K.
Fseismic = 3.0 ≥ 1.0 O.K.

Pslide =
Fsreqd

Fswind = 1.4 ≥ 1.0 O.K.
Fseismic = 1.6 ≥ 1.0 O.K.

Otrsnow =
Fsreqd

FSwind = 2.06 ≥ 1.0 O.K.
Fseismic = 2.07 ≥ 1.0 O.K.

Otr 
Fsreqd

Fswind = 1.98 ≥ 1.0 O.K.
Fseismic = 2.40 ≥ 1.0 O.K.

Pmax   >    Pnet O.K.

Fb = 14802.67 lb

FSb = We / Fb FSb = 4.58 ≥ 1.00 O.K.

The weight of the building exceeds the buoyant force due to hydrostatic pressure acting on the horizontal surface 
of the vault, therefore, the design is sufficient against buoyancy.

Floor Design Information:

1) The referenced building is made of flood damage resistant 5000 psi reinforced concrete.
2) The vault system, if existing, is designed to minimize infiltration into system and can be considered water tight
     to a height of 17"
3) Flood Ventilation is available at threshold level and flood ventilation exceeding 1" per sq. ft. of floor area is provided
    no more than 12" A.F.F.

Ls (Length of roof panel) Wtr (roof panel weight)

RAINIER RN-125

Geometric properties Loading
Bs (width of roof panel) Wv (weight of vault)**

Ar Area of Roof Ww (total walls panel weight)
H (height of building) Fw (floor panel weight)
Lb (length of building) We (estimated weight of building)
Wb (width of building) Wev (estimated weight of building w/ vault)
Ab (Area of building) PSFr (roof snow load)
Nv (quantity of vaults) PSFf  (Floor Live Load)
Avl (Area of Vault Lips) Pmax (Maximum allowable pressure)
Av (Area of Vault) Fupmw (MWFRS Uplift Force)
Vh (Vault height) WLlat (MWFRS lateral wind pressure)
Cab (Closed Area of building) w (specific weight of water)
Hw (depth of floodwater) **Weight of vault is not considered in sliding resistance

 (sliding factor) FS (factor of safety required)
CHECK SLIDING RESISTANCE

Shear
.7*Vseismic (from seismic analysis with snow) 12007.0 lb

.7*Vseismic (from seismic analysis without snow) 10032.0 lb
Vwind = WLlat * max(Wb,Lb)*H 11867.8 lb

* Load adjustment per IBC 1605.3 load combinations.

Sliding Resistance with Snow Pslide = u*(.6*We+.75*PSFr*Ar) 36290.32 lb

Factor of Safety FSwind = Pslide / Vwind
FSseismic = Pslide / Vseismic

Sliding Resistance with No Snow Pslide = u*.6*We 16270.32 lb

Factor of Safety FSwind = Pslide / Vwind
FSseismic = Pslide / Vseismic

CHECK OVERTURNING RESISTANCE

Shear
.7*Otseismic (from seismic analysis with snow) 106.892 kip-ft

.7*Otseismic (from seismic analysis without snow) 88.834 kip-ft
Otwind = (WLlat*Lb*H^2 / 2) + (Fupmw*Lb*Wb^2 / 2) 107.618 kip-ft

* Load adjustment per IBC 1605.3 load combinations.

Overturning Resistance with Snow Otrsnow = (.6*We+.75*PSFr*Ar)*(Wb/2) 221.560 kip-ft

Factor of Safety FSwind = Otrsnow / Otwind
FSseismic = Otrsnow / Vseismic

Overturning Resistance with No Snow Otr = .6*We*Wb/2 213.548 kip-ft

Factor of Safety FSwind = Otr  / Vwind
FSseismic = Otr / Vseismic

CHECK BEARING PRESSURE CONDITION

Net Pressure Pnet = (Wev + PSFr*Ar + PSFf*Af) / Ab 941.27 psf

Allowable 1500 psf    ≥     941.27 psf
By observation, if the building is placed on a properly prepared well drained granular sub-base, the design is sufficient for lateral and 

vertical loads.

CHECK BUOYANCY FORCE CONDITION

Buoyant Force Fb = w*Av*Hw+ w*Cab*(Hw-Vh)

Factor of Safety
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	ADDENDUM NO. 1
	Bidders are hereby informed that the construction Plans and/or Specifications are modified as follows:

	Manufacturer s Name: CXT, Inc.
	Project Name: Rainier
	Job Number: RN-126
	Number of Units: 1
	Location of Project Exact Location Required: 16600 MO-45, Weston, MO 64098
	Seismic Design Category Please specify: E
	Third Party Name: ICC-NTA
	Address: 305 N Oakland Ave. Nappanee, IN 46550
	Phone: (574) 773-7975 ext 321
	Fax: (574) 773-2732
	Contact Email Address: cpfleegor@icc-nta.org
	Representative Name: Chris Pfleegor
	Representative Title: Admin.


