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PROJECT NAME: TRACTOR SUPPLY NO. 1886 

STORE NO: #1886 PUYALLUP, WA

LOCATION: 621 RIVER ROAD 

PUYALLUP, WA 9837

CHECKED BY: KENNETH TANG, P.E.

ENGINEERING CALCULATIONS AND ANALYSIS REPORT

FOR ROOF TOP MECHANICAL CURBS AND ADAPTER

 SUPPORTING NEW HVAC UNITS 

FOR

TRACTOR SUPPLY NO. 1886 

PUYALLUP, WA 9837

DESIGN CRITERIA:

DESIGNED USING INTERNATIONAL BUILDING CODE (IBC) 2021 IBC

ASCE 7-16/7-22

DEAD AND LIVE LOADS:

ROOF DEAD LOAD: 20 psf

ROOF LIVE LOAD (IBC): 20 psf

GROUND SNOW LOAD: 20 psf

SEISMIC PARAMETERS:

SHORT PERIOD: SS  = 1.278 G

ONE SECOND PERIOD: S1  = 0.440 G

DESIGN SPECTRAL ACCELERATION: SDS  = 1.022 G

DESIGN ONE SECOND PERIOD: SD1  = null G

TAB 11.4-1 SITE COEFFICIENT AT ONE SECOND PERIOD Fv  = 1.700

Eq. 11.4-1 MCE ONE SECOND ADJUSTED SITE CLASS EFFECTS SM1  = 0.748 G

Eq. 11.4-4 DESIGN ONE SECOND PERIOD (CALCULATED): SD1  = 0.499 G

SEISMIC DESIGN CATEGORY: D-Default STIFF

WIND PARAMETERS (RISK CATEGORY III):

ULTIMATE DESIGN WIND SPEED (VULT): 104 MPH

EXPOSURE: C
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1 PROJECT INFORMATION

Store: TRACTOR SUPPLY NO. 1886 

Location: 621 RIVER ROAD 

PUYALLUP, WA 9837

Contact: Bernard Adebayo-Ige, P.E. (bernard@p2eg.com) Phone: 951-283-7085

Engineer: Kenneth Tang, P.E. (kenneth.tang@p2eg.com) Phone: 323-816-4011

2 PROJECT SCOPE

Relacement of Existing Roof Top Equipment

3 KEY PROJECT DATA / SPECIFICATIONS

New (N) Unit(s)

Make AC# Model Tonnage Qty EER

LENNOX 1-3 See (a) 15.0 3 12.0

LENNOX 7 See (b) 7.5 1 NA

Total Weight:

(a) LGT180H4M-G 15T CONF E=12.0 (2,351#) Curb Adapter

(b) EL090XCSST1G AC/7.5TON/460-3 (345#) AC 1-3  AC / YK05 / LN03 (450#)

Existing (E) Unit(s)

Make AC# Model Tonnage Qty EER

YORK 1-3 See (f) 15.0 3 10.1

TRANE 7 See (g) 7.5 1 NA

Total Weight:

(f) DJ180N24S4VFH2E (15T) (2,351#)

(g) TTA090A400DA (7.5T) (345#) Total Weight (N) RTUs (LBS):

Total Weight (E) RTUs (LBS):

Total Additional Weight (LBS):

7,398

1,350

8,748

Weights (LBS)

8,748

2,801

Weights (LBS)

2,351

7,398

345

345
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4 JURISDITIONAL INFORMATION

Local Jurisdiction (City or County): PUYALLUP, WA 9837

Enforced Code Used: ASCE 7-16/7-22 2021 IBC

Seismic Design Information:

Eq. 12.8-2 Seismic Coefficient Force Factor, Cs: 0.170 G

Short Period: SS  = 1.278 G

One Second Period: S1  = 0.440 G

Design Spectral Acceleration: SDS  = 1.022 G

Design One Second Period: SD1  = 0.499 G

Seismic Design Category: D-Default

Response Modification Factor, Rp: 6.0

Building Site Class: D

 

Wind Design Information:

Basic Wind Speed (3-Second Gust): 104 MPH

Wind Exposure Type: C

Horizontal Wind Pressure: 29.72 psf (RTU)

Vertical Wind Pressure: 28.66 psf (RTU)

Check Seismic Response Coefficient:

S1 > 0.6G Seismic Coefficient Force Factor, Cs1: 0.037 G

Cs1 < Cs 1 [Satisfactory]

 Cs Must Be Greater Than 0.01

0.01 < Cs 1 [Satisfactory]

Eq. 12.8-3 Cs < Cs (T <= TL)

Coefficient for Upper Limit on Calc Period Cu  = 1.400

Structure Median Height hn  = 28.0 ft

Values of ~Period Parameters Ct  = 0.020

Values of ~Period Parameters x  = 0.750

Long-period transition Period (California) TL  = 16

The ~ Fundamental Period of Structure Ta  = 0.243

The Fundamental Period of Structure T  < 0.341

The response modification factor R  = 2.500

Cs (T <= TL) Cs (T <= TL)  = 0.585

Cs (T <= TL) > Cs 1 [Satisfactory]
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5 SEISMIC ANAYSIS
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6 STRUCTURAL ENGINEERING CALCULATIONS

DESIGN LOADS AND VALUES

GRAVITY LOADS ABBREVIATIONS

AC# 1-3 7

DLroof = 20 20 psf (N) = New

LLroof = 20 20 psf (E) = Existing

SLroof= 20 20 psf OK = 1 [Satisfactory]

NG = 0 (No Good) [Unsatisfactory]

ROOF TOP UNIT WIND PARAMETERS

Vwind = 104 104 Design Wind Velocity, MPH

IFactor = 1.0 1.0 Importance Factor Section 13.1.3

C Wind Exposure

Kd = 0.85 0.85 Directional Coeffiecient Section 26.6

Kzt = 1.00 1.00 Topographic Factor Section 26.8.2

Kz = 0.90 0.90 Velocity Pressure Exposure Coeff. T29.3-1

GCr = 1.40 1.00 Gust Effect Factor Section 26.9.1 (RTU Horiz)

GCr = 1.35 1.00 Gust Effect Factor Section 26.9.1 (RTU Vert)

WIND EQUATIONS

qz = 21.23 21.23 psf Velocity Pressure

Fz = 29.72 21.23 psf Wind Pressure

WLRTU-H = 29.72 21.23 psf Wind Pressure - (RTU Horiz)

WLRTU-V = 28.66 21.23 psf Wind Pressure - (RTU Vert)

SEISMIC PARAMETERS

SDS  = 1.022 1.022 Design Spectral Analysis

Fa  = 1.2 1.2 D-Default Seismic Design Categoty

Rp  = 6.0 6.0 Response Modification Factor

Ap  = 2.5 2.5 Amplification Factor

IFactor = 1.0 1.0 Importance Factor

Seismic Loading - 2021 IBC

Fpmax = 1,201 176 lbf RTU unit only

Fpmax = 1,431 176 lbf RTU + curb adapter

FpmaxASD = 841 123 lbf FpmaxASD (RTU unit only)

FpmaxASD = 1,002 123 lbf FpmaxASD (RTU + curb adapter)
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7 ROOF TOP UNIT (S) DESIGN DATA

RTUs DESIGN DIMENSIONS AND LOAD DIAGRAM:

Note: The pictures show here are not 

an actual RTU.  It's used to

help performing calculation only.

RTU 1 DESIGN DATA

AC# 1-3 7

Hcurb = 12.00 12.00 in RTU Curb Height

H = 4.521 4.063 ft RTU Height

Hcm = 2.260 2.031 ft Height to center of mass

LRTU1 = 11.052 4.032 ft RTU Length

DRTU1 = 7.593 3.323 ft RTU Depth

WRTU1 = 2,801 345 lbf RTU Weight

Wtmax = 636 97 lbf Maximum corner weight

Wtmin = 435 66 lbf Minimum corner weight

Curb Loading

Transverse:

CSEISMIC = 1,752 297 lbf Compression SEISMIC 

TSEISMIC = -646 -97 lbf Tension SEISMIC 

---> Negative values indicate opposite load.

Longitudinal:

CSEISMIC = 1,659 284 lbf Compression SEISMIC 

TSEISMIC = -442 -36 lbf Tension SEISMIC 

---> Negative values indicate opposite load.
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Governing Reactions:

Transverse:

CSEISMIC = 1,752 297 lbf Compression SEISMIC 

Longitudinal:

CSEISMIC = 1,659 284 lbf Compression SEISMIC 

8 CHECK (E) JOISTS W/ GRAVITY INCREASES AND 

TOTAL LOAD FOR (N) RTUs

GRAVITY INCREASES CHECK PER THE 2021 IBC:

WRTU = 2,351 lbf Weight of (E)RTU

Wincrease = 450 lbf Total Weight of RTUs increase

Gincrease = 0.191 psf Gravity Increases

Gallowable increase = 10.000 psf Allowable Typ. (E) Building Gincreases

%increase = 1.91% % Gincreases

Gallowable increase > Gincrease 1 [Satisfactory]

%increase < 10.00% 1 [Satisfactory]

TRUSS TOTAL LOAD CHECK: Note: Refer to Beam Table

AC# 1-3 7

Wdist load RTUs  = 33.38 25.75 psf Distribution Load RTUs

Atributar RTU = 83.92 13.40 sf Tributary Area at RTUs

WRTU = 2,801 345 lbf Gravity Weight RTUs

TLallowable = 467 467 plf Allowable Total Load  Truss 

Lbeam = 32.0 32.0 lf Length of Beam

Wallowable beam = 14,944 14,944 lbf Allowable Total Weight

Wallowable beam > WRTU 1 [Satisfactory]

(E) Open-Web Truss Joists

1-3 (D28") 28K6 @ 4' OC TYP UON

7 (D28") 28K6 @ 4' OC TYP UON

RESULT: The (N) RTUs replacements are acceptable 
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9 CHECK LIVE LOAD DEFLECTION:

FOR JOIST OPEN WEB TRUSS (D28") 28K6 @ 4' OC TYP UON

E = 29,000 ksi

Given (E) 32'-0" X 32'-0" bay.  Joists spaced on 4'-0" centers

AC# 1-3 7

DLroof = 20 20 psf (Included the approximate

LLroof = 20 20 psf Joist weight)

SLroof = 20 20 psf

Total DL+LL+SL = 60 60 psf

d = 28 28 in Joist Depth

L1= 32.0 32.0 ft Top Span

L2= 32.0 32.0 ft Joist Span

N= 2 2 Number of actual joist spaces (N)

Spacing = 4 4 ft Joists spacing on centers

Total Load = 240 240 plf

Total Allowable Load = 467 467 plf See Table 26K7/26K10 Truss

P = 14.94 14.944 kips Allowable Concentrated load at

14,944 14,944 lbs top chord panel points

Total Live Load = 1,280 1,280 plf Joist Span

I = 1,123 1,123 in
4

Joist Moment of Inertia

Ij = 26.767(WLL)(L
3
)(10

-6
),

Dallowable = 2.13 2.13 in Allowable deflection L/180

DLL = 0.37 0.37 in Live Load Deflection

Dallowable beam > DLL 1 [Satisfactory]

Summary: Live load deflection rarely governs because of the relatively

small span-depth ratios of joist girders.
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10 CHECK (E) JOISTS W/ (N) RTUs

AC# 1-3 7

L = 32.00 32.00 ft Design Length of Joist

Wtrib = 4.0 4.0 ft Tributary Width of joists

N = 2 2 Number of Resisting Joists

LRTU1 = 11.052 4.032 ft RTU Length

DRTU1 = 7.593 3.323 ft RTU Depth

WRTU1 = 2,801 345 lbf RTU Weight

A = 5.0 0.0 ft Point Load Location

B = 12.59 3.32 ft Point Load Location

STRUCTURAL ANALYSIS

ARTU1 = 83.919 13.399 ft
2

Area of RTU

WRTU reduced = 1,122.62 77.03 lbf Reduced RTU Wt. From LL Subtracted

P LL = 280.655 19.257 lbf Point Load From RTU and LL

wDL roof = 80.000 80.000 lbf Roof DL

WLL+SL roof = 160.000 160.000 lbf Roof LL+SL

wTL roof = 240.000 240.000 lbf Roof Total Load

Mmax all roof = 30,720 30,720 lbf-ft Max Allowable Moment Roof Total Load

Mmanufacturer = 100,500 100,500 lbf-ft Max Allowable Moment (Manufacturer)

Mactual = 27,753 28,263 lbf-ft Actual Moment (Calculated Enercalc)

Vmax all roof = 3,840 3,840 lbf Max Allowable Shear Roof Total Load

Vmanufacturer = 8,500 8,500 lbf Max Allowable Shear (Manufacturer)

Vactual = 3,573 3,606 lbf Actual Shear (Calculated Enercalc)

 

Mactual < 1.05*Mmax all 1 [Satisfactory]

27,753 < 32,256

Vactual < 1.05*Vmax all 1 [Satisfactory]

3,573 < 4,032

RESULT:

The new Mactual and Vactual are less than the allowable Mmax and Vmax with the 

addition weight of the (N) RTU.  
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11 RTU(S) LATERAL ANALYSIS

RTU 1 DESIGN DATA (WORST CASE)

AC# 1-3 7

H = 4.52 4.06 ft RTU Height

Hcurb = 12.00 12.00 in RTU Curb Height

LRTU1 = 11.052 4.032 ft RTU Length

DRTU1 = 7.593 3.323 ft RTU Depth

WRTU1 = 2,801 345 lbf RTU Weight

h = 28.0 28.0 ft Roof Height of Structure

z = 28.0 28.0 ft Height of Attachment

Fp calc = 1,431 176 lbf Seismic Design Force (Eq.13.3-1)

Fp MINIMUM AND MAXIMUM

Fp max = 4,580 564 lbf Fp Maximum (Eq.13.3-2)

Fp min = 859 106 lbf Fp Minimum (Eq. 13.3-3)

Fp max > Fp calc 1 [Satisfactory]

4,580 > 1,431

Fp min < Fp calc 1 [Satisfactory]

859 < 1,431

[Fp Calc  Otherwise]

Fp = Fp calc = 1,431 176 lbf Seismic Design Force

LOAD COMBINATION (0.7E-0.6DL)

Fseismic = 1002 123 lbf

LOAD COMBINATION (0.6E-0.6DL)

Fwind = 612 172 lbf

MAXIMUM DESIGN FORCE

Flateral = 1002 172 lbf
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12 RTU(S) DESIGN DIMENSIONS AND LOAD DIAGRAM

OVERTURNING FORCES

AC# 1-3 7

MOT = 2,765.71 435.30 ft-lbf Overturning Moment (OT)

Mres = 15,477.86 695.46 ft-lbf Resisting Moment

TOT = -1,150.25 -64.53 lbf Tension Force Along Side

TOT dist = -151.48 -19.42 lb/f Distributed Tension Force from OT

UPLIFT FORCES

Fuplift seis = 572.52 70.52 lbf Uplift Force from Sesmic

Fuplift wind = 2,494.14 284.44 lbf Uplift Force from Wind

Fuplift = 2,494.14 284.44 lbf Design Uplift Force from Uplift

Tuplift = 813.54 77.44 lbf Total Tension Force from Uplift

Tuplift dist = 21.82 5.26 lb/f Distributed Tension Force from Uplift

SHEAR FORCES

Vmax = F lateral = 1,001.92 171.97 lbf Total Shear Force

Vmax dist = 26.87 11.69 lb/f Distributed Shear Force
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13 Installation of Hold Down Brackets

ALLOWABLE SCREW CAPACITIES (TEK SCREW)

AC# 1-3 7

Tek Screw #14-16 Ga #14-16 Ga Tek Screw - Metal Ga

Tallowable screw = 180 180 lbf Allowable Tension Capacity of #10 Tek Screw

Vallowable screw = 424 424 lbf Allowable Shear Capacity of #10 Tek Screw

Sweld spa = 12 12 in Spacing of Screws Around Perimeter

UPLIFT FORCES

Tuplift = 813.54 77.44 lbf Total Tension Force from Uplift

Tuplift dist = 21.82 5.26 lb/f Distributed Tension Force from Uplift

SHEAR FORCES

Vmax = F lateral = 1,001.92 171.97 lbf Total Shear Force

Vmax dist = 26.87 11.69 lb/f Distributed Shear Force
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See Below For No. Screws

EQUATIONS (Determine No. Screws to (N) Curb Adaptor)

AC# 1-3 7

Tmax = 21.82 5.26 lb/f Maximum Tension from Uplift

Vmax = 26.87 11.69 lb/f Maximun Shear

Sreq tension = 99.01 410.30 in Spacing of Screw due to Max. Tension

Sreq shear = 189.37 435.22 in Spacing of Screw due to Max. Shear

T = 24 11 Total screws required (Adjusted even number)

No. of Screw (L) = 6 0 Long Side (Adjusted)

No. of Screw (S) = 2 0 Short Side (Adjusted)

No. of Screw (C) = 2 2 Corner Anchors Use

W/Screw (uplift) = 147 180 lbf Tension per screw #14 TEK Screw

V/Screw = 42 16 lbf Shear per screw

TEK Screws OK
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EQUATIONS (Determine No. of Hold Down (No. of Clips)

Tek Screw #14-16 Ga #14-16 Ga Tek Screw - Metal Ga

AC# 1-3 7

Tallowable screw = 180 180 lbf/screw Allowable Tension Capacity of Tek Screw

Vallowable screw = 424 424 lbf/screw Allowable Shear Capacity of Tek Screw

UPLIFT CLIPS (T): Screws/Clip

Uplift = 814 77 lbf 4 @2" OC

Total No. Clip = 3 0 Long Side (Adjusted)

Total No. Clip = 2 0 per side Each side

SHORTSIDE CLIPS (V):

Shear = 1,002 172 lbf/Side 4 @2" OC

No. Clip = 0 0 per side Short Side (Adjusted)
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Connection Unit to Curb Clip

t1 = 0.0713 in

t2 = 0.1017 in Unit Base Rail Thickness

d = 0.1900 in Screw Diameter

t2/t1 = 1.4

Ω = 3.0 TEK Screw

Fu1 = 65 ksi

Fu2 = 65 ksi

dw = 0.375 in Nom. Washer Diameter

Check Block shear rupture: O.K.

Thinnest part = 0.0713 AISI BSR applies

Fy = 50 ksi

Agv = 0.463

Ω = 2.22 Bolt/Screw Connection

Anv = 0.443 in
2

Ant = 0.042 in
2

Rn1 = 16.62 k

Rn2 = 20.01 k

9.01 k

Rn1 16.62 < 20.01 Rn2

BSR OK (AISI Sect. E5.3)

STEEL ATTACHMENT
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ANCHORAGE DETAILS TO ROOF

HOLD DOWN DETAIL

Note:

14 SUMMARY:

15 Line of Sight Calcs

AC# 1-3 7

Hunit = 5.52 ft RTU Unit Height

Hbuilding+wall = 28.00 ft Height of Building + Wall

Hbuilding+wall > 3*Hunit 1 [Satisfactory]

SUMMARY:

The (N) RTUs will not be visible.

Contractor to install 4 hold down brackets.  2 Brackets at each side 

of the (E)Curb.  

BASED ON THE ANALYSIS, THE NEW ROOF CURB ADAPTERS HAVE 

ADEQUATE CAPACITY TO SUPPORT THE NEW RTUS.  
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16 Design Aids
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17 EnerCalc Output AC# 1-3 (D28") 28K6 @ 4' OC TYP UON
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