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Shelving Calculations

for 

Advanced Auto Parts #8663 

3426 Preston Hwy

Louisville, KY 40213

NOTE: 
THESE CALCS ARE TO SUPPLEMENT THE SHELVING
INSTALLATION MANUALS THAT ARE ISSUED FOR EACH
PROJECT.  ALL SHELVING COMPONENTS SHALL BE 
INSTALLED ACCORDING TO THE MANUFACTURER'S 
RECOMMENDATIONS. NOTIFY ENGINEER WITH ANY 
DISCREPANCIES.
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Location:

Frame A: 17"B x 48" L x 96"H Wall Shelving (4 Shelves)

Shelving Loads DL = 3 spf/ shelf

PL = 20 spf/ shelf

Frame A1: 13"B x 24" L x 132"H End Wall Shelving (6 Shelves)

Shelving Loads DL = 3 spf/ shelf

PL = 20 spf/ shelf

Frame B: 30" W x 50" L x 96" H Battery Rack (5 Shelves)

Shelving Loads DL = 5 spf/ shelf

PL = 500 Ib/ shelf

Frame C: 30" W x 50" L x 96" H Oil Rack (5 Shelves)

Shelving Loads DL = 5 spf/ shelf

PL = 680 Ib/ shelf

Frame E: 12/12" W x 48" L x 144" H S-series Shelving (14 Shelves)

Shelving Loads DL = 3 spf/ shelf

PL = 10 spf/ shelf

Frame E1: 18/18" W x 48" L x 144" H S-series Shelving (17 Shelves)

Shelving Loads DL = 3 spf/ shelf

PL = 12.5 spf/ shelf

Frame E4: 20" W x 96" L x 120" H Wide Span Rack (2 Shelves)

Shelving Loads DL = 3 spf/ shelf

PL = 500 Ib/ shelf

Frames A,A1:

Frame is Cantilevered Column System in Transverse Direction

and Moment Frame System in Longitudinal Direction.

Frame B,C,E,E1,E4:

Frame is Moment Frame System in Transverse Direction

and Braced System in Longitudinal Direction.

Shelving Framing Types

Building Code: 2018 Kentucky Building Code

based on 2015 IBC

ASCE 7-10 & RMI (as it applies)

Louisville, KY

Allowable Shelving Loads
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ASCE Hazards Report
Address:
3426 Preston Hwy
Louisville, Kentucky
40213

Standard: ASCE/SEI 7-10 Latitude: 38.196464

Risk Category: II Longitude: -85.73272

Soil Class: D - Stiff Soil Elevation: 498.98504617421384 ft 
(NAVD 88)
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SS : 0.206

S1 : 0.106

Fa : 1.6

Fv : 2.374

SMS : 0.33

SM1 : 0.253

SDS : 0.22

SD1 : 0.169

TL : 12

PGA : 0.096

PGA M : 0.153

FPGA : 1.6

Ie : 1

Seismic Design Category: C Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR

S  (g) vs T(s)a

Seismic

D - Stiff SoilSite Soil Class: 

Results: 

Data Accessed: Wed Aug 26 2026

Date Source: 
USGS Seismic Design Maps based on ASCE/SEI 7-10, incorporating Supplement 1 and errata of March 31, 
2013, and ASCE/SEI 7-10 Table 1.5-2. Additional data for site-specific ground motion procedures in 
accordance with ASCE/SEI 7-10 Ch. 21 are available from USGS.
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A

Manuf. = Lozier Type = WALL

. Width 1 = 17 IN Levels = 4

Width 2 = 0 IN Code = ASCE 7-10

Length = 48 IN

Max. Shelving Height = 96 IN

Ss = 0.206 S1 = 0.106 Site Class = D

Fa = 1.600 Fv = 2.374

0.220 SD1 = 0.168

Risk Category = II SEISMIC DESIGN CATEGORY = C

R = 4.00 (RMI Sec. 2.6.3) Cd = 3.5

I = 1.50 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

TL = 12 (ASCE 7 Figs. 22-14 thru 22-17)

Redundancy factor (ρ) = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

T = 0.02 * h 
(3/4)

 = 0.10

Anchor Design Factor Ωο  = 2.0 (Overstrenght; ACI318 Sec.17; ASCE7 Table 15.4-1)

Seismic Response Coefficient (ASCE 7 Sec.12.8)

Cs = 0.08 << CONTROLS

Cs, MAX = 0.66

Cs, MIN = 0.01

SEISMIC BASE SHEAR, VBASE = Cs Ws 

LOADS

DL = 3 PSF

PL = 20 PSF

(BASE DECK)   PL = 20 PSF

OPERATING WEIGHT         Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

 67%PL (every shelf loaded 67% of its rated load) (PL app)

100%PL (top shelf only loaded 100% of its rated load)

DL =  3 PSF x 1.42 FT x 4 FT x 4 SHELVES = 68.00 LBS  

PL app = 20 PSF x 1.42 FT x 4 FT x 3 SHELVES x 0.67 = 227.80 LBS

PL app= 20 PSF x 1.42 FT x 4 FT x 1 SHELVES x 0.67 = 75.93 LBS (BASE DECK)

LOAD COMBINATION ASD (RMI 2.1) WLC Ws E (factor) VBASE 

DL+0.67PL+0.75(0.7ρE) 371.73 371.73 0.525 16

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 410.10 371.73 0.525 16

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 349.60 371.73 0.700 21 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 211.59 371.73 0.700 21

VBASE MAX. 21

Ws = 349.60 LBS VBASE = 21 LBS

IF TOP SHELF 100% LOADED ONLY, 0.7ρ x VTOP = 10 LBS

SEISMIC DESIGN FRAME  (17''/0''. B x 48''L x 96''H WALL)
ASCE 7 & RMI (AS IT APPLIES)

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

SDS =
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LEVEL W h Wxhx
k Σ W i hi

k 
Cvx Fx

(lbs.) (ft) (lbs-ft) (lbs-ft) (lbs)

0.00 8.00 0.00 1223.61 0.00 0.00

4 87.40 6.50 568.10 1223.61 0.46 9.97

3 87.40 4.50 393.30 1223.61 0.32 6.90

2 87.40 2.50 218.50 1223.61 0.18 3.83

1 87.40 0.50 43.70 1223.61 0.04 0.77

TOTAL = 349.60 lbs per rack PSTATIC = 262.20 lbs per post

COMP.MAX = 521.33 lbs per post

Wxhx
k 

Σ W i hi
k 

V BASE = 21 LBS Σ (FX * h) = 105.80 LBS-FT

UPLIFT FORCES FOR ANCHORS

LW = 17 IN

LL = 48 IN

CONNECTION DISTANCE H = 68 IN

SEISMIC DESIGN - FRAME A (CONTINUED)

DISTRIBUTED LATERAL FORCES

     Cvx =
Fx = (Cvx) V k = 1.0 since  Ta ≤ 0.50
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LEVEL W h Wxhx
k Σ W i hi

k 
Cvx Fx

(lbs.) (ft) (lbs-ft) (lbs-ft) (lbs)

0.00 8.00 0.00 974.67 0.00 0.00

4 130.33 6.50 847.17 974.67 0.87 9.10

3 17.00 4.50 76.50 974.67 0.08 0.82

2 17.00 2.50 42.50 974.67 0.04 0.46

1 17.00 0.50 8.50 974.67 0.01 0.09

TOTAL = 181.33 lbs per frame

Wxhx
k 

Fx = (Cvx) V

Σ W i hi
k 

V TOP = 10 LBS

UPLIFT FORCES FOR ANCHORS

LW = 17 IN

LL = 48 IN

CONNECTION DISTANCE H = 68 IN

OVERTURNING MOMENTS TOP SHELF LOADED - FRAME A (CONTINUED)

DISTRIBUTED LATERAL FORCES

     Cvx =
k = 1.0 since  Ta ≤ 0.50
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NOTE:SECTION PROPERTIES LISTED ON COMPONENT DESIGN SHEETS, REFER TO APPENDIX 

B IN REPORT, INDICATING SHAPE, SIZE & RISA SECTION PROPERTIES FOR EACH COMPONENT.

17 IN . SHELF: Fy = 20 KSI MIN.

LENGTH OF SHELF (LL) = 4.00 FT W DL+LL = 32.58 PLF

MAX. M SHELF = W DL+LL x LL
2
 / 8 x 12 = 782.00 LBS-IN

MAX. V SHELF = (W DL+LL x LL / 2)  = 65.17 LBS

FROM RISA SECTION:

REQD SX = M SHELF / 0.6 Fy = 0.065 IN
3 

            Ix = 0.173 IN
4

SX = 0.156 IN
3 OK

REQD AREA = V SHELF / 0.4 Fy = 0.008 IN
2

AREA = 0.853 IN
2 OK

OK

SHELF BRACKET: TL STYLE Fy = 50 KSI MIN.

MAX SPAN (LS) = 17 IN LENGTH OF SHELF (LL)= 4.00 FT

wDL+LL+0.88PL = (DL+LL+0.88PL) x LL / 2 = 41.2 PLF

PVERT IMPACT = wDL+LL+0.88PL x 25% = 10.3 LBS

M(MAX) = [(wDL+LL+0.88PL x LS
2 

/ 24) + (PVERT IMPACT x LS )]  = 671.22 LBS-IN

V(MAX) =[(wDL+LL+0.88PL x Ls) +  PVERT IMPACT ] = 68.67 LBS

ASSUME ONLY TOP CLIP IN TENSION AREA = 0.951" x 0.12" = 0.11 IN
2

TENSION CAPACITY = AREA x 0.6Fy = 3424 LBS

MOMENT CAPACITY = TENSION CAP. x 1.82 IN = 6231 LBS-IN

MOMENT CAPACITY > M(MAX) OK

CHECK SHEAR OF BRACKET

VALLOW = AREA x 0.4Fy = 3195.36 LBS OK

THEREFORE SHELF BRACKET IS OK

COMPONENT DESIGN FOR FRAME A

THEREFORE SHELF IS 
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BASE CHANNEL: Fy = 45 KSI MIN.

Ω  = 1.67

FROM FRAME --> Σ (Fx x h) = MSEISMIC

MSEISMIC  = 1269.66 LBS-IN

FROM RISA SECTION PROPS SX = 0.670 IN
3 

fb/Fb = ( MSEISMIC /2 ) / (Sx x Fy/Ω) = 0.07 < 1.0

THEREFORE BASE CHANNEL IS OK

BASE BRACKET: Fy = 50 KSI MIN.

MSEISMIC  = 1269.66 LBS-IN

ASSUME BOTTOM CLIP IN TENSION AREA = 0.60" x 0.12" x 2 = 0.14 IN
2

TCAPACITY = AREA x Fy/Ω = 4311 LBS

MCAPACITY = TENSION CAP. x  5.69 in = 24531.7 LBS-IN

fb/Fb = ( MSEISMIC / (MCAPACITY) = 0.05 < 1.0

THEREFORE BASE BRACKET IS OK

COMPONENT DESIGN - TRANSVERSE DIRECTION (FRAME A) CONT.
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UPRITE .

SECTION PROPERTIES

SIZE = UP-STD-Lozier MAX HT = 96 IN

AREA = 0.757 IN
2

Fy = 55,000 PSI

Ix = 0.817 IN
4

Iy = 0.237 IN
4

Sx = 0.630 IN
3

Sy = 0.250 IN
3

rx = 1.039 IN ry = 0.560 IN

Cmx= 0.6 Ωc= 1.80

Unbrace Lx-x = 96 IN Ωb= 1.67

Unbrace Ly-y = 24 IN Kx = 1.7 (RMI Sec. 6.3.1.1)

SPAN (LS) = 17 IN Ky = 1.0 (RMI Sec. 6.3.1.2)

δSE = 0.46 IN

δX = 1.07 IN < 5% Structural Height  OK

PSTATIC = 349.60 LBS MAX

MSTATIC =  PSTATIC x LS / 24  = 247.63 LBS-FT

kLx (1.7)(96)

rx 1.039IN COLUMN SECTION

kLy (1)(24)

ry 0.56IN

π2
 * E

(Kl/r)
2

λc = (Fy / Fa)
1/2

= 2.18 >1.5

λc <1.5   (0.658
λc2

) Fy

λc >1.5   (0.877/λc2) Fy

Pn = AREA * Fn = 7701.65 LBS

PEX = (π2
EIX) / (KXLX)

2
= 8779.70 LBS

αx = 1 − (ΩcP/Pex) = 0.93

 MAX MOMENT IN COLUMN

Mx = MSTATIC  = 247.63 LBS-FT <--- CONTROLS

Mx = MSEISMIC =  Σ(Fx x h) = 105.80 LBS-FT

Mn = Sx * Fy = 2887.50 LBS-FT

COMBINED STRESS = fa/Fa + fb/Fb =

(ΩcP/Pn) + (ΩpCmxMx/Mnαx)  = 0.17 < 1.0

THEREFORE UPRITE IS OK

Fn = = 10174 PSI

Fa = = 11601 PSI

= = 42.86

COMPONENT DESIGN - TRANSVERSE DIRECTION (FRAME A)

= = 157.07 <-- CONTROLS
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RELATIVE SHELF STIFFNESS (17''. SHELF): E = 29000 KSI

I SHELF = 0.173 IN
4 LL = 48 IN

K SHELF = 384EI / LL
3
 = 17.420

RELATIVE UPRITE STIFFNESS:

I UPRITE = 0.237 IN
4 UNBRACED H = 24 IN

K UPRITE = 24EI / H
3
 =   11.932

FROM RISA MODEL (SEE NEXT 4 PAGES):

SHELF DESIGN: MAX. M = 0.085 K-FT (MEMBER M14 CONTROLS)

MAX. MIMPACT = PVERT IMPACT * LS  = 0.015 K-FT

MAX. M = 0.100 K-FT

Sx = 0.156 IN
3

Mallow = Sx*Fy/Ω = 0.156 K-FT

Mallow > MAX. M OK

T = C = M * 12 / 1.82 = 0.66 KIP

ALLOWABLE SHEAR TO RESIST MOMENT:

TAB DISTANCE = 1.82 IN

TAB = 0.95 IN

t = 11 GA

AREA OF TAB = 0.11 IN
2 (SEE COMP.CALCS)

FY = 50 KSI

VALLOW = 0.4 AREA FY = 2.27 KIP

T = C < VALLOW OK

UPRITE . DESIGN: MAX UNBRACED HT (LU) = 24 IN         Fy = 55000 PSI

LS = 17 IN

SECTION PROPERTIES FROM RISA SECTION:

AREA = 0.757 IN
2 Sy = 0.250 IN

3

Iy = 0.237 IN
4

MSTATIC = PSTATIC /2 * LS /2 = 1114.36 IN-LBS ry = 0.560 IN

kLy (0.8)(MAX HT) 12 * π2
 * E =

ry 0.56 23(Kl/r)
2

fa/Fa = (PSTATIC)/(AREA*Fa) = 0.003 fb/Fb = (MSTATIC) / (Sy*Fy/Ω) = 0.135

fa/Fa + fb/Fb = 0.138 < 1.00

FROM RISA MODEL OF FRAME A ===> MSTATIC + MSEISMIC (y-y) = 2 LBS-FT

fb/Fb = (MSTATIC+ MSEISMIC) / (Sy*Fy/Ω) = 0.003 fa/Fa + fb/Fb = 0.006 < 1.00

THEREFORE UPRITE IS OK

COMPONENT DESIGN - LONGITUDINAL DIRECTION (FRAME A)

= = 34.29  Fa = 127035 PSI
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Part

Frame A - 17x48x96 Wall Mounted

Nodes Layout

SK-2

Aug 27, 2026 at 03:53 PM

AAP_A0-17x48x96 - 4LVL - 4Bays.r3d
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AA

26-460 Advanced Auto Part

Frame A - 17x48x96 Wall Mounted

Members Label

SK-3

Aug 27, 2026 at 03:54 PM

AAP_A0-17x48x96 - 4LVL - 4Bays.r3d
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26-460 Advanced Auto Part

Frame A - 17x48x96 Wall Mounted

DL + LL

SK-4

Aug 27, 2026 at 03:54 PM

AAP_A0-17x48x96 - 4LVL - 4Bays.r3d
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Company
Designer
Job Number
Model Name

:
:
:
:

JPH & CLARK, Inc
AA
26-460 Advanced Auto Part
Frame A - 17x48x96 Wall Mounted

Checked By : KRC

8/27/2026
3:57:42 PM

RISA-3D Version 23 [ AAP_A0-17x48x96 - 4LVL - 4Bays.r3d ] Page 1

Node Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in]

1 N1 S100 S100 S100
2 N2 CS5000
3 N21 S100 S100 S100
4 N22 CS5000
5 N23 CS5000
6 N33 CS5000
7 N34 CS5000
8 N44 CS5000
9 N45 S100 S100 S100
10 N55 S100 S100 S100
11 N76 Reaction S20
12 N80 Reaction S20
13 N78 Reaction S20

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Ry Fu [ksi] Rt

1 A1008_50 29000 11154 0.3 0.65 0.49 50 1.2 60 1.1
2 A1011_50 29000 11154 0.3 0.65 0.49 50 1.2 60 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 SHELF-STD-BRK LOZIER-SHLF-STD-BRK Beam RECT A1011_50 Typical 0.223 0.000268 0.064 0.001
2 BASE-BRK HD BASE SECTION-N_HRA Beam Wide Flange A1011_50 Typical 0.662 0.047 2.411 0.000485
3 SS-SPANNER TMB-RAIL-L HBrace Wide Flange A1008_50 Typical 0.279 0.02 0.281 0.000295

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A1011 Gr60 29000 11346 0.3 0.65 0.49 60 75
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 C-STD-UPRIGHT UP-STD-LOZ Column None A607 C1 Gr.55 Typical 0.757 0.237 0.817 1.039

Basic Load Cases

BLC Description Category Nodal Distributed Area(Member)

1 DL DL 16
2 PLL LL 16
3 ELZ ELZ 4
4 ELX ELX 4
5 BLC 1 Transient Area Loads None 20
6 BLC 2 Transient Area Loads None 20

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
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RISA-3D Version 23 [ AAP_A0-17x48x96 - 4LVL - 4Bays.r3d ] Page 2

Load Combinations (Continued)

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N61 L Z 56.968
2 N62 L Z 39.44
3 N63 L Z 21.911
4 N64 L Z 4.382

Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N61 L X 37.979
2 N62 L X 26.293
3 N63 L X 14.607
4 N64 L X 2.921

Member Area Loads (BLC 1 : DL)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N19 N20 N12 N11 Y A-B -3 -3 -3 -3 Yes
2 N17 N18 N10 N9 Y A-B -3 -3 -3 -3 Yes
3 N15 N16 N8 N7 Y A-B -3 -3 -3 -3 Yes
4 N13 N14 N6 N5 Y A-B -3 -3 -3 -3 Yes
5 N20 N32 N28 N12 Y A-B -3 -3 -3 -3 Yes
6 N18 N31 N27 N10 Y A-B -3 -3 -3 -3 Yes
7 N16 N30 N26 N8 Y A-B -3 -3 -3 -3 Yes
8 N14 N29 N25 N6 Y A-B -3 -3 -3 -3 Yes
9 N32 N43 N39 N28 Y A-B -3 -3 -3 -3 Yes
10 N31 N42 N38 N27 Y A-B -3 -3 -3 -3 Yes
11 N30 N41 N37 N26 Y A-B -3 -3 -3 -3 Yes
12 N29 N40 N36 N25 Y A-B -3 -3 -3 -3 Yes
13 N43 N54 N50 N39 Y A-B -3 -3 -3 -3 Yes
14 N42 N53 N49 N38 Y A-B -3 -3 -3 -3 Yes
15 N41 N52 N48 N37 Y A-B -3 -3 -3 -3 Yes
16 N40 N51 N47 N36 Y A-B -3 -3 -3 -3 Yes

Member Area Loads (BLC 2 : PLL)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N19 N20 N12 N11 Y A-B -20 -20 -20 -20 Yes
2 N17 N18 N10 N9 Y A-B -20 -20 -20 -20 Yes
3 N15 N16 N8 N7 Y A-B -20 -20 -20 -20 Yes
4 N13 N14 N6 N5 Y A-B -20 -20 -20 -20 Yes
5 N20 N32 N28 N12 Y A-B -20 -20 -20 -20 Yes
6 N18 N31 N27 N10 Y A-B -20 -20 -20 -20 Yes
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Member Area Loads (BLC 2 : PLL) (Continued)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

7 N16 N30 N26 N8 Y A-B -20 -20 -20 -20 Yes
8 N14 N29 N25 N6 Y A-B -20 -20 -20 -20 Yes
9 N32 N43 N39 N28 Y A-B -20 -20 -20 -20 Yes
10 N31 N42 N38 N27 Y A-B -20 -20 -20 -20 Yes
11 N30 N41 N37 N26 Y A-B -20 -20 -20 -20 Yes
12 N29 N40 N36 N25 Y A-B -20 -20 -20 -20 Yes
13 N43 N54 N50 N39 Y A-B -20 -20 -20 -20 Yes
14 N42 N53 N49 N38 Y A-B -20 -20 -20 -20 Yes
15 N41 N52 N48 N37 Y A-B -20 -20 -20 -20 Yes
16 N40 N51 N47 N36 Y A-B -20 -20 -20 -20 Yes

Diaphragms

Node Label Plane Inactive No Wind/Drift

1 N51 ZX
2 N8 ZX
3 N10 ZX
4 N12 ZX

Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 0.024 10 178.908 3 43.375 3 0 12 0 12 0 12
2 min -4.366 9 23.336 1 5.658 1 0 1 0 1 0 1
3 N2 max 0 12 553.641 3 0 12 0 12 0 12 0 12
4 min 0 1 72.214 1 0 1 0 1 0 1 0 1
5 N21 max 0 3 15.327 12 50.325 3 0 12 0 12 0 12
6 min -0.039 9 -1.482 3 5.368 12 0 1 0 1 0 1
7 N22 max 0 12 44.34 3 0 12 0 12 0 12 0 12
8 min 0 1 5.783 1 0 1 0 1 0 1 0 1
9 N23 max 0 12 489.961 3 0 12 0 12 0 12 0 12
10 min 0 1 63.908 1 0 1 0 1 0 1 0 1
11 N33 max 0 12 45.013 3 0 12 0 12 0 12 0 12
12 min 0 1 5.871 1 0 1 0 1 0 1 0 1
13 N34 max 0 12 553.658 3 0 12 0 12 0 12 0 12
14 min 0 1 72.216 1 0 1 0 1 0 1 0 1
15 N44 max 0 12 44.335 3 0 12 0 12 0 12 0 12
16 min 0 1 5.783 1 0 1 0 1 0 1 0 1
17 N45 max -0.002 1 178.926 3 43.375 3 0 12 0 12 0 12
18 min -4.371 8 23.338 1 5.658 1 0 1 0 1 0 1
19 N55 max 0 1 15.324 12 50.324 3 0 12 0 12 0 12
20 min -0.039 8 -2.728 8 5.371 12 0 1 0 1 0 1
21 N76 max 15.593 3 0 12 -7.476 1 0 12 0 12 0 12
22 min -7.012 9 0 1 -57.316 3 0 1 0 1 0 1
23 N80 max -2.035 1 0 12 -7.476 1 0 12 0 12 0 12
24 min -23.807 8 0 1 -57.316 3 0 1 0 1 0 1
25 N78 max 0 12 0 12 -9.491 1 0 12 0 12 0 12
26 min -21.775 8 0 1 -72.765 3 0 1 0 1 0 1
27 N69 max NC NC NC LOCKED NC LOCKED
28 min NC NC NC LOCKED NC LOCKED
29 N65 max NC NC NC LOCKED NC LOCKED
30 min NC NC NC LOCKED NC LOCKED
31 N70 max NC NC NC LOCKED NC LOCKED
32 min NC NC NC LOCKED NC LOCKED
33 N66 max NC NC NC LOCKED NC LOCKED
34 min NC NC NC LOCKED NC LOCKED
35 N71 max NC NC NC LOCKED NC LOCKED
36 min NC NC NC LOCKED NC LOCKED
37 N67 max NC NC NC LOCKED NC LOCKED
38 min NC NC NC LOCKED NC LOCKED
39 N68 max NC NC NC LOCKED NC LOCKED
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Envelope Node Reactions (Continued)

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

40 min NC NC NC LOCKED NC LOCKED
41 N72 max NC NC NC LOCKED NC LOCKED
42 min NC NC NC LOCKED NC LOCKED
43 Totals: max 0.001 11 2085.824 3 0.002 3
44 min -57.263 9 272.064 1 -85.87 12

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max178.908 6 3 56.328 90 3 5.985 93 3 0.138 81 3 1.087 90 9 57.048 78 3
2 min -11.773 79 3 -2.082 75 12 -5.782 87 3 -0.098 26 8 -2.459 90 3 -39.544 54 3
3 M2 max553.641 6 3 72.89 78 3 1.033 81 3 0.063 68 8 0.038 42 3 51.712 54 3
4 min -2.618 79 3 -0.012 94 10 -1.156 75 3 -0.095 26 8 -0.529 78 3 -98.593 78 3
5 M3 max 0 15.70412 65.179 0 3 0 15.70412 0 15.70412 0 15.70412 42.65 0 3
6 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
7 M4 max 0 15.70412 130.362 0 3 0 15.70412 0 15.70412 0 15.70412 85.299 0 3
8 min 0 0 1 -0.002 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
9 M5 max 0 15.70412 65.179 0 3 0 15.70412 0 15.70412 0 15.70412 42.649 0 3
10 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
11 M6 max 0 15.70412 130.363 0 3 0 15.70412 0 15.70412 0 15.70412 85.3 0 3
12 min 0 0 1 -0.001 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
13 M7 max 0 15.70412 65.179 0 3 0 15.70412 0 15.70412 0 15.70412 42.649 0 3
14 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
15 M8 max 0 15.70412 130.363 0 3 0 15.70412 0 15.70412 0 15.70412 85.3 0 3
16 min 0 0 1 -0.001 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
17 M9 max 0 15.70412 66.659 0 3 0 15.70412 0.019 15.704 9 0 15.70412 19.425 0 3
18 min 0 0 1 -15.327 15.70412 0 0 1 0 0 3 0 0 1 -25.162 15.704 3
19 M10 max 0 15.70412 86.024 0 3 0 15.70412 0 15.70412 0 15.70412 27.275 0 3
20 min 0 0 1 -44.34 15.704 3 0 0 1 0 0 1 0 0 1 -12.039 8.506 11
21 M11 max 15.327 6 12 0.039 6 9 50.325 6 3 0 6 12 25.162 6 3 0 6 3
22 min -1.482 0 3 0 0 3 5.368 0 12 0 0 1 0 0 1 -0.019 6 9
23 M12 max 44.34 6 3 0 6 12 0 6 12 0 6 12 0 6 3 0 6 12
24 min 5.783 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
25 M13 max489.961 6 3 70.353 90 3 7.532 90 9 0.062 78 8 2.581 90 9 72.185 78 3
26 min -10.577 79 3 -0.157 91 3 -7.06 91 8 -0.095 6 8 -0.718 78 9 -61.495 54 3
27 M14 max 0.004 7.034 9 130.365 0 3 0 15.70412 0 15.70412 0 15.70412 85.302 0 3
28 min -0.004 8.834 9 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
29 M15 max 0.007 7.034 8 130.364 0 3 0 15.70412 0 15.70412 0 15.70412 85.301 0 3
30 min -0.007 8.834 8 0 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
31 M16 max 0.003 7.034 8 130.364 0 3 0 15.70412 0 15.70412 0 15.70412 85.302 0 3
32 min -0.004 8.834 8 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
33 M17 max 0 7.034 9 85.351 0 3 0 15.70412 0 15.70412 0 15.70412 26.394 0 3
34 min 0 8.834 9 -45.013 15.704 3 0 0 1 0 0 1 0 0 1 -12.437 8.343 11
35 M18 max 45.013 6 3 0 6 12 0 6 12 0 6 12 0 6 12 0 6 12
36 min 5.871 0 1 0 0 1 0 0 1 0 0 1 0 6 5 0 0 1
37 M19 max 3.078 2.396 3 1.651 46 3 0.278 2.396 3 0 43.125 1 0.059 2.875 3 0.33 43.604 3
38 min -12.10643.604 3 -0.066 38.813 3 -0.119 2.875 3 -0.007 0 3 -0.011 43.604 3 -0.326 2.396 3
39 M20 max -1.689 46 1 0.06 7.188 3 0.128 2.396 3 0.007 46 3 0.034 43.125 8 0.295 2.396 3
40 min -15.93614.375 3 -1.478 0 3 -0.159 43.604 8 0 2.875 1 0 0 1 -0.295 43.604 3
41 M21 max 0 46 12 0 46 11 0.551 2.396 3 0.002 2.396 3 0.116 2.875 3 0 2.396 11
42 min 0 0 1 0 0 11 -0.31 2.875 3 -0.008 43.604 3 -0.005 7.667 3 0 32.10411
43 M22 max 0 46 12 0 46 11 0.56 2.396 3 0.007 2.396 3 0.119 2.875 3 0 2.396 11
44 min 0 0 1 0 0 11 -0.476 43.604 3 -0.005 43.604 3 0 38.333 9 0 32.10411
45 M23 max 0 46 12 0 46 12 0.271 46 3 0 9.104 3 0.031 23 3 0 46 12
46 min 0 0 1 0 0 1 -0.205 23 3 -0.002 36.896 3 -0.205 36.896 3 0 0 1
47 M24 max 0 46 12 0 46 12 0.246 46 3 0.002 9.104 3 0.046 23 3 0 46 12
48 min 0 0 1 0 0 1 -0.267 0 3 -0.002 36.896 3 -0.202 9.104 3 0 0 1
49 M25 max553.658 6 3 72.89 78 3 1.146 78 3 0.062 68 8 0.528 78 3 51.71 54 3
50 min -2.623 79 3 -0.012 94 10 -1.027 79 3 -0.095 26 8 -0.156 54 9 -98.593 78 3
51 M26 max 0 15.70412 130.362 0 3 0 15.70412 0 15.70412 0 15.70412 85.299 0 3
52 min 0 0 1 -0.002 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
53 M27 max 0 15.70412 130.363 0 3 0 15.70412 0 15.70412 0 15.70412 85.3 0 3
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

54 min 0 0 1 -0.001 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
55 M28 max 0 15.70412 130.363 0 3 0 15.70412 0 15.70412 0 15.70412 85.3 0 3
56 min 0 0 1 -0.001 15.704 3 0 0 1 0 0 1 0 0 1 0 15.704 1
57 M29 max 0 15.70412 86.028 0 3 0 15.70412 0 15.70412 0 15.70412 27.281 0 3
58 min 0 0 1 -44.336 15.704 3 0 0 1 0 0 1 0 0 1 -12.037 8.506 11
59 M30 max 44.335 6 3 0 6 12 0 6 12 0 6 12 0 6 12 0 6 12
60 min 5.783 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
61 M31 max -1.689 2.396 1 1.479 46 3 0.107 2.396 3 0 43.125 1 0.029 43.125 7 0.295 43.604 3
62 min -15.941 23 3 -0.06 38.813 3 -0.138 43.604 7 -0.007 0 3 -0.009 2.875 9 -0.295 2.396 3
63 M32 max 0 46 12 0 46 12 0.484 2.396 3 0.005 2.396 3 0.117 43.125 3 0 2.396 11
64 min 0 0 1 0 0 11 -0.553 43.604 3 -0.008 43.604 3 0 0 1 0 0 1
65 M33 max 0 46 12 0 46 12 0.269 46 3 0.002 9.104 3 0.046 23 3 0 46 12
66 min 0 0 1 0 0 1 -0.243 0 3 -0.002 36.896 3 -0.204 36.896 3 0 0 1
67 M34 max178.926 6 3 56.328 90 3 8.98 90 8 0.064 61 8 3.736 90 8 57.048 78 3
68 min -11.782 79 3 -2.079 75 12 -9.097 91 8 -0.138 78 3 -2.2 6 8 -39.554 54 3
69 M35 max 0 15.70412 65.188 0 3 0 15.70412 0 15.70412 0 15.70412 42.655 0 3
70 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
71 M36 max 0 15.70412 65.188 0 3 0 15.70412 0 15.70412 0 15.70412 42.655 0 3
72 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
73 M37 max 0 15.70412 65.188 0 3 0 15.70412 0 15.70412 0 15.70412 42.655 0 3
74 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
75 M38 max 0 15.70412 66.663 0 3 0 15.70412 0.019 15.704 8 0 15.70412 19.424 0 3
76 min 0 0 1 -15.323 15.70412 0 0 1 0 0 1 0 0 1 -25.162 15.704 3
77 M39 max 15.324 6 12 0.039 6 8 50.324 6 3 0 6 12 25.162 6 3 0 1.563 1
78 min -2.728 0 8 0 0 1 5.371 0 12 0 0 1 0 0 1 -0.019 6 8
79 M40 max 5.552 43.125 8 0.066 7.188 3 0.12 43.125 7 0.007 46 3 0.059 43.125 7 0.329 2.396 3
80 min -12.106 0 3 -1.65 0 3 -0.279 43.604 7 0 2.875 1 -0.016 2.875 8 -0.326 43.604 3
81 M41 max 0 46 12 0 46 12 0.32 43.125 3 0.007 2.396 3 0.117 43.125 3 0 43.60411
82 min 0 0 1 0 0 1 -0.559 43.604 3 -0.001 43.604 3 -0.011 38.333 8 0 0 1
83 M42 max 0 46 12 0 46 12 0.206 23 3 0.002 9.104 3 0.032 23 3 0 46 12
84 min 0 0 1 0 0 1 -0.27 0 3 0 36.896 3 -0.205 9.104 3 0 0 1

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 General Members
2 RIGID 5 30 0
3 General Walls Volume (yds^3)
4 gen-cf 8 0.1 0.056
5 Total General 13 30.1 0.056
6
7 Hot Rolled Steel
8 A1008_50 TMB-RAIL-L 12 552 0.044
9 A1011_50 HD BASE SECTION-N_HRA 5 78.5 0.015
10 A1011_50 LOZIER-SHLF-STD-BRK 15 235.6 0.015
11 Total HR Steel 32 866.1 0.073
12
13 Cold Formed Steel
14 A607 C1 Gr.55 UP-STD-LOZ 5 480 0.103
15 Total CF Steel 5 480 0.103
16
17 Plate Elements Thickness (in) Volume (yds^3)
18 STL 0 16 0 0.081
19 Total Plates 16 0 0.081
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A

Manuf. = Lozier Type = ENDCAP

. Width 1 = 13 IN Levels = 6

Width 2 = 0 IN Code = ASCE 7-10

Length = 24 IN

Max. Shelving Height = 132 IN

Ss = 0.206 S1 = 0.106 Site Class = D

Fa = 1.600 Fv = 2.374

0.220 SD1 = 0.168

Risk Category = II SEISMIC DESIGN CATEGORY = C

R = 4.00 (RMI Sec. 2.6.3) Cd = 3.5

I = 1.50 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

TL = 12 (ASCE 7 Figs. 22-14 thru 22-17)

Redundancy factor (ρ) = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

T = 0.02 * h 
(3/4)

 = 0.12

Anchor Design Factor Ωο  = 2.0 (Overstrength; ACI318 Sec.17; ASCE7 Table 15.4-1)

Seismic Response Coefficient (ASCE 7 Sec.12.8)

Cs = 0.08 << CONTROLS

Cs, MAX = 0.52

Cs, MIN = 0.01

SEISMIC BASE SHEAR, VBASE = Cs Ws 

LOADS

DL = 3 PSF

PL = 20 PSF

(BASE DECK)   PL = 20 PSF

OPERATING WEIGHT         Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

 67%PL (every shelf loaded 67% of its rated load) (PL app)

100%PL (top shelf only loaded 100% of its rated load)

DL =  3 PSF x 1.08 FT x 2 FT x 6 SHELVES = 39.00 LBS  

PL app = 20 PSF x 1.08 FT x 2 FT x 5 SHELVES x 0.67 = 145.17 LBS

PL app= 20 PSF x 1.08 FT x 2 FT x 1 SHELVES x 0.67 = 29.03 LBS (BASE DECK)

LOAD COMBINATION ASD (RMI 2.1) WLC Ws E (factor) VBASE 

DL+0.67PL+0.75(0.7ρE) 213.20 213.20 0.525 9

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 235.21 213.20 0.525 9

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 200.51 213.20 0.700 12

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 121.35 213.20 0.700 12 CONTROLS

VBASE MAX. 12

Ws = 121.35 LBS VBASE = 12 LBS

IF TOP SHELF 100% LOADED ONLY, 0.7ρ x VTOP = 5 LBS

SEISMIC DESIGN FRAME 

SDS =

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

ASCE 7 & RMI (AS IT APPLIES)

 (13''/0''. B x 24''L x 132''H ENDCAP)

Page 25 of 155

 

JOB:  DATE:  

 

BY:  CHD:  

    

 

 

JPH & CLARK, INC.
CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



LEVEL W h Wxhx
k Σ W i hi

k 
Cvx Fx

(lbs.) (ft) (lbs-ft) (lbs-ft) (lbs)

0.00 11.00 0.00 566.32 0.00 0.00

6 20.23 8.83 178.66 566.32 0.32 3.88

5 20.23 7.17 144.95 566.32 0.26 3.15

4 20.23 5.50 111.24 566.32 0.20 2.42

3 20.23 3.83 77.53 566.32 0.14 1.69

2 20.23 2.17 43.82 566.32 0.08 0.95

1 20.23 0.50 10.11 566.32 0.02 0.22

TOTAL = 121.35 lbs per rack PSTATIC = 101.13 lbs per post

COMP.MAX = 299.00 lbs per post

Wxhx
k 

Σ W i hi
k 

V BASE = 12 LBS Σ (FX * h) = 78.83 LBS-FT

UPLIFT FORCES FOR ANCHORS

LW = 13 IN

LL = 24 IN

SEISMIC DESIGN - FRAME A (CONTINUED)

k = 1.0 since  Ta ≤ 0.50

DISTRIBUTED LATERAL FORCES

     Cvx =
Fx = (Cvx) V
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LEVEL W h Wxhx
k Σ W i hi

k 
Cvx Fx

(lbs.) (ft) (lbs-ft) (lbs-ft) (lbs)

6 49.83 8.83 440.19 564.78 0.78 3.71

5 6.50 7.17 46.58 564.78 0.08 0.39

4 6.50 5.50 35.75 564.78 0.06 0.30

3 6.50 3.83 24.92 564.78 0.04 0.21

2 6.50 2.17 14.08 564.78 0.02 0.12

1 6.50 0.50 3.25 564.78 0.01 0.03

TOTAL = 82.33 lbs per frame

Wxhx
k 

Fx = (Cvx) V

Σ W i hi
k 

V TOP = 5 LBS

UPLIFT FORCES FOR ANCHORS

LW = 13 IN

LL = 24 IN

OVERTURNING MOMENTS TOP SHELF LOADED - FRAME A (CONTINUED)

DISTRIBUTED LATERAL FORCES

     Cvx =
k = 1.0 since  Ta ≤ 0.50
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NOTE:SECTION PROPERTIES LISTED ON COMPONENT DESIGN SHEETS, REFER TO APPENDIX 

B IN REPORT, INDICATING SHAPE, SIZE & RISA SECTION PROPERTIES FOR EACH COMPONENT.

13 IN . SHELF: Fy = 20 KSI MIN.

LENGTH OF SHELF (LL) = 2.00 FT W DL+LL = 24.92 PLF

MAX. M SHELF = W DL+LL x LL
2
 / 8 x 12 = 149.50 LBS-IN

MAX. V SHELF = (W DL+LL x LL / 2)  = 24.92 LBS

FROM RISA SECTION:

REQD SX = M SHELF / 0.6 Fy = 0.012 IN
3 

            Ix = 0.096 IN
4

SX = 0.082 IN
3 OK

REQD AREA = V SHELF / 0.4 Fy = 0.003 IN
2

AREA = 0.600 IN
2 OK

OK

SHELF BRACKET: TL STYLE Fy = 50 KSI MIN.

MAX SPAN (LS) = 13 IN LENGTH OF SHELF (LL)= 2.00 FT

wDL+LL+0.88PL = (DL+LL+0.88PL) x LL / 2 = 20.6 PLF

PVERT IMPACT = wDL+LL+0.88PL x 25% = 5.15 LBS

M(MAX) = [(wDL+LL+0.88PL x LS
2 

/ 24) + (PVERT IMPACT x LS )]  = 212.01 LBS-IN

V(MAX) =[(wDL+LL+0.88PL x Ls) +  PVERT IMPACT ] = 27.47 LBS

ASSUME ONLY TOP CLIP IN TENSION AREA = 0.951" x 0.12" = 0.11 IN
2

TENSION CAPACITY = AREA x 0.6Fy = 3424 LBS

MOMENT CAPACITY = TENSION CAP. x 1.82 IN = 6231 LBS-IN

MOMENT CAPACITY > M(MAX) OK

CHECK SHEAR OF BRACKET

VALLOW = AREA x 0.4Fy = 3195.36 LBS OK

THEREFORE SHELF BRACKET IS OK

COMPONENT DESIGN FOR FRAME A

THEREFORE SHELF IS 
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BASE CHANNEL: Fy = 45 KSI MIN.

Ω  = 1.67

FROM FRAME --> Σ (Fx x h) = MSEISMIC

MSEISMIC  = 946.00 LBS-IN

FROM RISA SECTION PROPS SX = 0.670 IN
3 

fb/Fb = ( MSEISMIC /2 ) / (Sx x Fy/Ω) = 0.05 < 1.0

THEREFORE BASE CHANNEL IS OK

BASE BRACKET: Fy = 50 KSI MIN.

MSEISMIC  = 946.00 LBS-IN

ASSUME BOTTOM CLIP IN TENSION AREA = 0.60" x 0.12" x 2 = 0.14 IN
2

TCAPACITY = AREA x Fy/Ω = 4311 LBS

MCAPACITY = TENSION CAP. x  5.69 in = 24531.7 LBS-IN

fb/Fb = ( MSEISMIC / (MCAPACITY) = 0.04 < 1.0

THEREFORE BASE BRACKET IS OK

COMPONENT DESIGN - TRANSVERSE DIRECTION (FRAME A) CONT.
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UPRITE .

SECTION PROPERTIES

SIZE = UP-STD-Lozier MAX HT = 132 IN

AREA = 0.757 IN
2

Fy = 55,000 PSI

Ix = 0.817 IN
4

Iy = 0.237 IN
4

Sx = 0.630 IN
3

Sy = 0.250 IN
3

rx = 1.039 IN ry = 0.560 IN

Cmx= 0.6 Ωc= 1.80

Unbrace Lx-x = 132 IN Ωb= 1.67

Unbrace Ly-y = 20 IN Kx = 1.7 (RMI Sec. 6.3.1.1)

SPAN (LS) = 13 IN Ky = 1.0 (RMI Sec. 6.3.1.2)

δSE = 0.54 IN

δX = 1.26 IN < 5% Structural Height  OK

PSTATIC = 200.51 LBS MAX

MSTATIC =  PSTATIC x LS / 24  = 108.61 LBS-FT

kLx (1.7)(132)

rx 1.039IN COLUMN SECTION

kLy (1)(20)

ry 0.56IN

π2
 * E

(Kl/r)
2

λc = (Fy / Fa)
1/2

= 2.99 >1.5

= 5381 PSI

Pn = AREA * Fn = 4073.60 LBS

PEX = (π2
EIX) / (KXLX)

2
= 4643.81 LBS

αx = 1 − (ΩcP/Pex) = 0.92

 MAX MOMENT IN COLUMN

Mx = MSTATIC  = 108.61 LBS-FT <--- CONTROLS

Mx = MSEISMIC =  Σ(Fx x h) = 78.83 LBS-FT

Mn = Sx * Fy = 2887.50 LBS-FT

COMBINED STRESS = fa/Fa + fb/Fb =

(ΩcP/Pn) + (ΩpCmxMx/Mnαx)  = 0.13 < 1.0

THEREFORE UPRITE IS OK

COMPONENT DESIGN - TRANSVERSE DIRECTION (FRAME A)

Fa = = 6136 PSI

= = 35.71

= = 215.98 <-- CONTROLS

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy

Page 30 of 155

 

JOB:  DATE:  

 

BY:  CHD:  

    

 

 

JPH & CLARK, INC.
CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



RELATIVE SHELF STIFFNESS (13''. SHELF): E = 29000 KSI

I SHELF = 0.096 IN
4 LL = 24 IN

K SHELF = 384EI / LL
3
 = 77.333

RELATIVE UPRITE STIFFNESS:

I UPRITE = 0.237 IN
4 UNBRACED H = 20 IN

K UPRITE = 24EI / H
3
 =   20.619

FROM RISA MODEL (SEE NEXT 4 PAGES):

SHELF DESIGN: MAX. M = 0.021 K-FT 

MAX. MIMPACT = PVERT IMPACT * LS  = 0.006 K-FT

MAX. M = 0.027 K-FT

Sx = 0.082 IN
3

Mallow = Sx*Fy/Ω = 0.082 K-FT

Mallow > MAX. M OK

T = C = M * 12 / 1.82 = 0.18 KIP

ALLOWABLE SHEAR TO RESIST MOMENT:

TAB DISTANCE = 1.82 IN

TAB = 0.95 IN

t = 11 GA

AREA OF TAB = 0.11 IN
2 (SEE COMP.CALCS)

FY = 50 KSI

VALLOW = 0.4 AREA FY = 2.27 KIP

T = C < VALLOW OK

UPRITE . DESIGN: MAX UNBRACED HT (LU) = 20 IN         Fy = 55000 PSI
LS = 13 IN

SECTION PROPERTIES FROM RISA SECTION:

AREA = 0.757 IN
2 Sy = 0.250 IN

3

Iy = 0.237 IN
4

MSTATIC = PSTATIC /2 * LS /2 = 328.67 IN-LBS ry = 0.560 IN

kLy (0.8)(MAX HT) 12 * π2
 * E =

ry 0.56 23(Kl/r)
2

fa/Fa = (PSTATIC)/(AREA*Fa) = 0.001 fb/Fb = (MSTATIC) / (Sy*Fy/Ω) = 0.040

fa/Fa + fb/Fb = 0.041 < 1.00

FROM RISA MODEL OF FRAME A ===> MSTATIC + MSEISMIC (y-y) = 2 LBS-FT

fb/Fb = (MSTATIC+ MSEISMIC) / (Sy*Fy/Ω) = 0.003 fa/Fa + fb/Fb = 0.004 < 1.00

THEREFORE UPRITE IS OK

COMPONENT DESIGN - LONGITUDINAL DIRECTION (FRAME A)

= = 28.57  Fa = 182931 PSI
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Node Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in]

1 N21 S20 S20 S20
2 N1 S20 S20 S20
3 N2 S20 S20 S20
4 N22 S20 S20 S20

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Ry Fu [ksi] Rt

1 A1008_50 29000 11154 0.3 0.65 0.49 50 1.2 60 1.1
2 A1011_50 29000 11154 0.3 0.65 0.49 50 1.2 60 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 SHELF-STD-BRK LOZIER-SHLF-STD-BRK Beam RECT A1011_50 Typical 0.223 0.000268 0.064 0.001
2 BASE-BRK HD BASE SECTION-N_HRA Beam Wide Flange A1011_50 Typical 0.662 0.047 2.411 0.000485
3 SS-SPANNER TMB-RAIL-L HBrace Wide Flange A1008_50 Typical 0.279 0.02 0.281 0.000295

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A1011 Gr60 29000 11346 0.3 0.65 0.49 60 75
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 C-STD-UPRIGHT UP-STD-LOZ Column None A607 C1 Gr.55 Typical 0.757 0.237 0.817 1.039

Basic Load Cases

BLC Description Category Nodal Distributed Area(Member)

1 DL DL 6
2 PLL LL 6
3 ELZ ELZ 6
4 ELX ELX 6
5 BLC 1 Transient Area Loads None 12
6 BLC 2 Transient Area Loads None 12

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX -1
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Load Combinations (Continued)

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N31A L Z 6.048
2 N32A L Z 4.907
3 N33 L Z 3.766
4 N34 L Z 2.625
5 N35 L Z 1.484
6 N36 L Z 0.342

Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N31A L X 4.032
2 N32A L X 3.271
3 N33 L X 2.511
4 N34 L X 1.75
5 N35 L X 0.989
6 N36 L X 0.228

Member Area Loads (BLC 1 : DL)

Node A Node B Node C Node D Direction Load Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N19 N20 N12 N11 Y A-B -3 -3 -3 -3 Yes
2 N17 N18 N10 N9 Y A-B -3 -3 -3 -3 Yes
3 N15 N16 N8 N7 Y A-B -3 -3 -3 -3 Yes
4 N13 N14 N6 N5 Y A-B -3 -3 -3 -3 Yes
5 N25 N26 N28 N27 Y A-B -3 -3 -3 -3 Yes
6 N29 N30 N32 N31 Y A-B -3 -3 -3 -3 Yes

Member Area Loads (BLC 2 : PLL)

Node A Node B Node C Node D Direction Load Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N19 N20 N12 N11 Y A-B -20 -20 -20 -20 Yes
2 N17 N18 N10 N9 Y A-B -20 -20 -20 -20 Yes
3 N15 N16 N8 N7 Y A-B -20 -20 -20 -20 Yes
4 N13 N14 N6 N5 Y A-B -20 -20 -20 -20 Yes
5 N25 N26 N28 N27 Y A-B -20 -20 -20 -20 Yes
6 N29 N30 N32 N31 Y A-B -20 -20 -20 -20 Yes

Diaphragms

Node Label Plane Inactive No Wind/Drift

1 N14 ZX
2 N8 ZX
3 N10 ZX
4 N12 ZX
5 N28 ZX
6 N32 ZX
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Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N21 max 0.023 10 109.267 10 -1.479 1 0 12 0 12 0 12
2 min -0.36 9 14.21 1 -14.469 11 0 1 0 1 0 1
3 N1 max 0.204 10 88.738 3 10.95 3 0 12 0 12 0 12
4 min -4.058 9 5.216 12 1.428 1 0 1 0 1 0 1
5 N2 max 0.266 3 87.229 7 10.772 3 0 12 0 12 0 12
6 min -4.028 9 2.372 12 1.405 1 0 1 0 1 0 1
7 N22 max 0.025 10 108.925 10 -1.49 1 0 12 0 12 0 12
8 min -0.359 9 14.165 1 -14.571 11 0 1 0 1 0 1
9 N43 max NC NC NC LOCKED NC LOCKED
10 min NC NC NC LOCKED NC LOCKED
11 N37 max NC NC NC LOCKED NC LOCKED
12 min NC NC NC LOCKED NC LOCKED
13 N49 max NC NC NC LOCKED NC LOCKED
14 min NC NC NC LOCKED NC LOCKED
15 N55 max NC NC NC LOCKED NC LOCKED
16 min NC NC NC LOCKED NC LOCKED
17 N44 max NC NC NC LOCKED NC LOCKED
18 min NC NC NC LOCKED NC LOCKED
19 N50 max NC NC NC LOCKED NC LOCKED
20 min NC NC NC LOCKED NC LOCKED
21 N38 max NC NC NC LOCKED NC LOCKED
22 min NC NC NC LOCKED NC LOCKED
23 N56 max NC NC NC LOCKED NC LOCKED
24 min NC NC NC LOCKED NC LOCKED
25 N39 max NC NC NC LOCKED NC LOCKED
26 min NC NC NC LOCKED NC LOCKED
27 N45 max NC NC NC LOCKED NC LOCKED
28 min NC NC NC LOCKED NC LOCKED
29 N51 max NC NC NC LOCKED NC LOCKED
30 min NC NC NC LOCKED NC LOCKED
31 N57 max NC NC NC LOCKED NC LOCKED
32 min NC NC NC LOCKED NC LOCKED
33 N40 max NC NC NC LOCKED NC LOCKED
34 min NC NC NC LOCKED NC LOCKED
35 N46 max NC NC NC LOCKED NC LOCKED
36 min NC NC NC LOCKED NC LOCKED
37 N52 max NC NC NC LOCKED NC LOCKED
38 min NC NC NC LOCKED NC LOCKED
39 N58 max NC NC NC LOCKED NC LOCKED
40 min NC NC NC LOCKED NC LOCKED
41 N47 max NC NC NC LOCKED NC LOCKED
42 min NC NC NC LOCKED NC LOCKED
43 N41 max NC NC NC LOCKED NC LOCKED
44 min NC NC NC LOCKED NC LOCKED
45 N53 max NC NC NC LOCKED NC LOCKED
46 min NC NC NC LOCKED NC LOCKED
47 N59 max NC NC NC LOCKED NC LOCKED
48 min NC NC NC LOCKED NC LOCKED
49 N48 max NC NC NC LOCKED NC LOCKED
50 min NC NC NC LOCKED NC LOCKED
51 N54 max NC NC NC LOCKED NC LOCKED
52 min NC NC NC LOCKED NC LOCKED
53 N42 max NC NC NC LOCKED NC LOCKED
54 min NC NC NC LOCKED NC LOCKED
55 N60 max NC NC NC LOCKED NC LOCKED
56 min NC NC NC LOCKED NC LOCKED
57 Totals: max 0.514 10 391.092 3 -0.136 1
58 min -8.805 9 51.012 1 -14.412 11
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Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M12 max108.925 6 10 0.359 6 9 -1.49 6 1 0 6 12 0 0 12 0.012 6 10
2 min 14.165 0 1 -0.025 0 10 -14.571 0 11 0 0 1 -7.286 6 11 -0.179 6 9
3 M11 max109.267 6 10 0.36 6 9 -1.479 6 1 0 6 12 0 0 12 0.012 6 10
4 min 14.21 0 1 -0.023 0 10 -14.469 0 11 0 0 1 -7.235 6 11 -0.18 6 9
5 M1 max 159.2 13.75 3 10.95 5.5 3 2.879 13.75 9 0.313 13.75 10 0.126 35.75 3 0.515 107.25 8
6 min -0.562 107.25 3 -7.087 20.62511 -4.058 0 9 -4.574 23.375 9 -2.003 6.875 9 -132.072 6.875 10
7 M2 max155.286 13.75 3 10.772 5.5 3 2.767 13.75 9 0.316 24.75 10 0.225 45.375 3 0.001 107.25 3
8 min -0.58 107.25 3 -6.851 20.62511 -4.028 0 9 -4.573 6.875 9 -1.987 6.875 9 -131.463 6.875 10
9 M15 max 0 22 12 0 22 12 0.134 22 3 0.005 22 7 0 22 12 0 22 12
10 min 0 0 1 0 0 1 -0.134 0 3 -0.005 0 10 -0.123 11 3 0 0 1
11 M14 max 0 22 12 0 22 12 0.067 4.125 8 0.001 4.125 8 0.025 4.354 8 0 22 12
12 min 0 0 1 0 0 1 -0.06 17.875 3 -0.001 17.875 3 -0.003 17.646 9 0 4.125 10
13 M13 max -0.013 10.771 1 0 22 3 0.002 11 3 0 11 8 0.002 11 3 0.281 11 8
14 min -0.101 11 3 -0.307 0 8 -0.002 11.229 3 0 11.229 3 0 0 1 -0.275 11.229 9
15 M3 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
16 min 0 0 1 0 15.704 9 0 0 1 0 0 1 0 0 1 0 15.704 1
17 M4 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
18 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
19 M5 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
20 min 0 0 1 0 15.704 9 0 0 1 0 0 1 0 0 1 0 15.704 1
21 M6 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
22 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
23 M7 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
24 min 0 0 1 0 15.704 9 0 0 1 0 0 1 0 0 1 0 15.704 1
25 M8 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
26 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
27 M9 max 0 15.70412 -9.959 0 1 0 15.70412 0.18 15.704 9 0 15.70412 7.235 15.70411
28 min 0 0 1 -109.267 15.70410 0 0 1 -0.012 0 10 0 0 1 -119.191 0 10
29 M10 max 0 15.70412 -9.914 0 1 0 15.70412 0.179 15.704 9 0 15.70412 7.286 15.70411
30 min 0 0 1 -108.925 15.70410 0 0 1 -0.012 0 10 0 0 1 -118.692 0 10
31 M16 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
32 min 0 0 1 0 15.704 9 0 0 1 0 0 1 0 0 1 0 15.704 1
33 M17 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
34 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1
35 M18 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
36 min 0 0 1 0 15.704 9 0 0 1 0 0 1 0 0 1 0 15.704 1
37 M19 max 0 15.70412 32.591 0 3 0 15.70412 0 15.70412 0 15.70412 21.325 0 3
38 min 0 0 1 0 15.704 1 0 0 1 0 0 1 0 0 1 0 15.704 1

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 General Members
2 RIGID 2 12 0
3 General Walls Volume (yds^3)
4 gen-cf 2 0 0.01
5 Total General 4 12 0.01
6
7 Hot Rolled Steel
8 A1008_50 TMB-RAIL-L 3 66 0.005
9 A1011_50 HD BASE SECTION-N_HRA 2 31.4 0.006
10 A1011_50 LOZIER-SHLF-STD-BRK 10 157 0.01
11 Total HR Steel 15 254.4 0.021
12
13 Cold Formed Steel
14 A607 C1 Gr.55 UP-STD-LOZ 2 264 0.057
15 Total CF Steel 2 264 0.057
16
17 Plate Elements Thickness (in) Volume (yds^3)
18 STL 0 6 0 0.015
19 Total Plates 6 0 0.015
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Code Refrence

Seismic Code : ASCE 7-10

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

& RMI (AS IT APPLIES)

Dimension

Frame : B Max. Shelving Height : 96 in

Width : 30 in Levels : 5

Length : 50 in Shelf type : Battery

-

Site parameters (ASCE 7 section 11.4)

Site class D (Default)

Mapped acceleration parameters

at short periods Ss = 0.206 at 1 sec. period S1 = 0.106

Site coefficient at short periods Fa = 1.600 at 1 sec. period Fv = 2.376

Spectral response accelaration parameters (ASCE 7 section 11.4)

at short periods 0.071 0.050

Calc. SMS = 0.330 at 1 sec. period Calc. SM1 = 0.252

Design spectral acceleration parameters (ASCE 7 section 11.4)

at short periods SDS = 0.220 at 1 sec. period SD1 = 0.168

Seismic design category (ASCE 7 section 11.6)

Risk Category II

Seismic design category C

Approximate fundamental period (ASCE 7 section 12.8.2.1)

Height above base to highest level hn = 8.00 ft

Structure Type 4

Long-period transition TL = 12 Figs. 22-14 thru 22-17

Building period parameter Ct Ct = 0.020

Building period parameter x x = 0.75

Building fundamental period T = Ta = 0.095 sec.

Exponent related to structure period k = 1 since Ta ≤ 0.50 sec

Seismic response coefficient (ASCE 7 section 15.5 & RMI 2.6.3)

Response modification factor (Transverse) R = 4

Response modification factor (Longitudinal) R = 6

Seismic importance factor Ie = 1.5 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

Redundancy factor ρ = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

Cd = 3.5

SEISMIC DESIGN FRAME B 30''B x 50''L x 96''H Battery

SEISMIC FORCES
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Operating Weight (RMI 2.1 & ASCE 7 section 15.5)

Loads

DL : 5 psf

Height/LVL
Input Shelf 

Load (PL)
Calculated

(in) (lbs.) (lbs.)

5 28 500 500

4 16 500 500

3 16 500 500

2 16 500 500

1 10 500 500

Total PL : 2,500

DL =  5 PSF x 2.5 FT x 4.17 FT x 5 SHELVES = 260.42 lbs

PL app = 2,500 LBS x 0.67 = 1,675.00 lbs

PL (top shelf) = 500.00 lbs

Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

67%PL (every shelf loaded 67% of its rated load)(PL app)

100%PL (top shelf only loaded 100% of its rated load)

VBASE = Cs  Ws

Seismic base shear (ASCE 7 section 12.8)

Transverse Longitudinal

Seismic response coefficient Cs = 0.082 0.055

Seismic response coefficient max. Cs, MAX = 0.662 0.441

Seismic response coefficient min. Cs, MIN = 0.015 0.015

Seismic response coefficient (Governs) Cs = 0.082 0.055

LOAD COMBINATION ASD (RMI 2.1)

WLC Ws E (factor)
VBASE 

Transverse

VBASE 

Longitudinal

DL+0.67PL+0.75(0.7ρE) 1,935.42 1,935.42 0.525 84 56

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 2,144.30 1,935.42 0.525 84 56

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 1,809.76 1,935.42 0.700 112 74 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 1,101.71 1,935.42 0.700 112 74

Seismic base shear VBASE MAX. CONTROL 112 74

Ws CONTROL= 1,809.76 LBS

Anchors in accordance with ACI318 Sec.17 Ωο  = 2.0

Transverse Longitudinal

VBASE 67%PL  = 112 74 lbs

VBASE 100%PL TOP x 0.7ρ= 44 30 lbs

LEVEL

(ACI318 Sec.17; ASCE7 Table 15.4-1)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

0.00 0.00 0.00 0.00 0.00 0.00

5 361.95 7.17 2593.99 0.39 43.25 28.83

4 361.95 4.83 1749.44 0.26 29.17 19.44

3 361.95 3.50 1266.83 0.19 21.12 14.08

2 361.95 2.17 784.23 0.12 13.07 8.72

1 361.95 0.83 301.63 0.05 5.03 3.35

Σ 1809.76 Σ 6696.12 Base : 111.63 74.42

PSTATIC = 904.88 lbs per post COMP.MAX = 1380 lbs per post

VBASE 67%PL (Transverse): 112 lbs Σ (FX * h) (Transverse) : 6,688 lbs-in

VBASE 67%PL (Longitudinal): 74 lbs Σ (FX * h) (Longitudinal) : 4,459 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION - FRAME B (CONTINUED)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

3 52.08 3.50 182.29 0.04 1.76 1.20

2 52.08 2.17 112.85 0.02 1.09 0.74

1 52.08 0.83 43.40 0.01 0.42 0.29

Σ 760.42 Σ 4546.88 Base : 44.00 30.00

VBASE 100%PL TOP (Transverse): 44 LBS Σ (FX * h) (Transverse) : 3,541 lbs-in

VBASE 100%PL TOP (Longitudinal): 30 LBS Σ (FX * h) (Longitudinal) : 2,414 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION TOP SHELF LOADED - FRAME B (CONTINUED)
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SECTION PROPERTIES:

MAX L : 50 in

Size : 3.25"x16ga

H : 3.25 IN

t : 16 GA Fy : 45,000 PSI

Area : 0.413 IN
2

E : 29,500 KSI

Ix : 0.572 IN
4

Iy : 0.116 IN
4

Sx : 0.318 IN
3

Sy : 0.096 IN
3

rx : 1.176 IN ry : 0.529 IN

MAX ALLOWABLE LOAD - BENDING: (AISI Sec. C3.1.3)

Mn (MAX) = 0.6 * Sx * Fy = 8586 LBS-IN

CAPACITY = 2( 8 * M / L) = 2747.52 LBS

MAX ALLOWABLE LOAD - DEFLECTION (L/180): (RMI Sec. 5.3) BEAM SECTION

ALLOW DEFLECTION = 5 wL^4 / 384 E I

CAPACITY = 2 [(384 E I) / (5*180*L^2) ] = 5759.66 LBS

MAXIMUM STATIC ALLOWABLE LOAD PER LEVEL= 2747.52 LBS 

ALLOWABLE AND ACTUAL BENDING MOMENT PER LEVEL (RMI Sec.2.1.5 & 2.3)

MAX BENDING MOMENT

Wstatic = (DL + LL + 0.88PL) / 50'' = 9.84 LBS/IN

MSTATIC (DL + LL + 0.88PL) = WSTATIC L
2  

 / 8 = 3075.52 LBS-IN

PVERTICAL IMPACT = Wstatic x 25% = 29.53 LBS

MVERTICAL IMPACT = PVERTICAL IMPACT x L / 4 = 369.06 LBS-IN

MSTATIC+IMPACT = 3444.58 LBS-IN

ALLOWABLE BENDING MOMENT

MALLOW(STATIC) = 17172.00 LBS-IN

MSTATIC+IMPACT < MALLOW(STATIC) OK

BEAM DESIGN FOR FRAME B
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SECTION PROPERTIES MAX HT = 96 IN

SIZE = 1.625x1.75x14ga Fy = 45 ksi

t = 14 GA E = 29500 ksi

AREA = 0.372 in
2

Iy = 0.133 in
4

Ix = 0.202 in
4

Sy = 0.151 in
3

Sx = 0.231 in
3

ry = 0.597 in

rx = 0.738 in Ωc= 1.80

Cmx= 1.00 Ωb= 1.67

Unbrace Lx-x = 25 in Kx = 1.7

Unbrace Ly-y = 30 in Ky = 1.0

δSE = 0.04 IN

δX = 0.09 IN < 5% Structural Height  OK

Pstatic = 951 lbs

kLx (1.7)(24.75) kLy (1)(30)

rx 0.738in ry 0.597in

π2
 * E π2

 * E

(Klx/rx)
2

(Kly/ry)
2

λc = (Fy / Fax)
1/2 = 0.71 <1.5 λc = (Fy / Fay)

1/2 = 0.62 <1.5

= 36467 psi = 38218 psi

Pn = AREA * Fn = 13566 lbs Pn = AREA * Fn = 14217 lbs

PEX = (π2
EIX) / (KXLX)

2
= 33222 lbs PEY = (π2

EIY) / (KYLY)
2

= 43026 lbs

αx = 1 − (ΩcPx/Pex) = 0.95 αy = 1 − (ΩcPx/Pey) = 0.96

MAX MOMENT IN COLUMN

Mx = MSTATIC + MSEISMIC = 0.01 lbs-ft Mnx = Sx * Fy = 866.25 lbs-ft

My = MSTATIC + MSEISMIC = 58.32 lbs-ft Mny = Sy * Fy = 566.25 lbs-ft

COMBINED STRESS (fa/Fa + fb/Fb)

RISA3D Lateral Load X-Direction
(ΩcPx/Pn) + (ΩbCmxMx/Mnαx1) + (ΩbCmyMy/Mnyαy1) = 0.31 < 1.0 THEREFORE UPRITE IS OK

= = 115300 psiFay 

WS STD UPRITE DESIGN FOR FRAME - B

COLUMN SECTION

= = 57.01 = = 50.25

Fax = = 89575 PSI

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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SECTION PROPERTIES:

PMEMBER = 180 LBS - WORST CASE

HORIZONTAL BRACINGS:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 30 IN

(0.8)(30IN)

0.453IN

< 200 OK

101970 PSI

= 0.015 < 1.0 OK

DIAGONAL BRACING:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 30 IN

l = 38 IN

THE LENGTH OF THE BRACE:

L = (d
2
+ l

2
)
0.5

 = 4.03 FT

L = 48.41 IN

VDIAG = VBASE * (LENGTH OF THE BRACE/ DEPTH)

= 290 LBS

(1)(48.41IN)

0.453IN

< 200 OK

25057 PSI

= 0.101 < 1.0 OK

= 106.88

TRANSVERSE BRACING - FRAME B

= 52.98
  klx  

rx
=

Fa = 
 �2E 

 �kl/r)2 
=

  klx  

rx
=

  klx  

rx

  klx  

rx

Fa = 
 �2E 

 �kl/r)2 

fa
 Fa 

=         
VBASE

  AREA x Fa  

fa
 Fa 

=         
VDIAG

  AREA x Fa  
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CAPACITY OF CONNECTOR:

BEAM LOCKING DEVICE (TWO CLIPS) (RMI 7.1.2)

AREA = 7/16 * 0.03 *2 = 0.026 IN
2

Fy = 50000 PSI

Fv = 2 * 0.4 * A * Fy

VMAX = 1050 LBS >1000 LBS OK

BEAM TO BRACKET WELD CAPACITY

1/8" * 14.84 KSI = 1855 LBS/IN <--- CONTROLS

0.061" * 26 KSI * 1.33 = 2109 LBS/IN

LWELD = 3 IN

CAPACITY = 5565 LBS 

a) SHEAR CAPACITY OF 1/2" TAB

AREA = 0.105" * 1/2" = 0.053 IN
2

Fy = 50000 PSI

Fv = 0.4 * A * Fy

VMAX = 1050 LBS

b) BEARING ON COLUMN

D = 0.420 IN

t = 0.072 IN

BEARING AREA = t * D = 0.030 IN
2

Fy = 50000 PSI

PMAX BEARING = BRG AREA * 1.2 * Fy = 1814 LBS

SINCE SHEAR GOVERNS  P1 = 1050 LBS

M CONN CAPACITY = (P1 * 2") = 2100 LBS-IN

M CONN SEISMIC = 1.33 * M CONN CAPACITY = 2793 LBS-IN

FROM MODEL RISA MMAX BEAM = 1,382 LBS-IN

FROM MODEL RISA MMAX BEAM 25% = 345 LBS-IN < M CONN SEISMIC

OK

BEAM TO COLUMN CONNX - FRAME B

BEAM TO COLUMN CONNECTION PROVIDE ADEQUATE MOMENT CAPACITY TO STABLIZE THIS SYSTEM, ALTHOGH IT

DOES NOT PROVIDE 100% FIXITY. THUS, THE BEAMS WILL BE ANALYSED ASSUMING THEY HAVE PINNED ENDS. FOR

THE COMPUTATION OF BEAM TO COL. MOMENT CAPACITY, THE PARTIAL FIXITY OF THE BEAM,(ASSUMED AT AN

ARBITRARY 25% OF THE FIXED END MOMENT OR 2000 IN-LB WHICH EVER IS SMALLER) WILL BE ADDED
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame B - (30"Bx50"Lx96"H) - Battery Rack

Nodes Layout

SK-2

Aug 28, 2026 at 03:36 PM

AAP_B0 -30x50x96 -5Lvls - 2Bays - WS.r3d
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Node Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction
3 N7 Reaction Reaction Reaction
4 N19 Reaction Reaction Reaction
5 N37 Reaction Reaction Reaction
6 N40 Reaction Reaction Reaction

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Ry Fu [ksi] Rt

1 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
2 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
3 A992 29000 11154 0.3 0.65 0.49 50 1.1 65 1.1
4 A500 Gr.42 29000 11154 0.3 0.65 0.49 42 1.4 58 1.3
5 A500 Gr.46 29000 11154 0.3 0.65 0.49 46 1.4 58 1.3
6 45 29000 11154 0.3 0.65 0.49 45 1.5 58 1.2

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 BM WS BEAM SECTION 16GA (0.061")CA Beam Channel A36 Gr.36 Typical 0.439 0.128 0.621 0.000533

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A570 Gr.33 29500 11346 0.3 0.65 0.49 33 52
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70
3 A653 SS Gr33 29500 11346 0.3 0.65 0.49 33 45
4 A653 SS Gr50/1 29500 11346 0.3 0.65 0.49 50 65
5 Gr45 29500 11346 0.3 0.65 0.49 45 57

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 WS-UP -WS-COL1.625X1.75X14GA Column CS Gr45 Typical 0.372 0.133 0.202 0.000657
2 WS-BM -WS-BM3.25X16GA Beam CS Gr45 Typical 0.413 0.116 0.572 0.001
3 WS-BRC -WS-BRC-1.34X0.75X20GA HBrace None Gr45 Typical 0.115 0.01 0.024 0.055

Basic Load Cases

BLC Description Category Nodal Distributed Area(Member)

1 DL DL 10
2 PLL LL 10
3 ELZ ELZ 40
4 ELX ELX 40
5 BLC 1 Transient Area Loads None 20
6 BLC 2 Transient Area Loads None 20

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
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Load Combinations (Continued)

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.021 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.02 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.021 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.02 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N64 L Z 15.445
2 N67 L Z 15.445
3 N65 L Z 15.445
4 N65 L Z 15.445
5 N66 L Z 15.445
6 N66 L Z 15.445
7 N69 L Z 15.445
8 N68 L Z 15.445
9 N63 L Z 10.416
10 N62 L Z 10.416
11 N60 L Z 10.416
12 N60 L Z 10.416
13 N59 L Z 10.416
14 N59 L Z 10.416
15 N61 L Z 10.416
16 N58 L Z 10.416
17 N55 L Z 7.543
18 N55 L Z 7.543
19 N15 L Z 7.543
20 N15 L Z 7.543
21 N56 L Z 7.543
22 N27 L Z 7.543
23 N48 L Z 7.543
24 N57 L Z 7.543
25 N36 L Z 4.669
26 N36 L Z 4.669
27 N34 L Z 4.669
28 N34 L Z 4.669
29 N35 L Z 4.669
30 N33 L Z 4.669
31 N54 L Z 4.669
32 N53 L Z 4.669
33 N3 L Z 1.796
34 N31 L Z 1.796
35 N52 L Z 1.796
36 N4 L Z 1.796
37 N32 L Z 1.796
38 N32 L Z 1.796
39 N38 L Z 1.796
40 N4 L Z 1.796
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Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N64 L X 10.297
2 N67 L X 10.297
3 N65 L X 10.297
4 N65 L X 10.297
5 N66 L X 10.297
6 N66 L X 10.297
7 N69 L X 10.297
8 N68 L X 10.297
9 N63 L X 6.944
10 N62 L X 6.944
11 N60 L X 6.944
12 N60 L X 6.944
13 N59 L X 6.944
14 N59 L X 6.944
15 N61 L X 6.944
16 N58 L X 6.944
17 N55 L X 5.029
18 N55 L X 5.029
19 N15 L X 5.029
20 N15 L X 5.029
21 N56 L X 5.029
22 N27 L X 5.029
23 N48 L X 5.029
24 N57 L X 5.029
25 N36 L X 3.113
26 N36 L X 3.113
27 N34 L X 3.113
28 N34 L X 3.113
29 N35 L X 3.113
30 N33 L X 3.113
31 N54 L X 3.113
32 N53 L X 3.113
33 N3 L X 1.197
34 N31 L X 1.197
35 N52 L X 1.197
36 N4 L X 1.197
37 N32 L X 1.197
38 N32 L X 1.197
39 N38 L X 1.197
40 N4 L X 1.197

Member Area Loads (BLC 1 : DL)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N3 N31 N32 N4 Y A-B -5 -5 -5 -5 Yes
2 N4 N32 N52 N38 Y A-B -5 -5 -5 -5 Yes
3 N33 N35 N36 N34 Y A-B -5 -5 -5 -5 Yes
4 N34 N36 N54 N53 Y A-B -5 -5 -5 -5 Yes
5 N27 N56 N55 N15 Y A-B -5 -5 -5 -5 Yes
6 N15 N55 N57 N48 Y A-B -5 -5 -5 -5 Yes
7 N58 N61 N60 N59 Y A-B -5 -5 -5 -5 Yes
8 N59 N60 N63 N62 Y A-B -5 -5 -5 -5 Yes
9 N64 N67 N66 N65 Y A-B -5 -5 -5 -5 Yes
10 N65 N66 N69 N68 Y A-B -5 -5 -5 -5 Yes

Member Area Loads (BLC 2 : PLL)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N3 N31 N32 N4 Y A-B -48 -48 -48 -48 Yes
2 N4 N32 N52 N38 Y A-B -48 -48 -48 -48 Yes
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Member Area Loads (BLC 2 : PLL) (Continued)

Node A Node B Node C Node D DirectionLoad Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

3 N33 N35 N36 N34 Y A-B -48 -48 -48 -48 Yes
4 N34 N36 N54 N53 Y A-B -48 -48 -48 -48 Yes
5 N27 N56 N55 N15 Y A-B -48 -48 -48 -48 Yes
6 N15 N55 N57 N48 Y A-B -48 -48 -48 -48 Yes
7 N58 N61 N60 N59 Y A-B -48 -48 -48 -48 Yes
8 N59 N60 N63 N62 Y A-B -48 -48 -48 -48 Yes
9 N64 N67 N66 N65 Y A-B -48 -48 -48 -48 Yes
10 N65 N66 N69 N68 Y A-B -48 -48 -48 -48 Yes

Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 24.961 3 652.184 3 0.244 3 0 12 0 12 0 12
2 min -11.855 9 61.527 1 -49.5 12 0 1 0 1 0 1
3 N2 max -0.001 1 1480.553 3 -0.085 1 0 12 0 12 0 12
4 min -30.552 8 139.675 1 -67.551 11 0 1 0 1 0 1
5 N7 max -0.002 1 1485.281 3 -0.001 1 0 12 0 12 0 12
6 min -32.777 8 140.121 1 -22.315 11 0 1 0 1 0 1
7 N19 max 40.42 3 649.821 3 0.213 3 0 12 0 12 0 12
8 min -4.783 9 61.304 1 -17.316 12 0 1 0 1 0 1
9 N37 max -2.354 1 652.007 3 0.244 3 0 12 0 12 0 12
10 min -38.177 8 61.51 1 -49.502 12 0 1 0 1 0 1
11 N40 max -3.811 1 649.642 3 0.213 3 0 12 0 12 0 12
12 min -47.407 8 61.287 1 -17.316 12 0 1 0 1 0 1
13 Totals: max 0 3 5569.488 3 0 1
14 min -148.848 9 525.423 1 -223.266 11

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max652.184 12 3 11.871 14 9 25.781 41 11 0.072 14 11 30.243 42 11 46.485 90 3
2 min 0 91 1 -58.238 46 3 -71.234 42 12 -0.103 46 12 -49.5 12 12 -38.412 46 3
3 M2 max1480.553 12 3 35.146 30 8 35.458 41 11 0.031 48 9 43.128 42 11 19.533 15 8
4 min 0 91 1 0 91 1 -100.551 42 11 -0.027 12 8 -67.551 12 11 -35.518 14 8
5 M3 max -3.071 50.004 1 129.659 0 3 0.008 50.004 9 0 50.004 3 0.069 0 11 108.523 50.004 3
6 min -32.547 0 3 -148.857 50.004 3 -0.684 0 11 -0.006 0 12 -2.781 50.00411 -57.232 23.439 3
7 M4 max1485.281 9 3 0 96 12 117.868 18 11 0.027 12 8 58.323 18 11 24.582 9 8
8 min 0 87 1 -33.613 10 8 -30.801 42 11 -0.032 84 8 -20.93 78 12 -21.944 10 8
9 M5 max -0.193 30 1 0.371 30 3 0 30 12 0 30 3 0.027 0 8 22.779 30 12
10 min -96.97 0 11 -17.202 0 12 -0.02 0 8 -0.129 0 9 -0.025 30 8 -20.226 0 12
11 M6 max179.58838.41911 6.765 19.20911 0 38.41912 0.06 38.419 8 0 38.419 1 12.207 0 11
12 min 0.404 19.61 1 0.016 19.61 1 -0.011 0 9 0 19.61 1 -0.069 38.419 8 -9.451 38.41911
13 M7 max -0.21 30 1 3.986 30 12 0 30 12 0.098 30 8 0.018 0 9 2.469 0 12
14 min -38.951 0 11 -0.136 0 3 -0.019 0 9 0 0 1 -0.03 30 8 -7.496 30 12
15 M8 max 1.244 38.419 3 0.043 38.419 3 0 38.41912 0.004 38.419 8 0.007 0 9 6.777 38.41912
16 min -72.782 0 12 -4.342 0 12 -0.004 0 9 0 0 1 -0.007 38.419 9 -7.125 0 12
17 M9 max 31.207 30 12 4.299 30 11 0 30 12 0 30 1 0.032 0 8 7.081 0 11
18 min -0.311 0 3 0.025 0 1 -0.019 0 8 -0.15 0 8 -0.015 30 8 -3.667 30 11
19 M10 max649.821 9 3 58.172 57 3 84.701 18 12 0.155 86 11 42.446 18 11 37.995 42 3
20 min 0 87 1 -4.783 0 9 -23.111 42 11 -0.059 10 11 -14.091 78 12 -46.424 86 3
21 M11 max 0.088 30 8 0.332 30 3 0.052 30 11 -0.008 30 1 0.059 30 11 16.953 30 12
22 min -69.19 0 12 -12.831 0 12 -0.016 0 9 -0.228 0 8 -0.072 0 11 -15.125 0 12
23 M12 max128.07538.41911 4.84 38.41911 0.038 38.41912 0.026 38.419 9 0.097 38.41911 8.82 0 12
24 min -0.115 0 9 -0.002 0 9 -0.012 0 8 -0.057 0 3 -0.045 38.419 9 -6.675 38.41911
25 M13 max -0.045 30 1 2.692 30 12 0.068 30 12 -0.024 30 1 0.104 30 12 1.584 0 12
26 min -28.963 0 11 -0.096 0 3 -0.022 0 8 -0.258 0 3 -0.065 0 12 -5.147 30 12
27 M14 max 0.93 38.419 3 0.049 38.419 3 0.02 38.41912 0.037 38.419 3 0.015 38.41912 4.691 38.41912
28 min -48.65 0 12 -3.012 0 12 -0.009 0 8 0.003 0 1 -0.053 0 11 -4.952 0 12
29 M15 max 21.109 30 12 2.849 30 11 0.09 30 11 0.467 30 3 0.071 30 11 4.749 0 11
30 min -0.318 0 3 0.009 0 1 -0.017 0 9 0.044 0 1 -0.154 0 11 -2.374 30 11
31 M16 max -1.416 50.004 1 148.218 0 3 0.006 50.004 9 0 50.004 1 2.227 0 11 107.991 0 3
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

32 min -15.01 0 3 -130.299 50.004 3 -0.549 0 11 -0.011 0 11 -0.059 50.00411 -56.349 26.565 3
33 M17 max 1.582 50.004 8 132.349 0 3 0.046 50.004 3 0.001 50.004 3 0.192 50.004 3 103.783 50.004 3
34 min 0.065 0 1 -146.153 50.004 3 -0.833 0 12 -0.001 0 12 -3.457 50.00412 -56.009 23.96 3
35 M18 max -0.101 50.004 1 146.547 0 3 0.013 50.004 3 0.001 50.004 3 4.54 0 12 104.636 0 3
36 min -1.067 0 3 -131.955 50.004 3 -1.096 0 12 -0.003 0 12 -0.057 0 3 -56.013 26.565 3
37 M19 max652.007 12 3 58.21 48 3 25.781 41 11 0.103 48 12 30.244 42 11 38.393 46 3
38 min 0 91 1 0 91 1 -71.237 42 12 -0.072 12 11 -49.502 12 12 -46.459 90 3
39 M20 max -3.069 49.992 1 148.826 0 3 0.684 49.99211 0.006 49.99212 0.069 49.99211 108.488 0 3
40 min -32.531 0 3 -129.623 49.992 3 0 0 1 0 0 3 -2.781 0 11 -57.198 26.558 3
41 M21 max649.642 9 3 0 96 12 84.704 18 12 0.059 12 11 42.447 18 11 46.398 86 3
42 min 0 87 1 -58.144 48 3 -23.112 42 11 -0.155 84 11 -14.092 78 12 -37.976 42 3
43 M22 max 0.012 30 3 0.332 30 3 -0.001 30 1 0.085 30 3 0.072 0 11 16.953 30 12
44 min -69.192 0 12 -12.832 0 12 -0.052 0 11 -0.138 0 9 -0.059 30 11 -15.126 0 12
45 M23 max 128.08 38.41911 4.84 38.41911 0.002 38.419 3 0.086 38.419 8 0.034 0 12 8.821 0 12
46 min 0.011 0 1 0.001 0 1 -0.038 0 12 0.005 0 12 -0.097 38.41911 -6.675 38.41911
47 M24 max -0.045 30 1 2.692 30 12 0.004 30 3 0.258 30 3 0.065 0 12 1.584 0 12
48 min -28.964 0 11 -0.096 0 3 -0.068 0 12 0.024 0 1 -0.104 30 12 -5.147 30 12
49 M25 max 0.93 38.419 3 0.049 38.419 3 0.007 38.419 3 -0.003 38.419 1 0.053 0 11 4.691 38.41912
50 min -48.651 0 12 -3.012 0 12 -0.02 0 12 -0.037 0 3 -0.015 38.41912 -4.952 0 12
51 M26 max 21.11 30 12 2.849 30 11 0 30 1 -0.044 30 1 0.154 0 11 4.749 0 11
52 min -0.318 0 3 0.009 0 1 -0.09 0 11 -0.467 0 3 -0.071 30 11 -2.374 30 11
53 M27 max -1.415 49.992 1 130.263 0 3 0.549 49.99211 0.011 49.99211 2.227 49.99211 107.954 49.992 3
54 min -15.002 0 3 -148.187 49.992 3 0.001 0 1 0 0 1 -0.059 0 11 -56.316 23.434 3
55 M28 max 0.688 49.992 3 146.121 0 3 0.834 49.99212 0.001 49.99212 0.192 0 3 103.745 0 3
56 min -0.854 0 9 -132.314 49.992 3 -0.046 0 3 -0.001 0 3 -3.457 0 12 -55.977 26.037 3
57 M29 max -0.101 49.992 1 131.92 0 3 1.097 49.99212 0.003 49.99212 4.54 49.99212 104.599 49.992 3
58 min -1.067 0 3 -146.515 49.992 3 -0.013 0 3 -0.001 0 3 -0.057 49.992 3 -55.981 23.434 3
59 M30 max -0.134 50.004 1 133.196 0 3 0.086 50.004 3 0 50.004 3 0.345 50.004 3 101.814 50.004 3
60 min -1.746 0 8 -145.306 50.004 3 -1.092 0 12 -0.006 0 12 -4.395 50.00412 -56.141 23.96 3
61 M31 max -0.158 50.004 1 145.674 0 3 0.067 50.004 3 0.001 50.00411 4.718 0 12 102.624 0 3
62 min -1.91 0 7 -132.828 50.004 3 -1.142 0 12 0 0 1 -0.278 0 3 -56.128 26.044 3
63 M32 max 0.253 49.992 9 145.274 0 3 1.092 49.99212 0.006 49.99212 0.345 0 3 101.777 0 3
64 min -1.415 0 3 -133.161 49.992 3 -0.086 0 3 0 0 3 -4.395 0 12 -56.109 26.037 3
65 M33 max 0.142 49.992 9 132.793 0 3 1.142 49.99212 0 49.992 1 4.718 49.99212 102.587 49.992 3
66 min -1.676 0 3 -145.642 49.992 3 -0.067 0 3 -0.001 0 11 -0.278 49.992 3 -56.096 23.954 3
67 M34 max 22.424 50.004 3 133.213 0 3 0.075 50.004 3 0 50.004 1 0.309 50.004 3 101.238 50.004 3
68 min 2.115 0 1 -145.303 50.004 3 -1.406 0 12 -0.003 0 11 -5.809 50.00412 -56.702 23.96 3
69 M35 max 23.053 50.004 3 145.664 0 3 0.085 50.004 3 0 50.004 1 4.636 0 12 102.036 0 3
70 min 2.175 0 1 -132.853 50.004 3 -1.121 0 12 -0.001 0 11 -0.35 0 3 -56.686 26.044 3
71 M36 max 22.414 49.992 3 145.271 0 3 1.406 49.99212 0.003 49.99211 0.309 0 3 101.2 0 3
72 min 2.115 0 1 -133.179 49.992 3 -0.075 0 3 0 0 1 -5.809 0 12 -56.669 26.037 3
73 M37 max 23.043 49.992 3 132.819 0 3 1.122 49.99212 0.001 49.99211 4.636 49.99212 101.998 49.992 3
74 min 2.174 0 1 -145.631 49.992 3 -0.085 0 3 0 0 1 -0.35 49.992 3 -56.653 23.954 3
75 M38 max 35.807 50.004 3 122.89 0 3 0.046 50.004 3 0 50.004 1 0.192 50.004 3 114.661 50.004 3
76 min 3.378 0 1 -155.612 50.004 3 -1.513 0 12 -0.001 0 11 -6.25 50.00412 -66.486 21.877 3
77 M39 max 35.123 50.004 3 155.739 0 3 0.048 50.004 3 0 50.004 1 6.363 0 12 115.141 0 3
78 min 3.313 0 1 -122.763 50.004 3 -1.564 0 12 -0.006 0 11 -0.204 0 3 -66.304 28.127 3
79 M40 max 35.789 49.992 3 155.583 0 3 1.514 49.99212 0.001 49.99211 0.192 0 3 114.637 0 3
80 min 3.376 0 1 -122.852 49.992 3 -0.046 0 3 0 0 1 -6.25 0 12 -66.443 28.12 3
81 M41 max 35.105 49.992 3 122.725 0 3 1.564 49.99212 0.006 49.99211 6.363 49.99212 115.118 49.992 3
82 min 3.312 0 1 -155.71 49.992 3 -0.048 0 3 0 0 1 -0.204 49.992 3 -66.26 21.871 3

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 Cold Formed Steel
2 Gr45 -WS-BM3.25X16GA 20 1000 0.117
3 Gr45 -WS-BRC-1.34X0.75X20GA 15 500.5 0.016
4 Gr45 -WS-COL1.625X1.75X14GA 6 576 0.061
5 Total CF Steel 41 2076.5 0.194
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CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



Code Refrence

Seismic Code : ASCE 7-10

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

& RMI (AS IT APPLIES)

Dimension

Frame : C Max. Shelving Height : 96 in

Width : 30 in Levels : 5

Length : 50 in Shelf type : Oil Rack

-

Site parameters (ASCE 7 section 11.4)

Site class D (Default)

Mapped acceleration parameters

at short periods Ss = 0.206 at 1 sec. period S1 = 0.106

Site coefficient at short periods Fa = 1.600 at 1 sec. period Fv = 2.376

Spectral response accelaration parameters (ASCE 7 section 11.4)

at short periods 0.071 0.050

Calc. SMS = 0.330 at 1 sec. period Calc. SM1 = 0.252

Design spectral acceleration parameters (ASCE 7 section 11.4)

at short periods SDS = 0.220 at 1 sec. period SD1 = 0.168

Seismic design category (ASCE 7 section 11.6)

Risk Category II

Seismic design category C

Approximate fundamental period (ASCE 7 section 12.8.2.1)

Height above base to highest level hn = 8.00 ft

Structure Type 4

Long-period transition TL = 12 Figs. 22-14 thru 22-17

Building period parameter Ct Ct = 0.020

Building period parameter x x = 0.75

Building fundamental period T = Ta = 0.095 sec.

Exponent related to structure period k = 1 since Ta ≤ 0.50 sec

Seismic response coefficient (ASCE 7 section 15.5 & RMI 2.6.3)

Response modification factor (Transverse) R = 4

Response modification factor (Longitudinal) R = 6

Seismic importance factor Ie = 1.5 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

Redundancy factor ρ = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

Cd = 3.5

SEISMIC DESIGN FRAME C 30''B x 50''L x 96''H Oil Rack

SEISMIC FORCES

Page 61 of 155

 

JOB:  DATE:  

 

BY:  CHD:  

    

 

 

JPH & CLARK, INC.
CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



Operating Weight (RMI 2.1 & ASCE 7 section 15.5)

Loads

DL : 5 psf

Height/LVL
Input Shelf 

Load (PL)
Calculated

(in) (lbs.) (lbs.)

5 28 680 680

4 16 680 680

3 16 680 680

2 16 680 680

1 10 680 680

Total PL : 3,400

DL =  5 PSF x 2.5 FT x 4.17 FT x 5 SHELVES = 260.42 lbs

PL app = 3,400 LBS x 0.67 = 2,278.00 lbs

PL (top shelf) = 680.00 lbs

Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

67%PL (every shelf loaded 67% of its rated load)(PL app)

100%PL (top shelf only loaded 100% of its rated load)

VBASE = Cs  Ws

Seismic base shear (ASCE 7 section 12.8)

Transverse Longitudinal

Seismic response coefficient Cs = 0.082 0.055

Seismic response coefficient max. Cs, MAX = 0.662 0.441

Seismic response coefficient min. Cs, MIN = 0.015 0.015

Seismic response coefficient (Governs) Cs = 0.082 0.055

LOAD COMBINATION ASD (RMI 2.1)

WLC Ws E (factor)
VBASE 

Transverse

VBASE 

Longitudinal

DL+0.67PL+0.75(0.7ρE) 2,538.42 2,538.42 0.525 110 73

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 2,820.34 2,538.42 0.525 110 73

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 2,364.64 2,538.42 0.700 146 98 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 1,444.96 2,538.42 0.700 146 98

Seismic base shear VBASE MAX. CONTROL 146 98

Ws CONTROL= 2,364.64 LBS

Anchors in accordance with ACI318 Sec.17 Ωο  = 2.0

Transverse Longitudinal

VBASE 67%PL  = 146 98 lbs

VBASE 100%PL TOP x 0.7ρ= 55 37 lbs

LEVEL

(ACI318 Sec.17; ASCE7 Table 15.4-1)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

0.00 0.00 0.00 0.00 0.00 0.00

5 472.93 7.17 3389.32 0.39 56.72 37.81

4 472.93 4.83 2285.82 0.26 38.25 25.50

3 472.93 3.50 1655.25 0.19 27.70 18.47

2 472.93 2.17 1024.68 0.12 17.15 11.43

1 472.93 0.83 394.11 0.05 6.60 4.40

Σ 2364.64 Σ 8749.18 Base : 146.42 97.61

PSTATIC = 1182.32 lbs per post COMP.MAX = 1830 lbs per post

VBASE 67%PL (Transverse): 146 lbs Σ (FX * h) (Transverse) : 8,772 lbs-in

VBASE 67%PL (Longitudinal): 98 lbs Σ (FX * h) (Longitudinal) : 5,848 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION - FRAME C (CONTINUED)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

5 732.08 7.17 5246.60 0.90 49.44 33.26

4 52.08 4.83 251.74 0.04 2.37 1.60

3 52.08 3.50 182.29 0.03 1.72 1.16

2 52.08 2.17 112.85 0.02 1.06 0.72

1 52.08 0.83 43.40 0.01 0.41 0.28

Σ 940.42 Σ 5836.88 Base : 55.00 37.00

VBASE 100%PL TOP (Transverse): 55 LBS Σ (FX * h) (Transverse) : 4,493 lbs-in

VBASE 100%PL TOP (Longitudinal): 37 LBS Σ (FX * h) (Longitudinal) : 3,023 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION TOP SHELF LOADED - FRAME C (CONTINUED)
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SECTION PROPERTIES:

MAX L : 50 in

Size : 3.25"x16ga

H : 3.25 IN

t : 16 GA Fy : 45,000 PSI

Area : 0.413 IN
2

E : 29,500 KSI

Ix : 0.572 IN
4

Iy : 0.116 IN
4

Sx : 0.318 IN
3

Sy : 0.096 IN
3

rx : 1.176 IN ry : 0.529 IN

MAX ALLOWABLE LOAD - BENDING: (AISI Sec. C3.1.3)

Mn (MAX) = 0.6 * Sx * Fy = 8586 LBS-IN

CAPACITY = 2( 8 * M / L) = 2747.52 LBS

MAX ALLOWABLE LOAD - DEFLECTION (L/180): (RMI Sec. 5.3) BEAM SECTION

ALLOW DEFLECTION = 5 wL^4 / 384 E I

CAPACITY = 2 [(384 E I) / (5*180*L^2) ] = 5759.66 LBS

MAXIMUM STATIC ALLOWABLE LOAD PER LEVEL= 2747.52 LBS 

ALLOWABLE AND ACTUAL BENDING MOMENT PER LEVEL (RMI Sec.2.1.5 & 2.3)

MAX BENDING MOMENT

Wstatic = (DL + LL + 0.88PL) / 50'' = 13.01 LBS/IN

MSTATIC (DL + LL + 0.88PL) = WSTATIC L
2  

 / 8 = 4065.52 LBS-IN

PVERTICAL IMPACT = Wstatic x 25% = 39.03 LBS

MVERTICAL IMPACT = PVERTICAL IMPACT x L / 4 = 487.86 LBS-IN

MSTATIC+IMPACT = 4553.38 LBS-IN

ALLOWABLE BENDING MOMENT

MALLOW(STATIC) = 17172.00 LBS-IN

MSTATIC+IMPACT < MALLOW(STATIC) OK

BEAM DESIGN FOR FRAME C
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SECTION PROPERTIES MAX HT = 96 IN

SIZE = 1.625x1.75x14ga Fy = 45 ksi

t = 14 GA E = 29500 ksi

AREA = 0.372 in
2

Iy = 0.133 in
4

Ix = 0.202 in
4

Sy = 0.151 in
3

Sx = 0.231 in
3

ry = 0.597 in

rx = 0.738 in Ωc= 1.80

Cmx= 1.00 Ωb= 1.67

Unbrace Lx-x = 25 in Kx = 1.7

Unbrace Ly-y = 30 in Ky = 1.0

δSE = 0.04 IN

δX = 0.09 IN < 5% Structural Height  OK

Pstatic = 1,243 lbs

kLx (1.7)(24.75) kLy (1)(30)

rx 0.738in ry 0.597in

π2
 * E π2

 * E

(Klx/rx)
2

(Kly/ry)
2

λc = (Fy / Fax)
1/2 = 0.71 <1.5 λc = (Fy / Fay)

1/2 = 0.62 <1.5

= 36467 psi = 38218 psi

Pn = AREA * Fn = 13566 lbs Pn = AREA * Fn = 14217 lbs

PEX = (π2
EIX) / (KXLX)

2
= 33222 lbs PEY = (π2

EIY) / (KYLY)
2

= 43026 lbs

αx = 1 − (ΩcPx/Pex) = 0.93 αy = 1 − (ΩcPx/Pey) = 0.95

MAX MOMENT IN COLUMN

Mx = MSTATIC + MSEISMIC = 0.01 lbs-ft Mnx = Sx * Fy = 866.25 lbs-ft

My = MSTATIC + MSEISMIC = 76.49 lbs-ft Mny = Sy * Fy = 566.25 lbs-ft

COMBINED STRESS (fa/Fa + fb/Fb)

RISA3D Lateral Load X-Direction
(ΩcPx/Pn) + (ΩbCmxMx/Mnαx1) + (ΩbCmyMy/Mnyαy1) = 0.40 < 1.0 THEREFORE UPRITE IS OK

Fay 

WS STD UPRITE DESIGN FOR FRAME - C

COLUMN SECTION

= = 57.01 = = 50.25

Fax = = 89575 PSI = = 115300 psi

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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SECTION PROPERTIES:

PMEMBER = 236 LBS - WORST CASE

HORIZONTAL BRACINGS:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 30 IN

(0.8)(30IN)

0.453IN

< 200 OK

101970 PSI

= 0.020 < 1.0 OK

DIAGONAL BRACING:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 30 IN

l = 38 IN

THE LENGTH OF THE BRACE:

L = (d
2
+ l

2
)
0.5

 = 4.03 FT

L = 48.41 IN

VDIAG = VBASE * (LENGTH OF THE BRACE/ DEPTH)

= 380 LBS

(1)(48.41IN)

0.453IN

< 200 OK

25057 PSI

= 0.132 < 1.0 OK

TRANSVERSE BRACING - FRAME C

= 52.98

= 106.88

  klx  
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CAPACITY OF CONNECTOR:

BEAM LOCKING DEVICE (TWO CLIPS) (RMI 7.1.2)

AREA = 7/16 * 0.03 *2 = 0.026 IN
2

Fy = 50000 PSI

Fv = 2 * 0.4 * A * Fy

VMAX = 1050 LBS >1000 LBS OK

BEAM TO BRACKET WELD CAPACITY

1/8" * 14.84 KSI = 1855 LBS/IN <--- CONTROLS

0.061" * 26 KSI * 1.33 = 2109 LBS/IN

LWELD = 3 IN

CAPACITY = 5565 LBS 

a) SHEAR CAPACITY OF 1/2" TAB

AREA = 0.105" * 1/2" = 0.053 IN
2

Fy = 50000 PSI

Fv = 0.4 * A * Fy

VMAX = 1050 LBS

b) BEARING ON COLUMN

D = 0.420 IN

t = 0.072 IN

BEARING AREA = t * D = 0.030 IN
2

Fy = 50000 PSI

PMAX BEARING = BRG AREA * 1.2 * Fy = 1814 LBS

SINCE SHEAR GOVERNS  P1 = 1050 LBS

M CONN CAPACITY = (P1 * 2") = 2100 LBS-IN

M CONN SEISMIC = 1.33 * M CONN CAPACITY = 2793 LBS-IN

FROM MODEL RISA MMAX BEAM = 1,832 LBS-IN

FROM MODEL RISA MMAX BEAM 25% = 458 LBS-IN < M CONN SEISMIC

OK

BEAM TO COLUMN CONNX - FRAME C

BEAM TO COLUMN CONNECTION PROVIDE ADEQUATE MOMENT CAPACITY TO STABLIZE THIS SYSTEM, ALTHOGH IT

DOES NOT PROVIDE 100% FIXITY. THUS, THE BEAMS WILL BE ANALYSED ASSUMING THEY HAVE PINNED ENDS. FOR

THE COMPUTATION OF BEAM TO COL. MOMENT CAPACITY, THE PARTIAL FIXITY OF THE BEAM,(ASSUMED AT AN

ARBITRARY 25% OF THE FIXED END MOMENT OR 2000 IN-LB WHICH EVER IS SMALLER) WILL BE ADDED
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame C - (30"Bx50"Lx96"H) - Oil Rack

Nodes Layout

SK-1

Aug 28, 2026 at 05:30 PM

C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS…
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame C - (30"Bx50"Lx96"H) - Oil Rack

Members Label

SK-2

Aug 28, 2026 at 05:32 PM

C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS…
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame C - (30"Bx50"Lx96"H) - Oil Rack

DL + LL

SK-3

Aug 28, 2026 at 05:33 PM

C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS…
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame C - (30"Bx50"Lx96"H) - Oil Rack

ELZ

SK-1

Aug 31, 2026 at 05:17 PM

C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS…
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame C - (30"Bx50"Lx96"H) - Oil Rack

ELX

SK-2

Aug 31, 2026 at 05:18 PM

C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS…
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:

JPH & CLARK, Inc
AA
26-460 Advanced Auto Parts
Frame C - (30"Bx50"Lx96"H) - Oil Rack

Checked By : KRC

8/31/2026
5:18:59 PM

RISA-3D Version 23 [ C - Oil Rack -30x50x96 -5Lvls - 2Bays - WS.… Page 1

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A570 Gr.33 29500 11346 0.3 0.65 0.49 33 52
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70
3 A653 SS Gr33 29500 11346 0.3 0.65 0.49 33 45
4 A653 SS Gr50/1 29500 11346 0.3 0.65 0.49 50 65
5 Gr45 29500 11346 0.3 0.65 0.49 45 57

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 WS-UP -WS-COL1.625X1.75X14GA Column CS Gr45 Typical 0.372 0.133 0.202 0.000657
2 WS-BM -WS-BM3.25X16GA Beam CS Gr45 Typical 0.413 0.116 0.572 0.001
3 WS-BRC -WS-BRC-1.34X0.75X20GA HBrace None Gr45 Typical 0.115 0.01 0.024 0.055

Basic Load Cases

BLC Description Category Nodal Distributed Area(Member)

1 DL DL 10
2 PLL LL 10
3 ELZ ELZ 40
4 ELX ELX 40
5 BLC 1 Transient Area Loads None 20
6 BLC 2 Transient Area Loads None 20

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.021 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.02 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.021 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.02 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.03 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N64 L Z 20.257
2 N67 L Z 20.257
3 N65 L Z 20.257
4 N65 L Z 20.257
5 N66 L Z 20.257
6 N66 L Z 20.257
7 N69 L Z 20.257
8 N68 L Z 20.257
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Node Loads and Enforced Displacements (BLC 3 : ELZ) (Continued)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

9 N63 L Z 13.662
10 N62 L Z 13.662
11 N60 L Z 13.662
12 N60 L Z 13.662
13 N59 L Z 13.662
14 N61 L Z 13.662
15 N58 L Z 13.662
16 N59 L Z 13.662
17 N48 L Z 9.893
18 N57 L Z 9.893
19 N15 L Z 9.893
20 N15 L Z 9.893
21 N55 L Z 9.893
22 N55 L Z 9.893
23 N56 L Z 9.893
24 N27 L Z 9.893
25 N34 L Z 6.124
26 N34 L Z 6.124
27 N36 L Z 6.124
28 N36 L Z 6.124
29 N35 L Z 6.124
30 N33 L Z 6.124
31 N53 L Z 6.124
32 N54 L Z 6.124
33 N3 L Z 2.355
34 N31 L Z 2.355
35 N4 L Z 2.355
36 N4 L Z 2.355
37 N32 L Z 2.355
38 N38 L Z 2.355
39 N52 L Z 2.355
40 N32 L Z 2.355

Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N64 L X 13.505
2 N67 L X 13.505
3 N65 L X 13.505
4 N65 L X 13.505
5 N66 L X 13.505
6 N66 L X 13.505
7 N69 L X 13.505
8 N68 L X 13.505
9 N63 L X 9.108
10 N62 L X 9.108
11 N60 L X 9.108
12 N60 L X 9.108
13 N59 L X 9.108
14 N61 L X 9.108
15 N58 L X 9.108
16 N59 L X 9.108
17 N48 L X 6.595
18 N57 L X 6.595
19 N15 L X 6.595
20 N15 L X 6.595
21 N55 L X 6.595
22 N55 L X 6.595
23 N56 L X 6.595
24 N27 L X 6.595
25 N34 L X 4.083
26 N34 L X 4.083
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Node Loads and Enforced Displacements (BLC 4 : ELX) (Continued)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

27 N36 L X 4.083
28 N36 L X 4.083
29 N35 L X 4.083
30 N33 L X 4.083
31 N53 L X 4.083
32 N54 L X 4.083
33 N3 L X 1.57
34 N31 L X 1.57
35 N4 L X 1.57
36 N4 L X 1.57
37 N32 L X 1.57
38 N38 L X 1.57
39 N52 L X 1.57
40 N32 L X 1.57

Member Distributed Loads (BLC 5 : BLC 1 Transient Area Loads)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M3 Y -6.306 -6.306 0 50.004
2 M16 Y -6.306 -6.306 4.441e-15 50.004
3 M20 Y -6.306 -6.306 9.77e-15 49.992
4 M27 Y -6.306 -6.306 1.865e-14 49.992
5 M17 Y -6.305 -6.305 0 50.004
6 M18 Y -6.305 -6.305 6.217e-15 50.004
7 M28 Y -6.305 -6.305 7.105e-15 49.992
8 M29 Y -6.305 -6.305 1.421e-14 49.992
9 M30 Y -6.305 -6.305 0 50.004
10 M31 Y -6.305 -6.305 6.217e-15 50.004
11 M32 Y -6.305 -6.305 7.105e-15 49.992
12 M33 Y -6.305 -6.305 1.688e-14 49.992
13 M34 Y -6.306 -6.306 0 50.004
14 M35 Y -6.306 -6.306 8.882e-16 50.004
15 M36 Y -6.306 -6.306 9.77e-15 49.992
16 M37 Y -6.306 -6.306 1.51e-14 49.992
17 M38 Y -6.305 -6.305 0 50.004
18 M39 Y -6.305 -6.305 4.441e-15 50.004
19 M40 Y -6.305 -6.305 5.329e-15 49.992
20 M41 Y -6.305 -6.305 1.421e-14 49.992

Member Distributed Loads (BLC 6 : BLC 2 Transient Area Loads)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M33 Y -82.321 -82.321 1.688e-14 49.992
2 M34 Y -82.325 -82.325 0 50.004
3 M35 Y -82.325 -82.325 8.882e-16 50.004
4 M36 Y -82.325 -82.325 9.77e-15 49.992
5 M37 Y -82.325 -82.325 1.51e-14 49.992
6 M38 Y -82.321 -82.321 0 50.004
7 M39 Y -82.321 -82.321 4.441e-15 50.004
8 M40 Y -82.321 -82.321 5.329e-15 49.992
9 M41 Y -82.321 -82.321 1.421e-14 49.992
10 M3 Y -82.325 -82.325 0 50.004
11 M16 Y -82.325 -82.325 4.441e-15 50.004
12 M20 Y -82.325 -82.325 9.77e-15 49.992
13 M27 Y -82.325 -82.325 1.865e-14 49.992
14 M17 Y -82.321 -82.321 0 50.004
15 M18 Y -82.321 -82.321 6.217e-15 50.004
16 M28 Y -82.321 -82.321 7.105e-15 49.992
17 M29 Y -82.321 -82.321 1.421e-14 49.992
18 M30 Y -82.321 -82.321 0 50.004
19 M31 Y -82.321 -82.321 6.217e-15 50.004
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Member Distributed Loads (BLC 6 : BLC 2 Transient Area Loads) (Continued)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

20 M32 Y -82.321 -82.321 7.105e-15 49.992

Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 33.099 3 864.821 3 0.324 3 0 12 0 12 0 12
2 min -15.548 9 61.527 1 -64.923 12 0 1 0 1 0 1
3 N2 max -0.001 1 1963.269 3 -0.085 1 0 12 0 12 0 12
4 min -40.07 8 139.675 1 -88.595 11 0 1 0 1 0 1
5 N7 max -0.002 1 1969.539 3 -0.001 1 0 12 0 12 0 12
6 min -42.988 8 140.121 1 -29.268 11 0 1 0 1 0 1
7 N19 max 53.599 3 861.687 3 0.283 3 0 12 0 12 0 12
8 min -6.272 9 61.304 1 -22.71 12 0 1 0 1 0 1
9 N37 max -2.354 1 864.586 3 0.324 3 0 12 0 12 0 12
10 min -49.99 8 61.51 1 -64.925 12 0 1 0 1 0 1
11 N40 max -3.811 1 861.45 3 0.283 3 0 12 0 12 0 12
12 min -62.045 8 61.287 1 -22.711 12 0 1 0 1 0 1
13 Totals: max 0 3 7385.351 3 0 1
14 min -195.222 9 525.423 1 -292.83 12

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max864.821 12 3 15.569 14 9 33.813 41 11 0.094 14 11 39.664 42 11 61.641 90 3
2 min 0 91 1 -77.226 46 3 -93.429 42 12 -0.136 46 12 -64.923 12 12 -50.936 46 3
3 M2 max1963.269 12 3 46.095 30 8 46.502 41 11 0.04 48 9 56.56 42 11 25.618 15 8
4 min 0 91 1 0 91 1 -131.874 42 11 -0.035 12 8 -88.595 12 11 -46.584 14 8
5 M3 max -3.071 50.004 1 171.933 0 3 0.01 50.004 9 0 50.004 3 0.091 0 11 143.906 50.004 3
6 min -43.159 0 3 -197.39 50.004 3 -0.897 0 11 -0.008 0 12 -3.648 50.00411 -75.891 23.439 3
7 M4 max1969.539 9 3 0 96 12 154.587 18 11 0.036 12 8 76.49 18 11 32.241 9 8
8 min 0 87 1 -44.086 10 8 -40.393 42 11 -0.042 84 8 -27.451 78 12 -28.78 10 8
9 M5 max -0.193 30 1 0.491 30 3 0 30 12 0 30 3 0.035 0 8 29.877 30 12
10 min -127.177 0 11 -22.562 0 12 -0.027 0 8 -0.17 0 9 -0.032 30 8 -26.528 0 12
11 M6 max 235.53 19.20911 8.872 19.20911 0 38.41912 0.079 38.419 8 0 38.419 1 16.009 0 11
12 min 0.404 19.61 1 0.016 19.61 1 -0.014 19.209 9 0 19.61 1 -0.09 38.419 8 -12.395 38.41911
13 M7 max -0.21 30 1 5.228 30 12 0 30 12 0.129 30 8 0.023 0 9 3.239 0 12
14 min -51.081 0 11 -0.181 0 3 -0.025 0 9 0 0 1 -0.04 30 8 -9.832 30 12
15 M8 max 1.649 38.419 3 0.058 38.419 3 0 38.41912 0.006 38.419 8 0.009 0 9 8.889 38.41912
16 min -95.459 0 12 -5.695 0 12 -0.006 0 9 0 0 1 -0.01 38.419 9 -9.345 0 12
17 M9 max 40.93 30 12 5.638 30 11 0 30 12 0 30 1 0.042 0 8 9.286 0 11
18 min -0.412 0 3 0.025 0 1 -0.025 0 8 -0.197 0 8 -0.02 30 8 -4.808 30 11
19 M10 max861.687 9 3 77.139 57 3 111.093 18 12 0.203 86 11 55.67 18 11 50.383 42 3
20 min 0 87 1 -6.272 0 9 -30.311 42 11 -0.077 10 11 -18.481 78 12 -61.56 86 3
21 M11 max 0.115 30 8 0.44 30 3 0.069 30 11 -0.008 30 1 0.078 30 11 22.235 30 12
22 min -90.748 0 12 -16.829 0 12 -0.021 0 9 -0.299 0 8 -0.094 0 11 -19.838 0 12
23 M12 max167.98138.41911 6.348 38.41911 0.05 38.41912 0.035 38.419 9 0.128 38.41911 11.569 0 12
24 min -0.151 0 9 -0.002 0 9 -0.016 0 8 -0.075 0 3 -0.059 38.419 9 -8.755 38.41911
25 M13 max -0.045 30 1 3.531 30 12 0.089 30 12 -0.024 30 1 0.136 30 12 2.077 0 12
26 min -37.986 0 11 -0.127 0 3 -0.028 0 8 -0.342 0 3 -0.085 0 12 -6.75 30 12
27 M14 max 1.234 38.419 3 0.065 38.419 3 0.026 38.41912 0.049 38.419 3 0.019 38.41912 6.152 38.41912
28 min -63.807 0 12 -3.95 0 12 -0.012 0 8 0.003 0 1 -0.07 0 11 -6.495 0 12
29 M15 max 27.686 30 12 3.736 30 11 0.118 30 11 0.619 30 3 0.093 30 11 6.228 0 11
30 min -0.422 0 3 0.009 0 1 -0.022 0 9 0.044 0 1 -0.201 0 11 -3.113 30 11
31 M16 max -1.416 50.004 1 196.542 0 3 0.008 50.004 9 0 50.004 1 2.921 0 11 143.2 0 3
32 min -19.903 0 3 -172.781 50.004 3 -0.72 0 11 -0.015 0 11 -0.077 50.00411 -74.72 26.565 3
33 M17 max 2.072 50.004 8 175.5 0 3 0.062 50.004 3 0.001 50.004 3 0.254 50.004 3 137.62 50.004 3
34 min 0.065 0 1 -193.804 50.004 3 -1.093 0 12 -0.001 0 12 -4.534 50.00412 -74.271 23.96 3
35 M18 max -0.101 50.004 1 194.327 0 3 0.017 50.004 3 0.001 50.004 3 5.954 0 12 138.752 0 3
36 min -1.414 0 3 -174.977 50.004 3 -1.438 0 12 -0.005 0 12 -0.075 0 3 -74.276 26.565 3
37 M19 max864.586 12 3 77.189 48 3 33.814 41 11 0.136 48 12 39.665 42 11 50.911 46 3
38 min 0 91 1 0 91 1 -93.433 42 12 -0.094 12 11 -64.925 12 12 -61.606 90 3
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

39 M20 max -3.069 49.992 1 197.349 0 3 0.897 49.99211 0.008 49.99212 0.091 49.99211 143.86 0 3
40 min -43.137 0 3 -171.885 49.992 3 0 0 1 0 0 3 -3.648 0 11 -75.847 26.558 3
41 M21 max 861.45 9 3 0 96 12 111.097 18 12 0.077 12 11 55.672 18 11 61.526 86 3
42 min 0 87 1 -77.101 48 3 -30.312 42 11 -0.203 84 11 -18.482 78 12 -50.358 42 3
43 M22 max 0.016 30 3 0.44 30 3 -0.001 30 1 0.113 30 3 0.094 0 11 22.236 30 12
44 min -90.751 0 12 -16.83 0 12 -0.069 0 11 -0.18 0 9 -0.078 30 11 -19.839 0 12
45 M23 max167.98638.41911 6.348 38.41911 0.002 38.419 3 0.113 38.419 8 0.045 0 12 11.569 0 12
46 min 0.011 0 1 0.001 0 1 -0.05 0 12 0.005 0 1 -0.128 38.41911 -8.755 38.41911
47 M24 max -0.045 30 1 3.531 30 12 0.005 30 3 0.342 30 3 0.085 0 12 2.077 0 12
48 min -37.988 0 11 -0.127 0 3 -0.089 0 12 0.024 0 1 -0.136 30 12 -6.75 30 12
49 M25 max 1.234 38.419 3 0.065 38.419 3 0.01 38.419 3 -0.003 38.419 1 0.07 0 11 6.153 38.41912
50 min -63.809 0 12 -3.95 0 12 -0.026 0 12 -0.049 0 3 -0.019 38.41912 -6.495 0 12
51 M26 max 27.687 30 12 3.736 30 11 0 30 1 -0.044 30 1 0.201 0 11 6.228 0 11
52 min -0.422 0 3 0.009 0 1 -0.118 0 11 -0.619 0 3 -0.093 30 11 -3.113 30 11
53 M27 max -1.415 49.992 1 172.734 0 3 0.72 49.99211 0.015 49.99211 2.921 49.99211 143.152 49.992 3
54 min -19.893 0 3 -196.501 49.992 3 0.001 0 1 0 0 1 -0.077 0 11 -74.677 23.434 3
55 M28 max 0.912 49.992 3 193.762 0 3 1.093 49.99212 0.001 49.99212 0.254 0 3 137.57 0 3
56 min -1.12 0 9 -175.454 49.992 3 -0.062 0 3 -0.001 0 3 -4.534 0 12 -74.228 26.037 3
57 M29 max -0.101 49.992 1 174.931 0 3 1.438 49.99212 0.005 49.99212 5.954 49.99212 138.702 49.992 3
58 min -1.415 0 3 -194.285 49.992 3 -0.017 0 3 -0.001 0 3 -0.075 49.992 3 -74.233 23.434 3
59 M30 max -0.134 50.004 1 176.622 0 3 0.114 50.004 3 0 50.004 3 0.457 50.004 3 135.01 50.004 3
60 min -2.285 0 8 -192.682 50.004 3 -1.432 0 12 -0.008 0 12 -5.764 50.00412 -74.445 23.96 3
61 M31 max -0.158 50.004 1 193.169 0 3 0.089 50.004 3 0.001 50.00411 6.188 0 12 136.084 0 3
62 min -2.51 0 7 -176.135 50.004 3 -1.498 0 12 0 0 1 -0.368 0 3 -74.428 26.044 3
63 M32 max 0.332 49.992 9 192.639 0 3 1.432 49.99212 0.008 49.99212 0.457 0 3 134.96 0 3
64 min -1.876 0 3 -176.576 49.992 3 -0.114 0 3 0 0 3 -5.764 0 12 -74.402 26.037 3
65 M33 max 0.186 49.992 9 176.089 0 3 1.498 49.99212 0 49.992 1 6.188 49.99212 136.034 49.992 3
66 min -2.223 0 3 -193.127 49.992 3 -0.089 0 3 -0.001 0 11 -0.368 49.992 3 -74.386 23.954 3
67 M34 max 29.735 50.004 3 176.646 0 3 0.1 50.004 3 0 50.004 1 0.409 50.004 3 134.245 50.004 3
68 min 2.115 0 1 -192.678 50.004 3 -1.844 0 12 -0.004 0 11 -7.619 50.00412 -75.189 23.96 3
69 M35 max 30.569 50.004 3 193.155 0 3 0.113 50.004 3 0 50.004 1 6.081 0 12 135.304 0 3
70 min 2.175 0 1 -176.168 50.004 3 -1.471 0 12 -0.001 0 11 -0.465 0 3 -75.167 26.044 3
71 M36 max 29.722 49.992 3 192.634 0 3 1.845 49.99212 0.004 49.99211 0.409 0 3 134.195 0 3
72 min 2.115 0 1 -176.6 49.992 3 -0.1 0 3 0 0 1 -7.619 0 12 -75.146 26.037 3
73 M37 max 30.556 49.992 3 176.122 0 3 1.471 49.99212 0.001 49.99211 6.081 49.99212 135.254 49.992 3
74 min 2.174 0 1 -193.112 49.992 3 -0.113 0 3 0 0 1 -0.465 49.992 3 -75.124 23.954 3
75 M38 max 47.482 50.004 3 162.957 0 3 0.061 50.004 3 0 50.004 1 0.255 50.004 3 152.044 50.004 3
76 min 3.378 0 1 -206.347 50.004 3 -1.985 0 12 -0.002 0 11 -8.198 50.00412 -88.163 21.877 3
77 M39 max 46.574 50.004 3 206.516 0 3 0.064 50.004 3 0 50.004 1 8.346 0 12 152.682 0 3
78 min 3.313 0 1 -162.788 50.004 3 -2.051 0 12 -0.007 0 11 -0.27 0 3 -87.921 28.127 3
79 M40 max 47.457 49.992 3 206.309 0 3 1.986 49.99212 0.002 49.99211 0.255 0 3 152.013 0 3
80 min 3.376 0 1 -162.907 49.992 3 -0.061 0 3 0 0 1 -8.198 0 12 -88.105 28.12 3
81 M41 max 46.55 49.992 3 162.738 0 3 2.052 49.99212 0.007 49.99211 8.346 49.99212 152.651 49.992 3
82 min 3.312 0 1 -206.477 49.992 3 -0.064 0 3 0 0 1 -0.27 49.992 3 -87.863 21.871 3

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 Cold Formed Steel
2 Gr45 -WS-BM3.25X16GA 20 1000 0.117
3 Gr45 -WS-BRC-1.34X0.75X20GA 15 500.5 0.016
4 Gr45 -WS-COL1.625X1.75X14GA 6 576 0.061
5 Total CF Steel 41 2076.5 0.194
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Code Refrence

Seismic Code : ASCE 7-10

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

& RMI (AS IT APPLIES)

Dimension

Frame : E0 Max. Shelving Height : 144 in

Width : 24 in Levels : 14

Length : 48 in Shelf type : S-Series Storage Shelving

Double Fixture

Site parameters (ASCE 7 section 11.4)

Site class D (Default)

Mapped acceleration parameters

at short periods Ss = 0.206 at 1 sec. period S1 = 0.106

Site coefficient at short periods Fa = 1.600 at 1 sec. period Fv = 2.376

Spectral response accelaration parameters (ASCE 7 section 11.4)

at short periods 0.071 0.050

Calc. SMS = 0.330 at 1 sec. period Calc. SM1 = 0.252

Design spectral acceleration parameters (ASCE 7 section 11.4)

at short periods SDS = 0.220 at 1 sec. period SD1 = 0.168

Seismic design category (ASCE 7 section 11.6)

Risk Category II

Seismic design category C

Approximate fundamental period (ASCE 7 section 12.8.2.1)

Height above base to highest level hn = 12.00 ft

Structure Type 4

Long-period transition TL = 12 Figs. 22-14 thru 22-17

Building period parameter Ct Ct = 0.020

Building period parameter x x = 0.75

Building fundamental period T = Ta = 0.129 sec.

Exponent related to structure period k = 1 since Ta ≤ 0.50 sec

Seismic response coefficient (ASCE 7 section 15.5 & RMI 2.6.3)

Response modification factor (Transverse) R = 4

Response modification factor (Longitudinal) R = 6

Seismic importance factor Ie = 1.5 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

Redundancy factor ρ = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

Cd = 3.5

SEISMIC DESIGN FRAME E0 12''/12''B x 48''L x 144''H S-Series Storage Shelving

SEISMIC FORCES
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Operating Weight (RMI 2.1 & ASCE 7 section 15.5)

Loads

DL : 5 psf

Height/LVL
Input Shelf 

Load (PL)

Calculate

d

(in) (lbs.) (lbs.)

14 10.25 80 80

13 10.25 80 80

12 10.25 80 80

11 10.25 80 80

10 10.25 80 80

9 10.25 80 80

8 10.25 80 80

7 10.25 80 80

6 10.25 80 80

5 10.25 80 80

4 10.25 80 80

3 10.25 80 80

2 10.25 80 80

1 4.00 80 80

Total PL : 1,120

DL =  5 PSF x 2 FT x 4 FT x 14 SHELVES = 560.00 lbs

PL app = 1,120 LBS x 0.67 = 750.40 lbs

PL (top shelf) = 80.00 lbs

Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

67%PL (every shelf loaded 67% of its rated load)(PL app)

100%PL (top shelf only loaded 100% of its rated load)

VBASE = Cs  Ws

Seismic base shear (ASCE 7 section 12.8)

Transverse Longitudinal

Seismic response coefficient Cs = 0.082 0.055

Seismic response coefficient max. Cs, MAX = 0.488 0.326

Seismic response coefficient min. Cs, MIN = 0.015 0.015

Seismic response coefficient (Governs) Cs = 0.082 0.055

LOAD COMBINATION ASD (RMI 2.1)

WLC Ws E (factor)
VBASE 

Transverse

VBASE 

Longitudinal

DL+0.67PL+0.75(0.7ρE) 1,310.40 1,310.40 0.525 57 38

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 1,414.21 1,310.40 0.525 57 38

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 1,267.75 1,310.40 0.700 76 50 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 745.93 1,310.40 0.700 76 50

Seismic base shear VBASE MAX. CONTROL 76 50

Ws CONTROL= 1,267.75 LBS

Anchors in accordance with ACI318 Sec.17 Ωο  = 2.0

Transverse Longitudinal

VBASE 67%PL  = 76 50 lbs

VBASE 100%PL TOP x 0.7ρ= 37 25 lbs

LEVEL

(ACI318 Sec.17; ASCE7 Table 15.4-1)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

14 90.55 11.44 1035.70 0.14 10.49 6.99

13 90.55 10.58 958.35 0.13 9.71 6.47

12 90.55 9.73 881.01 0.12 8.92 5.95

11 90.55 8.88 803.66 0.11 8.14 5.43

10 90.55 8.02 726.31 0.10 7.36 4.91

9 90.55 7.17 648.96 0.09 6.57 4.38

8 90.55 6.31 571.62 0.08 5.79 3.86

7 90.55 5.46 494.27 0.07 5.01 3.34

6 90.55 4.60 416.92 0.06 4.22 2.82

5 90.55 3.75 339.57 0.05 3.44 2.29

4 90.55 2.90 262.23 0.04 2.66 1.77

3 90.55 2.04 184.88 0.02 1.87 1.25

2 90.55 1.19 107.53 0.01 1.09 0.73

1 90.55 0.33 30.18 0.00 0.31 0.20

Σ 1267.75 Σ 7461.21 Base : 75.58 50.39

PSTATIC = 316.94 lbs per post COMP.MAX = 420 lbs per post

VBASE 67%PL (Transverse): 76 lbs Σ (FX * h) (Transverse) : 7,165 lbs-in

VBASE 67%PL (Longitudinal): 50 lbs Σ (FX * h) (Longitudinal) : 4,777 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION - FRAME E0 (CONTINUED)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

14 120.00 11.44 1372.50 0.33 12.06 8.15

13 40.00 10.58 423.33 0.10 3.72 2.51

12 40.00 9.73 389.17 0.09 3.42 2.31

11 40.00 8.88 355.00 0.08 3.12 2.11

10 40.00 8.02 320.83 0.08 2.82 1.90

9 40.00 7.17 286.67 0.07 2.52 1.70

8 40.00 6.31 252.50 0.06 2.22 1.50

7 40.00 5.46 218.33 0.05 1.92 1.30

6 40.00 4.60 184.17 0.04 1.62 1.09

5 40.00 3.75 150.00 0.04 1.32 0.89

4 40.00 2.90 115.83 0.03 1.02 0.69

3 40.00 2.04 81.67 0.02 0.72 0.48

2 40.00 1.19 47.50 0.01 0.42 0.28

1 40.00 0.33 13.33 0.00 0.12 0.08

Σ 640.00 Σ 4210.83 Base : 37.00 25.00

VBASE 100%PL TOP (Transverse): 37 LBS Σ (FX * h) (Transverse) : 3,849 lbs-in

VBASE 100%PL TOP (Longitudinal): 25 LBS Σ (FX * h) (Longitudinal) : 2,601 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION TOP SHELF LOADED - FRAME E0 (CONTINUED)
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CROSS BRACE DESIGN:

MAX. FORCE IN CROSS BRACE IN LONGITUDINAL DIRECTION

Fy = 30,000 PSI

CROSS BRACE AT EVERY 4 RACKS

(RISA3D) T MAX = 160.218 LBS

A REQD = 0.009 IN
2

A ACTUAL =  3/4'' x 0.06'' = 0.045 IN
2 OK

SHEAR CAPACITY OF #8X5/8" SCREWS (AISI 2002 TABLE IV 8a)

(16 GA BRACE IN CONTACT & 16 GA UPRITE NOT IN CONTACT )

PnS = 1.62 No. of Screws = 1

V ALLOW = PnS / Ω where, Ω = 3

V ALLOW = 1 x 1.62 /3 = 0.54 KIPS = 540 LBS

V ALLOW (SEISMIC) = 1.0 * VALLOW = 540 > VMAX.  = 160 LBS

OK

COMPONENT DESIGN FOR PROFILE E0

USE CROSS BRACE AT EVERY 4 RACKS.

    160.22  /  ( 0.6  x  30000 PSI )   =
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TRANSVERSE DIRECTION HORIZONTAL BRACE DESIGN:

(RISA3D) P MAX. : 33 LBS

Unbrace Lx : 12 IN

Unbrace Ly : 12 IN

AREA = 0.269 IN
2

Fy = 30,000 PSI

Ix = 0.628 IN
4

Iy = 0.005 IN
4

Sx = 0.279 IN
3

Sy = 0.010 IN
3

rx = 1.527 IN ry = 0.140 IN

Cmx= 1.00 Kx = 1.7

Ky = 1.0

kLx = (1.7)(12) = 13.36

rx 1.527

kLy = (1)(12) = 85.71 <-- CONTROLS

ry 0.14

Fa = π2
 * E = 38958 PSI

(Kl/r)
2

λc = (Fy / Fa)
1/2 = 0.88 <1.5

= 21734 PSI

Pn = Aeff x Fn = 5846 LBS

P = Pn / Ω

where, Ωc = 1.80

P = 3248 LBS

PMAX. / P = 0.01  ( 1 ) <------------------

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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(RISA3D) M MAX = 38.10 LBS-FT

Mn = Sx x Fy = 8370.00 LBS-IN

M = Mn/Ω

where, Ωb = 1.67

M = 5012 LBS-IN

MMAX / M = 0.09 ( 2 ) <------------------

( 1 ) + ( 2 ) = 0.10 < 1.0 OK
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SECTION PROPERTIES MAX HT = 144 IN

SIZE = 1.12"x1.5"x16ga Fy = 30 ksi

t = 16 GA E = 29,500 ksi

AREA = 0.194 in
2

Iy = 0.027 in
4

Ix = 0.050 in
4

Sy = 0.048 in
3

Sx = 0.056 in
3

ry = 0.374 in

rx = 0.508 in Ωc= 1.80

Cmx= 1.00 Ωb= 1.67

Unbrace Lx-x = 10.25 in Kx = 1.0 (RMI Sec. 6.3.1.2)

Unbrace Ly-y = 10.25 in Ky = 1.7 (RMI Sec. 6.3.1.1)

δSE = 0.14 IN

δX = 0.33 IN < 5% Structural Height  OK

P = 511 lbs

kLx (1)(10.25) kLy (1.7)(10.25)

rx 0.508in ry 0.374in

π2
 * E π2

 * E

(Klx/rx)
2

(Kly/ry)
2

λc = (Fy / Fax)
1/2 = 0.20 <1.5 λc = (Fy / Fay)

1/2 = 0.47 <1.5

= 29478 psi = 27319 psi

Pn = AREA * Fn = 5719 lbs Pn = AREA * Fn = 5300 lbs

PEX = (π2
EIX) / (KXLX)

2
= 138562 lbs PEY = (π2

EIY) / (KYLY)
2

= 25890 lbs

αx = 1 − (ΩcPx/Pex) = 0.99 αy = 1 − (ΩcPx/Pey) = 0.96

MAX MOMENT IN COLUMN

Mx = MSTATIC + MSEISMIC = 0.01 lbs-ft Mnx = Sx * Fy = 140.00 lbs-ft

My = MSTATIC + MSEISMIC = 19.69 lbs-ft Mny = Sy * Fy = 120.00 lbs-ft

COMBINED STRESS (fa/Fa + fb/Fb)

(ΩcP/Pn) + (ΩbCmxMx/Mnαx) + (ΩbCmyMy/Mnyαy) = 0.46 < 1.0 THEREFORE UPRITE IS OK

Fay 

COLUMN DESIGN FOR FRAME - E0

COLUMN SECTION

= = 20.18 = = 46.59

Fax = = 715157 PSI = = 134128 psi

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame E (12"/12"Bx48"Lx144"H) - Sseries

Nodes Layout

SK-2

Sep 01, 2026 at 03:51 PM

E0 Storage Rack-12-12x48x144 - 14lvls- 5 …
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E0 Storage Rack-12-12x48x144 - 14lvls- 5 …
Page 91 of 155



JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame E (12"/12"Bx48"Lx144"H) - Sseries

ELX

SK-8

Sep 01, 2026 at 03:58 PM

E0 Storage Rack-12-12x48x144 - 14lvls- 5 …
Page 92 of 155



Company
Designer
Job Number
Model Name

:
:
:
:

JPH & CLARK, Inc
AA
26-460 Advanced Auto Parts
Frame E (12"/12"Bx48"Lx144"H) - Sseries

Checked By : KRC
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RISA-3D Version 23 [ E0 Storage Rack-12-12x48x144 - 14lvls- 5 B… Page 1

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A570 Gr.33 29500 11346 0.3 0.65 0.49 33 52
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70
3 A653 SS Gr33 29500 11346 0.3 0.65 0.49 33 45
4 A653 SS Gr50/1 29500 11346 0.3 0.65 0.49 50 65
5 Gr45 29500 11346 0.3 0.65 0.49 45 57
6 Gr30 29000 11346 0.3 0.65 0.49 30 38

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 SS-UP S-SERIES-UP_1.5X1.12X16GA Column CU Gr30 Typical 0.194 0.05 0.027 0.000279
2 SS-BRC S-SERIES-BRC_0.625X4.5X18GA HBrace CU Gr30 Typical 0.269 0.005 0.628 0.000205

Basic Load Cases

BLC Description Category Nodal Surface(Plate/Wall)

1 DL DL 168
2 LL LL 168
3 ELZ ELZ 14
4 ELX ELX 14

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N592A L Z 49.86
2 N593A L Z 46.133
3 N594A L Z 43.021
4 N595A L Z 38.688
5 N596A L Z 35.468
6 N597A L Z 31.242
7 N598A L Z 27.515
8 N599A L Z 23.792
9 N600A L Z 20.358
10 N601A L Z 16.347
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Node Loads and Enforced Displacements (BLC 3 : ELZ) (Continued)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

11 N602A L Z 12.987
12 N603A L Z 9.029
13 N604A L Z 5.179
14 N605A L Z 1.472

Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N592A L X 33.24
2 N593A L X 30.755
3 N594A L X 28.68
4 N595A L X 25.792
5 N596A L X 23.645
6 N597A L X 20.828
7 N598A L X 18.343
8 N599A L X 15.862
9 N600A L X 13.572
10 N601A L X 10.898
11 N602A L X 8.658
12 N603A L X 6.02
13 N604A L X 3.452
14 N605A L X 0.982

Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 0 12 308.033 10 0 12 0 12 0 12 0 12
2 min 0 1 0 9 0 1 0 1 0 1 0 1
3 N10 max 0 12 480.228 11 0 12 0 12 0 12 0 12
4 min 0 1 82.483 1 0 1 0 1 0 1 0 1
5 N19 max 0 12 612.364 3 0 12 0 12 0 12 0 12
6 min 0 1 135.858 1 0 1 0 1 0 1 0 1
7 N27 max 0 12 482.48 11 0 12 0 12 0 12 0 12
8 min 0 1 82.645 1 0 1 0 1 0 1 0 1
9 N99 max 0 12 585.97 3 0 12 0 12 0 12 0 12
10 min 0 1 85.008 9 0 1 0 1 0 1 0 1
11 N124 max 0 12 479.233 11 0 12 0 12 0 12 0 12
12 min 0 1 83.456 1 0 1 0 1 0 1 0 1
13 N161 max 0 1 145.635 3 -3.544 1 0 12 0 12 0 12
14 min -20.641 8 -80.404 12 -43.378 11 0 1 0 1 0 1
15 N163 max 0 12 381.164 3 0 12 0 12 0 12 0 12
16 min 0 1 0 12 0 1 0 1 0 1 0 1
17 N222 max 0 1 72.512 3 -1.794 1 0 12 0 12 0 12
18 min -20.638 8 -109.787 12 -37.481 11 0 1 0 1 0 1
19 N224 max 0 12 377.45 3 0 12 0 12 0 12 0 12
20 min 0 1 0 12 0 1 0 1 0 1 0 1
21 N247 max 0 1 139.22 3 -3.539 1 0 12 0 12 0 12
22 min -20.638 8 -84.537 12 -43.052 11 0 1 0 1 0 1
23 N257 max 0 12 369.487 3 0 12 0 12 0 12 0 12
24 min 0 1 0 12 0 1 0 1 0 1 0 1
25 N267 max 0 12 294.816 3 0 12 0 12 0 12 0 12
26 min 0 1 0 12 0 1 0 1 0 1 0 1
27 N268 max 0.001 2 154.496 12 7.928 3 0 12 0 12 0 12
28 min -20.633 8 16.185 1 -28.054 12 0 1 0 1 0 1
29 N277 max 0 12 361.693 3 0 12 0 12 0 12 0 12
30 min 0 1 0 12 0 1 0 1 0 1 0 1
31 N278 max 0 12 482.694 11 0 12 0 12 0 12 0 12
32 min 0 1 84.999 1 0 1 0 1 0 1 0 1
33 N287 max 0 12 589.372 3 0 12 0 12 0 12 0 12
34 min 0 1 108.104 12 0 1 0 1 0 1 0 1
35 N288 max 0.001 2 200.884 12 15.482 3 0 12 0 12 0 12
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Envelope Node Reactions (Continued)

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

36 min -20.634 8 32.133 1 -26.023 12 0 1 0 1 0 1
37 N297 max 0 12 359.268 3 0 12 0 12 0 12 0 12
38 min 0 1 0 12 0 1 0 1 0 1 0 1
39 N298 max 0 12 484.78 11 0 12 0 12 0 12 0 12
40 min 0 1 85.363 1 0 1 0 1 0 1 0 1
41 N430 max 0 12 588.996 3 0 12 0 12 0 12 0 12
42 min 0 1 106.223 12 0 1 0 1 0 1 0 1
43 N431 max 0.001 2 202.765 12 15.427 3 0 12 0 12 0 12
44 min -20.633 8 32.144 1 -26.144 12 0 1 0 1 0 1
45 N470 max 0 12 359.733 3 0 12 0 12 0 12 0 12
46 min 0 1 0 12 0 1 0 1 0 1 0 1
47 N471 max 0 12 484.862 11 0 12 0 12 0 12 0 12
48 min 0 1 85.057 1 0 1 0 1 0 1 0 1
49 N579 max 0 12 304.973 10 0 12 0 12 0 12 0 12
50 min 0 1 67.819 1 0 1 0 1 0 1 0 1
51 N612 max 0 1 70.076 3 -1.791 1 0 12 0 12 0 12
52 min -20.641 8 -115.769 12 -37.626 11 0 1 0 1 0 1
53 N625 max 0 12 293.682 3 0 12 0 12 0 12 0 12
54 min 0 1 0 12 0 1 0 1 0 1 0 1
55 N626 max 0.001 2 154.496 12 7.765 3 0 12 0 12 0 12
56 min -20.634 8 16.218 1 -28.041 12 0 1 0 1 0 1
57 N623A max NC NC NC LOCKED NC LOCKED
58 min NC NC NC LOCKED NC LOCKED
59 N609A max NC NC NC LOCKED NC LOCKED
60 min NC NC NC LOCKED NC LOCKED
61 N622A max NC NC NC LOCKED NC LOCKED
62 min NC NC NC LOCKED NC LOCKED
63 N608A max NC NC NC LOCKED NC LOCKED
64 min NC NC NC LOCKED NC LOCKED
65 N637A max NC NC NC LOCKED NC LOCKED
66 min NC NC NC LOCKED NC LOCKED
67 N624A max NC NC NC LOCKED NC LOCKED
68 min NC NC NC LOCKED NC LOCKED
69 N610A max NC NC NC LOCKED NC LOCKED
70 min NC NC NC LOCKED NC LOCKED
71 N621A max NC NC NC LOCKED NC LOCKED
72 min NC NC NC LOCKED NC LOCKED
73 N607A max NC NC NC LOCKED NC LOCKED
74 min NC NC NC LOCKED NC LOCKED
75 N636A max NC NC NC LOCKED NC LOCKED
76 min NC NC NC LOCKED NC LOCKED
77 N651A max NC NC NC LOCKED NC LOCKED
78 min NC NC NC LOCKED NC LOCKED
79 N638A max NC NC NC LOCKED NC LOCKED
80 min NC NC NC LOCKED NC LOCKED
81 N625A max NC NC NC LOCKED NC LOCKED
82 min NC NC NC LOCKED NC LOCKED
83 N620A max NC NC NC LOCKED NC LOCKED
84 min NC NC NC LOCKED NC LOCKED
85 N606A max NC NC NC LOCKED NC LOCKED
86 min NC NC NC LOCKED NC LOCKED
87 N635A max NC NC NC LOCKED NC LOCKED
88 min NC NC NC LOCKED NC LOCKED
89 N650A max NC NC NC LOCKED NC LOCKED
90 min NC NC NC LOCKED NC LOCKED
91 N639A max NC NC NC LOCKED NC LOCKED
92 min NC NC NC LOCKED NC LOCKED
93 N652A max NC NC NC LOCKED NC LOCKED
94 min NC NC NC LOCKED NC LOCKED
95 N626A max NC NC NC LOCKED NC LOCKED
96 min NC NC NC LOCKED NC LOCKED
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Envelope Node Reactions (Continued)

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

97 N611A max NC NC NC LOCKED NC LOCKED
98 min NC NC NC LOCKED NC LOCKED
99 N629A max NC NC NC LOCKED NC LOCKED
100 min NC NC NC LOCKED NC LOCKED
101 N634A max NC NC NC LOCKED NC LOCKED
102 min NC NC NC LOCKED NC LOCKED
103 N649A max NC NC NC LOCKED NC LOCKED
104 min NC NC NC LOCKED NC LOCKED
105 N640A max NC NC NC LOCKED NC LOCKED
106 min NC NC NC LOCKED NC LOCKED
107 N653A max NC NC NC LOCKED NC LOCKED
108 min NC NC NC LOCKED NC LOCKED
109 N612A max NC NC NC LOCKED NC LOCKED
110 min NC NC NC LOCKED NC LOCKED
111 N628A max NC NC NC LOCKED NC LOCKED
112 min NC NC NC LOCKED NC LOCKED
113 N614A max NC NC NC LOCKED NC LOCKED
114 min NC NC NC LOCKED NC LOCKED
115 N615A max NC NC NC LOCKED NC LOCKED
116 min NC NC NC LOCKED NC LOCKED
117 N643A max NC NC NC LOCKED NC LOCKED
118 min NC NC NC LOCKED NC LOCKED
119 N630A max NC NC NC LOCKED NC LOCKED
120 min NC NC NC LOCKED NC LOCKED
121 N616A max NC NC NC LOCKED NC LOCKED
122 min NC NC NC LOCKED NC LOCKED
123 N648A max NC NC NC LOCKED NC LOCKED
124 min NC NC NC LOCKED NC LOCKED
125 N654A max NC NC NC LOCKED NC LOCKED
126 min NC NC NC LOCKED NC LOCKED
127 N627A max NC NC NC LOCKED NC LOCKED
128 min NC NC NC LOCKED NC LOCKED
129 N642A max NC NC NC LOCKED NC LOCKED
130 min NC NC NC LOCKED NC LOCKED
131 N657A max NC NC NC LOCKED NC LOCKED
132 min NC NC NC LOCKED NC LOCKED
133 N631A max NC NC NC LOCKED NC LOCKED
134 min NC NC NC LOCKED NC LOCKED
135 N617A max NC NC NC LOCKED NC LOCKED
136 min NC NC NC LOCKED NC LOCKED
137 N644A max NC NC NC LOCKED NC LOCKED
138 min NC NC NC LOCKED NC LOCKED
139 N641A max NC NC NC LOCKED NC LOCKED
140 min NC NC NC LOCKED NC LOCKED
141 N613A max NC NC NC LOCKED NC LOCKED
142 min NC NC NC LOCKED NC LOCKED
143 N656A max NC NC NC LOCKED NC LOCKED
144 min NC NC NC LOCKED NC LOCKED
145 N632A max NC NC NC LOCKED NC LOCKED
146 min NC NC NC LOCKED NC LOCKED
147 N618A max NC NC NC LOCKED NC LOCKED
148 min NC NC NC LOCKED NC LOCKED
149 N645A max NC NC NC LOCKED NC LOCKED
150 min NC NC NC LOCKED NC LOCKED
151 N658A max NC NC NC LOCKED NC LOCKED
152 min NC NC NC LOCKED NC LOCKED
153 N655A max NC NC NC LOCKED NC LOCKED
154 min NC NC NC LOCKED NC LOCKED
155 N646A max NC NC NC LOCKED NC LOCKED
156 min NC NC NC LOCKED NC LOCKED
157 N659A max NC NC NC LOCKED NC LOCKED
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Envelope Node Reactions (Continued)

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

158 min NC NC NC LOCKED NC LOCKED
159 N633A max NC NC NC LOCKED NC LOCKED
160 min NC NC NC LOCKED NC LOCKED
161 N619A max NC NC NC LOCKED NC LOCKED
162 min NC NC NC LOCKED NC LOCKED
163 N660A max NC NC NC LOCKED NC LOCKED
164 min NC NC NC LOCKED NC LOCKED
165 N647A max NC NC NC LOCKED NC LOCKED
166 min NC NC NC LOCKED NC LOCKED
167 N661A max NC NC NC LOCKED NC LOCKED
168 min NC NC NC LOCKED NC LOCKED
169 Totals: max -0.003 1 8806.004 3 0.012 3
170 min -165.092 8 2016.001 1 -258.576 12

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max308.033 3 10 4 13.5 8 43.419 4.5 12 0.001 6 9 14.172 39 12 3.957 6 8
2 min -5.696 4.5 9 -84.529 4.5 8 -4.836 15 3 -0.001 142.5 3 -14.994 7.5 12 -2.393 66 9
3 M2 max480.228 3 11 35.145 70.5 8 27.106 13.5 11 0.013 144 8 16.748 39 11 8.073 138 8
4 min -2.105 142.5 9 -53.382 72 8 -9.181 66 9 -0.008 72 8 -19.184 7.5 11 -10.315 70.5 8
5 M3 max 0 81.91 12 0 81.91 12 0 81.91 12 0 0 12 0 81.91 12 0 81.91 12
6 min -151.068 0 8 0 0 1 0 0 1 0 0 7 0 0 1 0 0 1
7 M4 max 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12
8 min 0 0 1 0 0 1 0 0 1 0 0 6 0 0 1 0 0 1
9 M5 max 0 81.92 12 0 81.92 12 0 81.92 12 0 81.92 8 0 81.92 12 0 81.92 12
10 min -44.147 0 8 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
11 M6 max 0 81.92 9 0 81.92 12 0 81.92 12 0 0 9 0 81.92 12 0 81.92 12
12 min -3.436 0 3 0 0 1 0 0 1 0 0 12 0 0 1 0 0 1
13 M7 max612.364 3 3 2.455 136.5 8 63.111 4.5 10 0.005 6 9 18.464 39 11 2.589 15 8
14 min 1.103 142.5 1 -3.133 6 8 -9.861 15 3 -0.001 7.5 8 -20.791 7.5 10 -2.312 66 9
15 M8 max 482.48 3 11 2.455 136.5 8 27.31 6 11 0 96 12 16.849 39 11 2.59 15 8
16 min 0.048 138 1 -3.127 4.5 8 -0.345 87 8 0 15 8 -19.283 7.5 11 -2.312 66 9
17 M9 max 0 48 12 0 48 12 0 48 12 0 48 11 0 48 12 0 48 12
18 min -0.174 0 8 0 0 1 0 0 1 0 0 3 0 0 1 0 0 1
19 M10 max 585.97 3 3 4.336 13.5 9 61.399 6 10 0 6 8 18.119 39 11 4.115 6 9
20 min 1.108 138 1 -88.327 4.5 9 -9.468 15 3 0 66 8 -20.219 7.5 10 -2.422 66 9
21 M11 max479.233 3 11 36.807 70.5 9 27.471 6 11 0.017 144 9 16.872 39 11 10.584 138 9
22 min -2.41 142.5 9 -55.855 72 9 -9.193 73.5 9 -0.008 72 9 -19.364 7.5 11 -10.718 70.5 9
23 M12 max 0 48 12 0 48 12 0 48 12 0 48 11 0 48 12 0 48 12
24 min -0.182 0 9 0 0 1 0 0 1 0 0 3 0 0 1 0 0 1
25 M13 max 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12
26 min 0 0 1 0 0 1 0 0 1 0 0 6 0 0 1 0 0 1
27 M14 max 0 81.92 12 0 81.92 12 0 81.92 12 0 0 12 0 81.92 12 0 81.92 12
28 min 0 0 1 0 0 1 0 0 1 0 81.92 1 0 0 1 0 0 1
29 M15 max -0.616 81.92 12 0 81.92 12 0 81.92 12 0 81.92 9 0 81.92 12 0 81.92 12
30 min -57.877 0 9 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
31 M16 max 0 81.91 12 0 81.91 12 0 81.91 12 0 0 12 0 81.91 12 0 81.91 12
32 min -158.124 0 9 0 0 1 0 0 1 0 0 7 0 0 1 0 0 1
33 M17 max 377.45 3 3 3.132 13.5 8 9.181 75 9 0.013 144 8 19.184 7.5 11 2.313 66 9
34 min -12.245 4.5 12 -2.419 127.5 8 -27.106 4.5 11 -0.008 72 8 -16.748 39 11 -2.592 15 8
35 M18 max 0 12 12 14.603 12 9 0 12 12 0.003 12 9 0.013 0 9 26.743 12 11
36 min 0 0 1 -53.485 0 11 -0.027 0 9 0 0 12 -0.013 12 9 -26.743 0 11
37 M19 max 0 12 11 0.22 12 2 0 12 12 0 12 8 0 0 9 27.258 12 11
38 min 0 0 1 -54.515 0 11 0 0 1 0 0 12 0 12 9 -27.258 0 11
39 M20 max 95.052 13.5 3 20.638 3 8 17.073 6 11 0.001 6 9 14.601 7.5 12 2.313 66 9
40 min -115.239 4.5 12 -6.738 4.5 8 -37.481 0 11 -0.001 138 3 -14.175 39 12 -6.59 4.5 8
41 M21 max190.264 13.5 3 20.641 3 8 9.723 24 3 0.005 6 9 20.384 7.5 10 2.313 66 9
42 min -92 4.5 12 -6.746 4.5 8 -46.672 7.5 3 -0.001 7.5 8 -18.467 39 11 -6.59 4.5 8
43 M22 max381.164 3 3 3.132 13.5 8 0.345 96 8 0 96 12 19.283 7.5 11 2.314 66 9
44 min -11.418 4.5 12 -2.454 127.5 8 -27.31 7.5 11 0 15 8 -16.849 39 11 -2.592 15 8
45 M23 max183.441 13.5 3 20.638 3 8 9.335 24 3 0 6 8 19.816 7.5 10 2.313 66 9
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

46 min -95.183 4.5 12 -6.738 4.5 8 -44.814 7.5 3 0 66 8 -18.123 39 11 -6.59 4.5 8
47 M24 max369.487 3 3 3.132 13.5 8 9.193 70.5 9 0.017 144 9 19.364 7.5 11 2.312 66 9
48 min -11.316 4.5 12 -2.409 127.5 8 -27.471 7.5 11 -0.008 72 9 -16.872 39 11 -2.592 15 8
49 M25 max 0 12 12 28.891 12 12 0 12 12 0 12 8 0 12 3 14.446 0 12
50 min 0 0 3 3.516 0 1 0 0 1 0 0 12 0 0 3 -14.446 12 12
51 M26 max -0.003 12 1 76.228 12 11 0 12 8 0 12 8 0 12 8 38.112 0 11
52 min -0.034 0 11 15.023 0 1 0 0 1 0 0 12 0 0 8 -38.116 12 11
53 M27 max 0 12 3 7.669 12 9 0 12 8 0 12 8 0 12 8 34.287 12 11
54 min 0 0 1 -68.574 0 11 0 0 1 0 0 12 0 0 8 -34.287 0 11
55 M28 max 0 12 12 6.808 12 11 0 12 11 0 12 1 0 0 12 3.404 0 11
56 min 0 0 1 1.103 0 1 0 0 12 0 0 12 0 12 12 -3.404 12 11
57 M29 max 0 12 10 5.395 12 12 0.002 12 3 0.001 12 3 0.001 12 3 2.697 0 12
58 min 0 0 12 0.551 0 1 0 0 9 0 0 9 -0.001 0 3 -2.697 12 12
59 M30 max 0 12 12 2.105 12 9 0 12 11 0 12 1 0.013 0 8 3.123 12 11
60 min 0 0 8 -6.246 0 11 -0.026 0 8 -0.01 0 8 -0.013 12 8 -3.123 0 11
61 M31 max 0 12 12 -0.048 12 1 0 12 11 0 12 1 0 0 12 3.146 12 11
62 min 0 0 1 -6.292 0 11 0 0 12 0 0 12 0 12 12 -3.146 0 11
63 M32 max -0.001 12 1 57.281 12 12 0 12 9 0 12 8 0 12 9 28.639 0 12
64 min -0.03 0 11 7.627 0 1 0 0 1 0 0 12 0 0 9 -28.642 12 12
65 M33 max 0 12 12 45.017 12 12 0.001 12 8 0 12 8 0 12 8 22.509 0 12
66 min 0 0 8 5.371 0 1 0 0 1 0 0 12 0 0 8 -22.509 12 12
67 M34 max 0 12 9 14.323 12 9 0 12 12 0.003 12 8 0.013 0 8 26.582 12 11
68 min 0 0 12 -53.164 0 11 -0.026 0 8 0 0 12 -0.013 12 8 -26.582 0 11
69 M35 max 0 12 12 58.552 12 11 0 12 12 0 12 1 0 12 12 29.276 0 11
70 min 0 0 1 10.586 0 1 0 0 1 0 0 12 0 0 1 -29.276 12 11
71 M36 max 0 12 12 -0.214 12 1 0 12 12 0 12 8 0 12 12 34.504 12 11
72 min 0 0 1 -69.009 0 11 0 0 1 0 0 12 0 0 1 -34.504 0 11
73 M37 max 0 12 12 -0.285 12 1 0 12 12 0 12 1 0 12 9 26.776 12 11
74 min 0 0 1 -53.552 0 11 0 0 1 0 0 12 0 0 9 -26.776 0 11
75 M38 max 28.182 12 11 50.845 12 12 0 12 12 0 12 1 0.001 0 9 24.878 0 12
76 min 1.349 0 1 8.094 0 1 -0.002 0 9 -0.001 0 9 -0.001 12 9 -25.967 12 12
77 M39 max 0 12 9 1.444 12 9 0 12 12 0 12 8 0 0 9 27.099 12 11
78 min 0 0 11 -54.198 0 11 0 0 1 0 0 12 0 12 9 -27.099 0 11
79 M40 max 32.616 12 11 73.784 12 10 0 12 12 0 12 1 0.006 0 8 36.329 0 10
80 min 2.665 0 1 15.979 0 1 -0.013 0 8 -0.002 0 9 -0.006 12 8 -37.456 12 10
81 M41 max 0 12 12 11.035 12 9 0 12 8 0 12 1 0 12 8 17.138 12 11
82 min 0 0 1 -34.275 0 11 0 0 1 0 0 9 0 0 8 -17.138 0 11
83 M42 max 0 12 12 37.826 12 11 0 12 12 0 12 1 0 12 12 18.913 0 11
84 min 0 0 1 6.961 0 1 0 0 1 0 0 9 0 0 1 -18.913 12 11
85 M43 max 0 12 12 -0.265 12 1 0 12 12 0 12 1 0 12 12 17.282 12 11
86 min 0 0 1 -34.565 0 11 0 0 1 0 0 9 0 0 1 -17.282 0 11
87 M44 max 0 12 4 57.588 12 11 0.001 12 9 0 12 8 0 12 9 28.794 0 11
88 min 0 0 9 10.634 0 1 0 0 1 0 0 12 0 0 9 -28.794 12 11
89 M45 max 0 12 12 6.701 12 11 0 12 11 0 12 1 0 0 12 3.35 0 11
90 min 0 0 1 1.108 0 1 0 0 12 0 0 12 0 12 12 -3.35 12 11
91 M46 max -0.003 12 1 74.704 12 11 0 12 8 0 12 8 0 12 8 37.35 0 11
92 min -0.034 0 11 15.029 0 1 0 0 1 0 0 12 0 0 8 -37.354 12 11
93 M47 max 32.371 12 11 71.692 12 10 0 12 12 0 12 1 0.001 0 8 35.289 0 10
94 min 2.661 0 1 15.953 0 1 -0.001 0 8 -0.001 0 8 -0.001 12 8 -36.403 12 10
95 M48 max 0 12 12 37.18 12 11 0 12 12 0 12 8 0 0 8 18.59 0 11
96 min 0 0 1 6.995 0 1 0 0 1 0 0 12 0 12 8 -18.59 12 11
97 M49 max 0 12 11 -0.02 12 2 0 12 12 0 12 8 0 0 9 27.386 12 11
98 min 0 0 1 -54.772 0 11 0 0 1 0 0 12 0 12 9 -27.386 0 11
99 M50 max 0 12 10 2.41 12 9 0 12 12 0 12 12 0.017 0 9 3.12 12 11
100 min 0 0 9 -6.24 0 11 -0.034 0 9 -0.013 0 9 -0.017 12 9 -3.12 0 11
101 M51 max 0 12 3 6.755 12 8 0 12 9 0 12 8 0 12 9 34.551 12 11
102 min 0 0 1 -69.102 0 11 0 0 1 0 0 12 0 0 9 -34.551 0 11
103 M52 max 0 12 12 11.788 12 9 0 12 12 0 12 4 0 12 9 17.19 12 11
104 min 0 0 1 -34.381 0 11 0 0 1 0 0 9 0 0 9 -17.19 0 11
105 M53 max294.816 3 3 2.786 85.5 8 29.089 6 3 0.001 13.5 9 10.103 15 11 2.316 66 9
106 min -6.619 36 12 -2.458 127.5 9 -15.299 15 11 -0.003 4.5 9 -9.658 7.5 3 -2.786 4.5 8
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

107 M54 max154.496 3 12 6.747 6 8 28.054 3 12 0.001 13.5 9 9.571 7.5 3 6.587 4.5 8
108 min -2.473 138 3 -20.633 0 8 -41.261 4.5 11 -0.003 4.5 9 -10.245 15 11 -2.305 66 9
109 M55 max 0.022 12 12 24.488 12 12 0 12 12 0 12 8 0 0 9 16.689 12 3
110 min -0.006 0 3 -33.379 0 3 0 0 9 0 0 12 0 12 9 -16.69 0 3
111 M56 max 0 12 12 21.767 12 12 0 12 12 0 12 8 0 0 8 11.84 12 3
112 min 0 0 1 -23.679 0 3 0 0 8 0 0 12 0 12 8 -11.84 0 3
113 M57 max 0 12 12 2.962 12 12 0 12 8 0 12 8 0 0 3 1.481 0 12
114 min 0 0 1 -2.473 0 3 -0.001 0 3 0 0 3 0 12 3 -1.481 12 12
115 M58 max361.693 3 3 4.486 136.5 8 0.885 75 3 0.002 75 8 19.129 7.5 11 3.844 75 8
116 min -10.515 4.5 12 -1.883 45 8 -26.975 4.5 11 -0.006 138 8 -16.51 39 11 -4.549 136.5 8
117 M59 max482.694 3 11 2.441 136.5 8 26.975 13.5 11 0.002 75 8 16.51 39 11 2.586 15 8
118 min -0.192 138 3 -3.124 4.5 8 -0.885 66 3 -0.006 138 8 -19.129 7.5 11 -2.306 66 9
119 M60 max 0 12 12 1.349 12 3 0 12 12 0 12 1 0 0 8 33.754 12 11
120 min 0 0 1 -67.508 0 11 0 0 8 0 0 9 0 12 8 -33.754 0 11
121 M61 max 0 12 12 1.396 12 3 0.007 12 8 0 12 1 0.003 12 8 25.857 12 11
122 min 0 0 1 -51.715 0 11 0 0 1 -0.001 0 8 -0.003 0 8 -25.857 0 11
123 M62 max 0 12 12 0.192 12 3 0.012 12 8 0.004 12 8 0.006 12 8 3.007 12 11
124 min 0 0 1 -6.015 0 11 0 0 12 0 0 12 -0.006 0 8 -3.007 0 11
125 M63 max589.372 3 3 3.134 6 8 57.182 6 3 0.001 13.5 9 14.829 39 3 2.307 66 9
126 min -2.366 138 12 -2.458 127.5 9 -18.606 15 11 -0.005 4.5 8 -19.017 7.5 3 -2.588 15 8
127 M64 max200.884 3 12 6.751 6 8 26.023 3 12 0.001 13.5 9 18.846 7.5 3 6.588 4.5 8
128 min -4.782 138 3 -20.634 0 8 -52.868 4.5 11 -0.005 4.5 8 -14.83 39 3 -2.305 66 9
129 M65 max 0.021 12 12 16.037 12 12 0 12 12 0 12 8 0 0 8 32.658 12 3
130 min -0.012 0 3 -65.317 0 3 0 0 8 0 0 12 0 12 8 -32.659 0 3
131 M66 max 0 12 12 15.996 12 12 0 12 12 0 12 1 0 12 9 23.018 12 3
132 min 0 0 1 -46.036 0 3 0 0 1 0 0 12 0 0 9 -23.018 0 3
133 M67 max 0 12 12 2.366 12 12 0 12 11 0 12 1 0 0 12 2.391 12 3
134 min 0 0 1 -4.782 0 3 0 0 12 0 0 12 0 12 12 -2.391 0 3
135 M68 max359.268 3 3 3.128 13.5 8 0.944 70.5 3 0 96 12 19.213 7.5 11 2.307 66 9
136 min -10.444 4.5 12 -2.458 127.5 9 -27.143 7.5 11 0 15 8 -16.549 39 11 -2.589 15 8
137 M69 max 484.78 3 11 2.456 136.5 8 27.143 6 11 0 96 12 16.549 39 11 2.586 15 8
138 min -0.221 138 3 -3.124 4.5 8 -0.944 72 3 0 15 8 -19.213 7.5 11 -2.306 66 9
139 M70 max 0 12 12 1.282 12 3 0 12 12 0 12 8 0 12 12 33.836 12 11
140 min 0 0 1 -67.672 0 11 0 0 1 0 0 12 0 0 1 -33.836 0 11
141 M71 max 0 12 12 1.489 12 3 0 12 12 0 12 1 0 12 9 25.887 12 11
142 min 0 0 1 -51.773 0 11 0 0 1 0 0 12 0 0 9 -25.887 0 11
143 M72 max 0 12 12 0.221 12 3 0 12 11 0 12 1 0 0 12 3.001 12 11
144 min 0 0 1 -6.001 0 11 0 0 12 0 0 12 0 12 12 -3.001 0 11
145 M73 max 5.961 12 3 16.173 12 12 0.007 12 9 0.001 12 9 0.004 12 9 17.532 12 3
146 min -21.094 0 12 -35.307 0 3 0 0 1 0 0 12 -0.004 0 9 -17.774 0 3
147 M74 max 0 12 12 0.772 12 3 0 12 12 0 12 8 0 12 12 27.006 12 11
148 min 0 0 1 -54.012 0 11 0 0 1 0 0 12 0 0 1 -27.006 0 11
149 M75 max 11.641 12 3 6.994 12 12 0.013 12 8 0.002 12 8 0.006 12 8 34.503 12 3
150 min -19.567 0 12 -69.479 0 3 0 0 1 0 0 12 -0.006 0 8 -34.975 0 3
151 M76 max 0 12 12 0.516 12 3 0 12 12 0 12 8 0 0 9 27.139 12 11
152 min 0 0 1 -54.278 0 11 0 0 1 0 0 12 0 12 9 -27.139 0 11
153 M77 max 0 12 12 13.544 12 12 0 12 12 0 12 4 0 12 9 7.807 12 3
154 min 0 0 1 -15.615 0 3 0 0 1 0 0 9 0 0 9 -7.807 0 3
155 M78 max 0 12 12 1.134 12 3 0 12 12 0 12 8 0 0 8 16.485 12 11
156 min 0 0 1 -32.97 0 11 0 0 8 0 0 12 0 12 8 -16.485 0 11
157 M79 max 0 12 12 9.8 12 12 0 12 12 0 12 1 0 12 12 15.113 12 3
158 min 0 0 1 -30.227 0 3 0 0 1 0 0 9 0 0 1 -15.113 0 3
159 M80 max 0 12 12 1.277 12 3 0 12 12 0 12 1 0 12 12 16.469 12 11
160 min 0 0 1 -32.938 0 11 0 0 1 0 0 9 0 0 1 -16.469 0 11
161 M81 max 0 12 12 2.402 12 12 0 12 11 0 12 1 0 0 12 2.387 12 3
162 min 0 0 1 -4.774 0 3 0 0 12 0 0 12 0 12 12 -2.387 0 3
163 M82 max588.996 3 3 2.861 85.5 9 57.061 6 3 0.001 13.5 8 14.801 39 3 2.319 66 9
164 min -2.402 138 12 -2.458 127.5 9 -18.616 15 11 -0.003 4.5 8 -18.984 7.5 3 -2.911 4.5 9
165 M83 max 0.021 12 12 16.561 12 12 0 12 12 0 12 8 0 0 8 32.597 12 3
166 min -0.012 0 3 -65.196 0 3 0 0 8 0 0 12 0 12 8 -32.599 0 3
167 M84 max 0 12 12 16.436 12 12 0 12 12 0 12 8 0 0 9 22.974 12 3
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168 min 0 0 1 -45.947 0 3 0 0 9 0 0 12 0 12 9 -22.974 0 3
169 M85 max 0 12 12 10.074 12 12 0 12 12 0 12 1 0 12 9 15.086 12 3
170 min 0 0 1 -30.172 0 3 0 0 1 0 0 9 0 0 9 -15.086 0 3
171 M86 max202.765 3 12 6.747 6 8 26.144 3 12 0.001 13.5 8 18.814 7.5 3 6.587 4.5 8
172 min -4.774 138 3 -20.633 0 8 -52.884 4.5 11 -0.003 4.5 8 -14.803 39 3 -2.305 66 9
173 M87 max 11.6 12 3 7.521 12 12 0.007 12 8 0.001 12 8 0.004 12 8 34.439 12 3
174 min -19.658 0 12 -69.348 0 3 0 0 1 0 0 12 -0.004 0 8 -34.909 0 3
175 M88 max 0 12 12 0.152 12 3 0.015 12 9 0.006 12 9 0.008 12 9 3.027 12 11
176 min 0 0 1 -6.055 0 11 0 0 12 0 0 12 -0.008 0 9 -3.027 0 11
177 M89 max359.733 3 3 6.643 136.5 9 0.62 70.5 3 0.002 75 9 19.314 7.5 11 3.958 75 9
178 min -10.521 4.5 12 -2.372 117 9 -27.35 7.5 11 -0.008 138 9 -16.659 39 11 -5.914 136.5 9
179 M90 max 0 12 12 0.759 12 3 0 12 12 0 12 1 0 0 9 34.074 12 11
180 min 0 0 1 -68.149 0 11 0 0 9 0 0 9 0 12 9 -34.074 0 11
181 M91 max 0 12 12 0.978 12 3 0.007 12 9 0 12 1 0.004 12 9 26.122 12 11
182 min 0 0 1 -52.245 0 11 0 0 1 -0.001 0 9 -0.004 0 9 -26.122 0 11
183 M92 max 0 12 12 0.868 12 3 0 12 12 0 12 8 0 12 3 16.641 12 11
184 min 0 0 1 -33.282 0 11 0 0 1 0 0 12 0 0 3 -16.641 0 11
185 M93 max484.862 3 11 2.437 136.5 8 27.35 6 11 0.002 75 9 16.659 39 11 2.586 15 8
186 min -0.152 138 3 -3.124 4.5 8 -0.62 72 3 -0.008 138 9 -19.314 7.5 11 -2.306 66 9
187 M94 max 0 12 12 0.179 12 3 0 12 12 0 12 8 0 12 12 27.3 12 11
188 min 0 0 1 -54.6 0 11 0 0 1 0 0 12 0 0 1 -27.3 0 11
189 M95 max 15.683 1.5 11 0 1.5 11 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
190 min -1.849 0 9 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
191 M96 max 7.383 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
192 min -5.777 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
193 M97 max 1.427 1.5 11 0 1.5 4 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
194 min -1.978 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
195 M98 max 3.201 1.5 11 0 1.5 4 0 1.5 12 0.011 1.5 8 0 1.5 12 0 1.5 12
196 min -7.205 0 3 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
197 M99 max 0.465 1.5 9 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
198 min -5.016 0 11 -0.001 0 12 0 0 1 -0.01 0 9 0 0 1 0 0 1
199 M100 max 5.962 1.5 8 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
200 min -2.769 0 11 -0.001 0 12 0 0 1 -5.444 0 9 0 0 1 0 0 1
201 M101 max 0.282 1.5 11 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
202 min -0.218 0 3 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
203 M102 max 1.213 1.5 11 0 1.5 4 0 1.5 12 4.231 1.5 9 0 1.5 12 0 1.5 12
204 min -8.572 0 7 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
205 M103 max 1.267 1.5 8 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
206 min 0.031 0 11 -0.001 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
207 M104 max 0.892 1.5 9 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
208 min -1.144 0 11 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
209 M105 max 1.572 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
210 min -6.693 0 8 -0.001 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
211 M106 max 2.264 1.5 8 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
212 min -0.13 0 11 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
213 M107 max 1.495 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
214 min -1.786 0 9 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
215 M108 max 1.661 1.5 8 0 1.5 4 0 1.5 12 6.347 1.5 9 0 1.5 12 0 1.5 12
216 min 0.17 0 1 -0.001 0 12 0 0 1 0.065 0 12 0 0 1 0 0 1
217 M109 max -1.447 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
218 min -6.307 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
219 M110 max -4.44 1.5 1 0 1.5 9 0 1.5 12 0.446 1.5 9 0 1.5 12 0 1.5 12
220 min -19.449 0 3 0 0 12 0 0 1 -0.002 0 12 0 0 1 0 1.5 9
221 M111 max 31.913 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
222 min 7.316 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
223 M112 max 22.419 1.5 3 0 1.5 12 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
224 min 1.634 0 12 0 0 1 0 0 1 -2.945 0 9 0 0 1 0 0 1
225 M113 max -8.167 1.5 1 0 1.5 11 0 1.5 12 0.563 1.5 9 0 1.5 12 0 1.5 12
226 min -35.624 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
227 M114 max 8.592 1.5 3 0 1.5 9 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
228 min 1.969 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
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229 M115 max -4.197 1.5 1 0 1.5 9 0 1.5 12 0.007 1.5 8 0 1.5 12 0 1.5 12
230 min -18.253 0 10 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
231 M116 max 0.724 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
232 min -0.74 0 12 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
233 M117 max 27.204 1.5 3 0 1.5 9 0 1.5 12 -0.001 1.5 1 0 1.5 12 0 1.5 12
234 min 6.215 0 1 0 0 12 0 0 1 -0.06 0 9 0 0 1 0 1.5 9
235 M118 max -1.008 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
236 min -4.415 0 3 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 1.5 9
237 M119 max 19.639 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
238 min 4.508 0 1 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 1.5 9
239 M120 max -0.857 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
240 min -5.63 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
241 M121 max 3.12 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
242 min 0.718 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
243 M122 max -0.665 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
244 min -2.914 0 10 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 1.5 9
245 M123 max 17.838 1.5 11 0 0.75 3 24.312 0.75 7 0 1.5 1 1.721 0.75 11 0 1.5 12
246 min -16.891 0 11 -0.002 0 12 -27.536 0.75 11 -0.006 0 12 -0.456 0.734 12 0 0.75 3
247 M124 max 26.642 1.5 11 0 0.75 5 168.895 0.75 11 0 1.5 1 10.556 0.75 11 0 1.5 12
248 min -18.402 0 11 -0.001 0 12 -164.037 0.766 11 -0.006 0.75 12 0 1.5 5 0 0.75 2
249 M125 max -0.782 1.5 1 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
250 min -5.493 0 11 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
251 M126 max -0.229 1.5 1 0 1.5 11 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
252 min -3.693 0 11 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
253 M127 max 40.432 1.5 11 0 0.734 4 436.238 0.75 11 0.001 1.5 8 27.265 0.75 11 0 1.5 12
254 min -22.541 0 11 -0.001 0 12 -353.705 0.766 11 -0.006 0 12 0 1.5 5 0 0.75 2
255 M128 max -0.226 1.5 1 0 1.5 9 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
256 min -1.743 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
257 M129 max 35.484 1.5 11 0 0.734 3 316.023 0.75 11 0.001 1.5 8 19.751 0.75 11 0 1.5 12
258 min -21.66 0 11 -0.001 0 12 -281.212 0.766 11 -0.006 0 12 0 1.5 5 0 0.75 3
259 M130 max -0.016 1.5 1 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
260 min -0.183 0 11 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
261 M131 max 11.041 0.734 3 0 0.75 5 172.704 1.5 11 0 0.75 8 0.309 0.766 9 0 1.5 12
262 min -16.641 0.75 3 -0.001 0 12 -277.848 0 11 -0.006 0.75 12 -17.366 0.75 11 0 0.75 3
263 M132 max 14.297 1.5 11 0 0.75 2 23.76 0.75 3 0 0.734 1 2.022 0.75 11 0 1.5 12
264 min -11.658 0 11 -0.001 0.75 12 -32.348 0.75 11 -0.007 0.75 12 -0.477 0.734 12 0 0.75 8
265 M133 max -0.038 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
266 min -2.472 0 11 -0.001 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
267 M134 max 1.282 1.5 11 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
268 min 0.196 0 1 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
269 M135 max 13.397 1.5 12 0 0.734 4 40.11 1.5 11 0 1.5 1 0.435 0.75 9 0 1.5 12
270 min -12.512 0 12 -0.001 0 12 -84.395 0 11 -0.006 0 12 -5.275 0.75 11 0 0.75 7
271 M136 max 19.135 1.5 11 0 0.75 5 25.813 0.75 8 0 0.734 1 1.613 0.75 8 0 1.5 12
272 min -16.571 0 11 -0.001 0.766 12 -30.232 0 12 -0.003 0 12 -1.89 0.75 12 0 0.75 2
273 M137 max -1.215 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
274 min -5.47 0 10 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
275 M138 max -3.333 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
276 min -14.977 0 10 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
277 M139 max 21.384 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
278 min 4.901 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
279 M140 max 25.273 1.5 11 0 1.5 12 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
280 min 4.026 0 1 0 0 1 0 0 1 -0.003 0 12 0 0 1 0 0 1
281 M141 max -7.288 1.5 1 0 1.5 11 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
282 min -31.78 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
283 M142 max 5.896 1.5 10 0 1.5 9 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
284 min 1.346 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
285 M143 max -7.044 1.5 1 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
286 min -30.784 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
287 M144 max 0.61 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
288 min 0.072 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
289 M145 max 16.899 1.5 3 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
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290 min 3.884 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
291 M146 max -0.74 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
292 min -3.769 0 11 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
293 M147 max 9.102 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
294 min 1.916 0 1 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
295 M148 max -1.216 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
296 min -5.316 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
297 M149 max 3.821 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
298 min 0.488 0 12 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
299 M150 max -0.388 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
300 min -2.914 0 11 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
301 M151 max 5.623 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
302 min 0.94 0 1 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
303 M152 max 12.428 1.5 11 0 1.5 4 0 1.5 12 -0.006 1.5 1 0 1.5 12 0 1.5 12
304 min 1.847 0 1 -0.001 0 12 0 0 1 -5.196 0 8 0 0 1 0 0 1
305 M153 max -4.2 1.5 1 0 1.5 4 0 1.5 12 0.011 1.5 8 0 1.5 12 0 1.5 12
306 min -19.756 0 10 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
307 M154 max -0.346 1.5 1 0 1.5 11 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
308 min -26.749 0 11 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
309 M155 max 27.478 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
310 min 5.259 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
311 M156 max -1.167 1.5 1 0 1.5 7 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
312 min -5.581 0 10 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
313 M157 max 26.199 1.5 3 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
314 min 6.032 0 1 -0.001 0 12 0 0 1 -0.01 0 9 0 0 1 0 0 1
315 M158 max 1.404 1.5 12 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
316 min -0.342 0 8 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
317 M159 max -2.471 1.5 1 0 1.5 4 0 1.5 12 4.047 1.5 8 0 1.5 12 0 1.5 12
318 min -13.382 0 11 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
319 M160 max 3.769 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
320 min 0.461 0 1 -0.001 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
321 M161 max -0.29 1.5 12 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
322 min -5.554 0 11 -0.001 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
323 M162 max 6.378 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
324 min 1.143 0 1 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
325 M163 max 0.443 1.5 12 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
326 min -3.093 0 3 -0.001 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
327 M164 max 3.342 1.5 11 0 1.5 4 0 1.5 12 4.843 1.5 8 0 1.5 12 0 1.5 12
328 min 0.209 0 9 -0.001 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
329 M165 max -0.861 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
330 min -3.906 0 10 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
331 M166 max -1.834 1.5 1 0 1.5 9 0 1.5 12 0.344 1.5 8 0 1.5 12 0 1.5 12
332 min -9.209 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
333 M167 max 15.995 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
334 min 3.524 0 1 0 0 12 0 0 1 -0.014 0 9 0 0 1 0 1.5 9
335 M168 max 38.063 1.5 11 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
336 min 1.78 0 1 0 0 12 0 0 1 -2.811 0 8 0 0 1 0 1.5 9
337 M169 max -4.405 1.5 1 0 1.5 9 0 1.5 12 0.542 1.5 8 0 1.5 12 0 1.5 12
338 min -21.604 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
339 M170 max 4.644 1.5 10 0 1.5 9 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
340 min 0.969 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
341 M171 max -4.136 1.5 1 0 1.5 9 0 1.5 12 0.007 1.5 8 0 1.5 12 0 1.5 12
342 min -17.971 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
343 M172 max 0.294 1.5 8 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
344 min -0.16 0 12 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
345 M173 max 12.264 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
346 min 2.566 0 1 0 0 12 0 0 1 -0.045 0 9 0 0 1 0 1.5 9
347 M174 max -0.446 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
348 min -2.19 0 11 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 1.5 9
349 M175 max 6.607 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
350 min 1.382 0 1 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 1.5 9
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

351 M176 max -0.741 1.5 1 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
352 min -3.221 0 3 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
353 M177 max 2.342 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
354 min 0.532 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 1.5 9
355 M178 max -0.309 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
356 min -1.465 0 10 0 0 12 0 0 1 -0.378 0 3 0 0 1 0 1.5 9
357 M179 max304.973 3 10 2.455 136.5 8 44.525 6 12 0.005 4.5 9 14.504 39 12 2.589 15 8
358 min 0.568 142.5 1 -3.133 6 8 -4.798 15 3 -0.001 7.5 8 -15.4 7.5 12 -2.312 66 9
359 M185 max 0 12 12 -5.411 12 1 0 12 12 0 12 1 0 12 12 23.14 12 12
360 min 0 0 1 -46.281 0 12 0 0 1 0 0 12 0 0 1 -23.14 0 12
361 M186 max 92.362 13.5 3 20.641 3 8 17.288 6 11 0.005 6 9 15.002 7.5 12 2.313 66 9
362 min -121.214 4.5 12 -6.746 4.5 8 -37.626 0 11 -0.001 7.5 8 -14.507 39 12 -6.59 4.5 8
363 M187 max 28.291 12 11 -8.071 12 1 0 12 12 0 12 1 0.006 0 8 25.58 12 12
364 min 1.347 0 1 -52.261 0 12 -0.013 0 8 -0.002 0 9 -0.006 12 8 -26.68 0 12
365 M188 max 0 12 12 -0.568 12 1 0 12 11 0 12 1 0 0 12 2.752 12 12
366 min 0 0 1 -5.505 0 12 0 0 12 0 0 12 0 12 12 -2.752 0 12
367 M189 max -0.001 12 1 -7.632 12 1 0 12 8 0 12 8 0 12 8 29.363 12 12
368 min -0.03 0 11 -58.73 0 12 0 0 1 0 0 12 0 0 8 -29.367 0 12
369 M190 max 0 12 12 -3.577 12 1 0 12 12 0 12 1 0 12 12 14.85 12 12
370 min 0 0 1 -29.701 0 12 0 0 1 0 0 9 0 0 1 -14.85 0 12
371 M191 max 0 12 12 2.45 12 3 0 12 11 0 12 1 0 0 12 1.479 12 12
372 min 0 0 1 -2.958 0 12 0 0 12 0 0 12 0 12 12 -1.479 0 12
373 M192 max293.682 3 3 3.134 6 8 28.73 6 3 0.001 13.5 9 10.126 15 11 2.307 66 9
374 min -6.796 36 12 -2.458 127.5 9 -15.33 15 11 -0.005 4.5 8 -9.559 7.5 3 -2.588 15 8
375 M193 max 0.022 12 12 33.021 12 3 0 12 12 0 12 8 0 0 8 16.51 0 3
376 min -0.006 0 3 -24.479 0 12 0 0 8 0 0 12 0 12 8 -16.511 12 3
377 M194 max 0 12 12 23.418 12 3 0 12 12 0 12 1 0 12 9 11.709 0 3
378 min 0 0 1 -21.987 0 12 0 0 1 0 0 12 0 0 9 -11.709 12 3
379 M195 max 0 12 12 15.454 12 3 0 12 12 0 12 1 0 12 12 7.727 0 3
380 min 0 0 1 -13.653 0 12 0 0 1 0 0 9 0 0 1 -7.727 12 3
381 M196 max154.496 3 12 6.751 6 8 28.041 3 12 0.001 13.5 9 9.473 7.5 3 6.588 4.5 8
382 min -2.45 138 3 -20.634 0 8 -41.308 4.5 11 -0.005 4.5 8 -10.269 15 11 -2.305 66 9
383 M197 max 5.839 12 3 34.918 12 3 0.013 12 8 0.002 12 8 0.006 12 8 17.341 0 3
384 min -21.084 0 12 -16.051 0 12 0 0 1 0 0 12 -0.006 0 8 -17.577 12 3
385 M198 max 18.023 1.5 11 0 1.5 11 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
386 min 1.406 0 1 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1
387 M199 max -0.752 1.5 1 0 1.5 11 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
388 min -7.285 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
389 M200 max 2.323 1.5 11 0 1.5 9 0 1.5 12 0.002 1.5 8 0 1.5 12 0 1.5 12
390 min 0.35 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
391 M201 max 8.427 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
392 min 1.292 0 1 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
393 M202 max -0.647 1.5 1 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
394 min -5.63 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
395 M203 max -0.299 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
396 min -3.227 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
397 M204 max 0.13 1.5 8 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
398 min -0.977 0 12 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
399 M205 max 4.059 1.5 11 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
400 min 0.28 0 9 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
401 M206 max -0.046 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
402 min -0.58 0 11 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
403 M207 max -0.208 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
404 min -4.181 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
405 M208 max 2.877 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
406 min 0.275 0 12 0 0 12 0 0 1 -0.007 0 12 0 0 1 0 0 1
407 M209 max -0.022 1.5 9 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
408 min -1.045 0 11 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
409 M210 max 0.992 1.5 11 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
410 min 0.004 0 9 0 0 12 0 0 1 -0.006 0 12 0 0 1 0 0 1
411 M211 max 0.076 1.5 12 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
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RISA-3D Version 23 [ E0 Storage Rack-12-12x48x144 - 14lvls- 5 B… Page 12

Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

412 min -0.218 0 3 0 0 12 0 0 1 -0.003 0 12 0 0 1 0 0 1

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 General Members
2 RIGID 98 147 0
3 Total General 98 147 0
4
5 Hot Rolled Steel
6 Gr-30 0.06X0.75FLAT 10 751.3 0.01
7 Total HR Steel 10 751.3 0.01
8
9 Cold Formed Steel
10 Gr30 S-SERIES-BRC_0.625X4.5X18GA 70 840 0.064
11 Gr30 S-SERIES-UP_1.5X1.12X16GA 28 4032 0.222
12 Total CF Steel 98 4872 0.286
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1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



Code Refrence

Seismic Code : ASCE 7-10

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING

& RMI (AS IT APPLIES)

Dimension

Frame : E1 Max. Shelving Height : 144 in

Width : 36 in Levels : 17

Length : 48 in Shelf type : S-Series Storage Shelving

Double Fixture

Site parameters (ASCE 7 section 11.4)

Site class D (Default)

Mapped acceleration parameters

at short periods Ss = 0.206 at 1 sec. period S1 = 0.106

Site coefficient at short periods Fa = 1.600 at 1 sec. period Fv = 2.376

Spectral response accelaration parameters (ASCE 7 section 11.4)

at short periods 0.071 0.050

Calc. SMS = 0.330 at 1 sec. period Calc. SM1 = 0.252

Design spectral acceleration parameters (ASCE 7 section 11.4)

at short periods SDS = 0.220 at 1 sec. period SD1 = 0.168

Seismic design category (ASCE 7 section 11.6)

Risk Category II

Seismic design category C

Approximate fundamental period (ASCE 7 section 12.8.2.1)

Height above base to highest level hn = 12.00 ft

Structure Type 4

Long-period transition TL = 12 Figs. 22-14 thru 22-17

Building period parameter Ct Ct = 0.020

Building period parameter x x = 0.75

Building fundamental period T = Ta = 0.129 sec.

Exponent related to structure period k = 1 since Ta ≤ 0.50 sec

Seismic response coefficient (ASCE 7 section 15.5 & RMI 2.6.3)

Response modification factor (Transverse) R = 4

Response modification factor (Longitudinal) R = 6

Seismic importance factor Ie = 1.5 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

Redundancy factor ρ = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

Cd = 3.5

SEISMIC DESIGN FRAME E1 18''/18''B x 48''L x 144''H S-Series Storage Shelving

SEISMIC FORCES
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Operating Weight (RMI 2.1 & ASCE 7 section 15.5)

Loads

DL : 5 psf

Height/LVL
Input Shelf 

Load (PL)

Calculate

d

8.38 (lbs.) (lbs.)

17 8.38 150 150

16 8.38 150 150

15 8.38 150 150

14 8.38 150 150

13 8.38 150 150

12 8.38 150 150

11 8.38 150 150

10 8.38 150 150

9 8.38 150 150

8 8.38 150 150

7 8.38 150 150

6 8.38 150 150

5 8.38 150 150

4 8.38 150 150

3 8.38 150 150

2 8.38 150 150

1 4.00 150 150

Total PL : 2,550

DL =  5 PSF x 3 FT x 4 FT x 17 SHELVES = 1,020.00 lbs

PL app = 2,550 LBS x 0.67 = 1,708.50 lbs

PL (top shelf) = 150.00 lbs

Ws = DL+67%PL+0.25LL (Per Storage Rack Section)

67%PL (every shelf loaded 67% of its rated load)(PL app)

100%PL (top shelf only loaded 100% of its rated load)

VBASE = Cs  Ws

Seismic base shear (ASCE 7 section 12.8)

Transverse Longitudinal

Seismic response coefficient Cs = 0.082 0.055

Seismic response coefficient max. Cs, MAX = 0.488 0.326

Seismic response coefficient min. Cs, MIN = 0.015 0.015

Seismic response coefficient (Governs) Cs = 0.082 0.055

LOAD COMBINATION ASD (RMI 2.1)

WLC Ws E (factor)
VBASE 

Transverse

VBASE 

Longitudinal

DL+0.67PL+0.75(0.7ρE) 2,728.50 2,728.50 0.525 118 79

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 2,958.97 2,728.50 0.525 118 79

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 2,623.54 2,728.50 0.700 157 105 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 1,553.16 2,728.50 0.700 157 105

Seismic base shear VBASE MAX. CONTROL 157 105

Ws CONTROL= 2,623.54 LBS

Anchors in accordance with ACI318 Sec.17 Ωο  = 2.0

Transverse Longitudinal

VBASE 67%PL  = 157 105 lbs

VBASE 100%PL TOP x 0.7ρ= 68 45 lbs

LEVEL

(ACI318 Sec.17; ASCE7 Table 15.4-1)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

17 154.33 11.50 1774.88 0.11 17.99 12.00

16 154.33 10.80 1667.10 0.11 16.90 11.27

15 154.33 10.10 1559.33 0.10 15.81 10.54

14 154.33 9.41 1451.63 0.09 14.72 9.81

13 154.33 8.71 1343.92 0.09 13.63 9.08

12 154.33 8.01 1236.21 0.08 12.53 8.36

11 154.33 7.31 1128.51 0.07 11.44 7.63

10 154.33 6.61 1020.80 0.07 10.35 6.90

9 154.33 5.92 913.09 0.06 9.26 6.17

8 154.33 5.22 805.39 0.05 8.17 5.44

7 154.33 4.52 697.68 0.04 7.07 4.72

6 154.33 3.82 589.97 0.04 5.98 3.99

5 154.33 3.13 482.27 0.03 4.89 3.26

4 154.33 2.43 374.56 0.02 3.80 2.53

3 154.33 1.73 266.86 0.02 2.71 1.80

2 154.33 1.03 159.15 0.01 1.61 1.08

1 154.33 0.33 51.44 0.00 0.52 0.35

Σ 2623.54 Σ 15522.80 Base : 157.38 104.92

PSTATIC = 655.88 lbs per post COMP.MAX = 893 lbs per post

VBASE 67%PL (Transverse): 157 lbs Σ (FX * h) (Transverse) : 14,906 lbs-in

VBASE 67%PL (Longitudinal): 105 lbs Σ (FX * h) (Longitudinal) : 9,937 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION - FRAME E1 (CONTINUED)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

17 210.00 11.50 2415.18 0.31 21.16 14.01

16 60.00 10.80 648.15 0.08 5.68 3.76

15 60.00 10.10 606.25 0.08 5.31 3.52

14 60.00 9.41 564.38 0.07 4.95 3.27

13 60.00 8.71 522.50 0.07 4.58 3.03

12 60.00 8.01 480.63 0.06 4.21 2.79

11 60.00 7.31 438.75 0.06 3.84 2.54

10 60.00 6.61 396.88 0.05 3.48 2.30

9 60.00 5.92 355.00 0.05 3.11 2.06

8 60.00 5.22 313.13 0.04 2.74 1.82

7 60.00 4.52 271.25 0.03 2.38 1.57

6 60.00 3.82 229.38 0.03 2.01 1.33

5 60.00 3.13 187.50 0.02 1.64 1.09

4 60.00 2.43 145.63 0.02 1.28 0.84

3 60.00 1.73 103.75 0.01 0.91 0.60

2 60.00 1.03 61.88 0.01 0.54 0.36

1 60.00 0.33 20.00 0.00 0.18 0.12

Σ 1170.00 Σ 7760.20 Base : 68.00 45.00

VBASE 100%PL TOP (Transverse): 68 LBS Σ (FX * h) (Transverse) : 7,095 lbs-in

VBASE 100%PL TOP (Longitudinal): 45 LBS Σ (FX * h) (Longitudinal) : 4,695 lbs-in

SEISMIC LATERAL FORCE DISTRIBUTION TOP SHELF LOADED - FRAME E1 (CONTINUED)
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CROSS BRACE DESIGN:

MAX. FORCE IN CROSS BRACE IN LONGITUDINAL DIRECTION

Fy = 30,000 PSI

CROSS BRACE AT EVERY 4 RACKS

(RISA3D) T MAX = 369.131 LBS

A REQD = 0.021 IN
2

A ACTUAL =  3/4'' x 0.06'' = 0.045 IN
2 OK

SHEAR CAPACITY OF #8X5/8" SCREWS (AISI 2002 TABLE IV 8a)

(16 GA BRACE IN CONTACT & 16 GA UPRITE NOT IN CONTACT )

PnS = 1.62 No. of Screws = 1

V ALLOW = PnS / Ω where, Ω = 3

V ALLOW = 1 x 1.62 /3 = 0.54 KIPS = 540 LBS

V ALLOW (SEISMIC) = 1.0 * VALLOW = 540 > VMAX.  = 369 LBS

OK

COMPONENT DESIGN FOR PROFILE E1

USE CROSS BRACE AT EVERY 4 RACKS.

    369.13  /  ( 0.6  x  30000 PSI )   =
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TRANSVERSE DIRECTION HORIZONTAL BRACE DESIGN:

(RISA3D) P MAX. : 58 LBS

Unbrace Lx : 18 IN

Unbrace Ly : 18 IN

AREA = 0.269 IN
2

Fy = 30,000 PSI

Ix = 0.628 IN
4

Iy = 0.005 IN
4

Sx = 0.279 IN
3

Sy = 0.010 IN
3

rx = 1.527 IN ry = 0.140 IN

Cmx= 1.00 Kx = 1.7

Ky = 1.0

kLx = (1.7)(18) = 20.04

rx 1.527

kLy = (1)(18) = 128.57 <-- CONTROLS

ry 0.14

Fa = π2
 * E = 17314 PSI

(Kl/r)
2

λc = (Fy / Fa)
1/2 = 1.32 <1.5

= 14527 PSI

Pn = Aeff x Fn = 3908 LBS

P = Pn / Ω

where, Ωc = 1.80

P = 2171 LBS

PMAX. / P = 0.03  ( 1 ) <------------------

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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(RISA3D) M MAX = 89.35 LBS-FT

Mn = Sx x Fy = 8370.00 LBS-IN

M = Mn/Ω

where, Ωb = 1.67

M = 5012 LBS-IN

MMAX / M = 0.21 ( 2 ) <------------------

( 1 ) + ( 2 ) = 0.24 < 1.0 OK
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SECTION PROPERTIES MAX HT = 144 IN

SIZE = 1.12"x1.5"x16ga Fy = 30 ksi

t = 16 GA E = 29,500 ksi

AREA = 0.194 in
2

Iy = 0.027 in
4

Ix = 0.050 in
4

Sy = 0.048 in
3

Sx = 0.056 in
3

ry = 0.374 in

rx = 0.508 in Ωc= 1.80

Cmx= 1.00 Ωb= 1.67

Unbrace Lx-x = 8.38 in Kx = 1.0 (RMI Sec. 6.3.1.2)

Unbrace Ly-y = 10.25 in Ky = 1.7 (RMI Sec. 6.3.1.1)

δSE = 0.14 IN

δX = 0.33 IN < 5% Structural Height  OK

P = 885 lbs

kLx (1)(8.38) kLy (1.7)(10.25)

rx 0.508in ry 0.374in

π2
 * E π2

 * E

(Klx/rx)
2

(Kly/ry)
2

λc = (Fy / Fax)
1/2 = 0.17 <1.5 λc = (Fy / Fay)

1/2 = 0.47 <1.5

= 29650 psi = 27319 psi

Pn = AREA * Fn = 5752 lbs Pn = AREA * Fn = 5300 lbs

PEX = (π2
EIX) / (KXLX)

2
= 207302 lbs PEY = (π2

EIY) / (KYLY)
2

= 25890 lbs

αx = 1 − (ΩcPx/Pex) = 0.99 αy = 1 − (ΩcPx/Pey) = 0.94

MAX MOMENT IN COLUMN

Mx = MSTATIC + MSEISMIC = 0.02 lbs-ft Mnx = Sx * Fy = 140.00 lbs-ft

My = MSTATIC + MSEISMIC = 46.68 lbs-ft Mny = Sy * Fy = 120.00 lbs-ft

COMBINED STRESS (fa/Fa + fb/Fb)

(ΩcP/Pn) + (ΩbCmxMx/Mnαx) + (ΩbCmyMy/Mnyαy) = 0.99 < 1.0 THEREFORE UPRITE IS OK

= = 134128 psiFay 

COLUMN DESIGN FOR FRAME - E1

COLUMN SECTION

= = 16.50 = = 46.59

Fax = = 1069944 PSI

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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JPH & CLARK, Inc

AA

26-460 Advanced Auto Parts

Frame E1 (18"/18"Bx48"Lx144"H) - Sseries

Nodes Layout

SK-1

Sep 01, 2026 at 05:37 PM

E1 Storage Rack-18-18x48x144 - 17lvls- 5 …
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Column Labels

SK-2

Sep 01, 2026 at 05:39 PM

E1 Storage Rack-18-18x48x144 - 17lvls- 5 …
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DL + LL

SK-3

Sep 01, 2026 at 05:41 PM
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Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A570 Gr.33 29500 11346 0.3 0.65 0.49 33 52
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70
3 A653 SS Gr33 29500 11346 0.3 0.65 0.49 33 45
4 A653 SS Gr50/1 29500 11346 0.3 0.65 0.49 50 65
5 Gr45 29500 11346 0.3 0.65 0.49 45 57
6 Gr30 29000 11346 0.3 0.65 0.49 30 38

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 SS-UP S-SERIES-UP_1.5X1.12X16GA Column CU Gr30 Typical 0.194 0.05 0.027 0.000279
2 SS-BRC S-SERIES-BRC_0.625X4.5X18GA HBrace CU Gr30 Typical 0.269 0.005 0.628 0.000205

Basic Load Cases

BLC Description Category Nodal Surface(Plate/Wall)

1 DL DL 204
2 PL LL 204
3 Earthquake Load Z ELZ 17
4 Earthquake Load X ELX 17
5 Earthquake Load Z Plus X Eccentr ELZ+X 17
6 Earthquake Load Z Minus X Eccent ELZ-X 17
7 Earthquake Load X Plus Z Eccentr ELX+Z 17
8 Earthquake Load X Minus Z Eccent ELX-Z 17

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 DL 1 Sds*DL 0.105 LL 0.735 LL 0.008 Rho*ELX 0.525
8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.01 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.01 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.008 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.01 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.01 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.015 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.015 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.015 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.015 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.014 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.014 Om*ELZ 1
20 AB-FLC7-7 DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.014 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.014 Om*ELZ -1

Node Loads and Enforced Displacements (BLC 3 : Earthquake Load Z)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N676A L Z 87.556
2 N677A L Z 82.242
3 N678A L Z 76.928
4 N679A L Z 71.614
5 N680A L Z 66.301
6 N681A L Z 60.987
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Node Loads and Enforced Displacements (BLC 3 : Earthquake Load Z) (Continued)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

7 N682A L Z 55.673
8 N683A L Z 50.359
9 N684A L Z 45.045
10 N685A L Z 39.731
11 N686A L Z 34.417
12 N687A L Z 29.103
13 N688A L Z 23.789
14 N689A L Z 18.476
15 N690A L Z 13.162
16 N691A L Z 7.848
17 N692A L Z 2.534

Node Loads and Enforced Displacements (BLC 4 : Earthquake Load X)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N676A L X 58.371
2 N677A L X 54.828
3 N678A L X 51.286
4 N679A L X 47.743
5 N680A L X 44.2
6 N681A L X 40.658
7 N682A L X 37.115
8 N683A L X 33.573
9 N684A L X 30.03
10 N685A L X 26.487
11 N686A L X 22.945
12 N687A L X 19.402
13 N688A L X 15.86
14 N689A L X 12.317
15 N690A L X 8.774
16 N691A L X 5.232
17 N692A L X 1.689

Node Loads and Enforced Displacements (BLC 5 : Earthquake Load Z Plus X Eccentr)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N693A L Z 87.556
2 N694A L Z 82.242
3 N695A L Z 76.928
4 N696A L Z 71.614
5 N697A L Z 66.301
6 N698A L Z 60.987
7 N699A L Z 55.673
8 N700A L Z 50.359
9 N701A L Z 45.045
10 N702A L Z 39.731
11 N703A L Z 34.417
12 N704A L Z 29.103
13 N705A L Z 23.789
14 N706A L Z 18.476
15 N707A L Z 13.162
16 N708A L Z 7.848
17 N709A L Z 2.534

Node Loads and Enforced Displacements (BLC 6 : Earthquake Load Z Minus X Eccent)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N710A L Z 87.556
2 N711A L Z 82.242
3 N712A L Z 76.928
4 N713A L Z 71.614
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Node Loads and Enforced Displacements (BLC 6 : Earthquake Load Z Minus X Eccent) (Continued)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

5 N714A L Z 66.301
6 N715A L Z 60.987
7 N716A L Z 55.673
8 N717A L Z 50.359
9 N718A L Z 45.045
10 N719A L Z 39.731
11 N720A L Z 34.417
12 N721A L Z 29.103
13 N722A L Z 23.789
14 N723A L Z 18.476
15 N724A L Z 13.162
16 N725A L Z 7.848
17 N726A L Z 2.534

Node Loads and Enforced Displacements (BLC 7 : Earthquake Load X Plus Z Eccentr)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N727A L X 58.371
2 N728A L X 54.828
3 N729A L X 51.286
4 N730A L X 47.743
5 N731A L X 44.2
6 N732A L X 40.658
7 N733A L X 37.115
8 N734A L X 33.573
9 N735A L X 30.03
10 N736A L X 26.487
11 N737A L X 22.945
12 N738A L X 19.402
13 N739A L X 15.86
14 N740A L X 12.317
15 N741A L X 8.774
16 N742A L X 5.232
17 N743A L X 1.689

Node Loads and Enforced Displacements (BLC 8 : Earthquake Load X Minus Z Eccent)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N744A L X 58.371
2 N745A L X 54.828
3 N746A L X 51.286
4 N747A L X 47.743
5 N748A L X 44.2
6 N749A L X 40.658
7 N750A L X 37.115
8 N751A L X 33.573
9 N752A L X 30.03
10 N753A L X 26.487
11 N754A L X 22.945
12 N755A L X 19.402
13 N756A L X 15.86
14 N757A L X 12.317
15 N758A L X 8.774
16 N759A L X 5.232
17 N760A L X 1.689
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Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 0 12 588.171 3 0 12 0 12 0 12 0 12
2 min 0 1 0 9 0 1 0 1 0 1 0 1
3 N10 max 0 12 834.712 8 0 12 0 12 0 12 0 12
4 min 0 1 148.756 1 0 1 0 1 0 1 0 1
5 N19 max 0 12 1172.294 3 0 12 0 12 0 12 0 12
6 min 0 1 226.896 1 0 1 0 1 0 1 0 1
7 N27 max 0 12 821.461 10 0 12 0 12 0 12 0 12
8 min 0 1 148.613 1 0 1 0 1 0 1 0 1
9 N47 max 0 12 1167.271 3 0 12 0 12 0 12 0 12
10 min 0 1 107.857 9 0 1 0 1 0 1 0 1
11 N59 max 0 12 852.176 8 0 12 0 12 0 12 0 12
12 min 0 1 150.571 1 0 1 0 1 0 1 0 1
13 N77 max 0.177 11 408.706 3 -4.681 1 0 12 0 12 0 12
14 min -46.515 9 30.346 12 -83.9 11 0 1 0 1 0 1
15 N78 max 0 12 813.176 3 0 12 0 12 0 12 0 12
16 min 0 1 67.538 12 0 1 0 1 0 1 0 1
17 N94 max 0.177 11 207.966 3 -2.382 1 0 12 0 12 0 12
18 min -46.514 9 -56.248 12 -75.205 11 0 1 0 1 0 1
19 N96 max 0 12 806.789 3 0 12 0 12 0 12 0 12
20 min 0 1 66.9 12 0 1 0 1 0 1 0 1
21 N104 max 0.177 11 408.142 3 -4.677 1 0 12 0 12 0 12
22 min -46.514 9 29.258 12 -84.294 11 0 1 0 1 0 1
23 N108 max 0 12 808.638 3 0 12 0 12 0 12 0 12
24 min 0 1 63.009 12 0 1 0 1 0 1 0 1
25 N111 max 0 12 583.237 3 0 12 0 12 0 12 0 12
26 min 0 1 103.74 12 0 1 0 1 0 1 0 1
27 N112 max 0.256 11 287.326 11 12.298 3 0 12 0 12 0 12
28 min -46.447 9 40.115 1 -61.522 12 0 1 0 1 0 1
29 N121 max 0 12 773.413 3 0 12 0 12 0 12 0 12
30 min 0 1 52.538 12 0 1 0 1 0 1 0 1
31 N122 max 0 12 851.652 10 0 12 0 12 0 12 0 12
32 min 0 1 156.307 1 0 1 0 1 0 1 0 1
33 N131 max 0 12 1172.336 3 0 12 0 12 0 12 0 12
34 min 0 1 226.904 1 0 1 0 1 0 1 0 1
35 N132 max 0.256 11 433.69 10 24.188 3 0 12 0 12 0 12
36 min -46.448 9 79.096 1 -56.978 12 0 1 0 1 0 1
37 N141 max 0 12 767.795 3 0 12 0 12 0 12 0 12
38 min 0 1 48.197 12 0 1 0 1 0 1 0 1
39 N142 max 0 12 857.63 10 0 12 0 12 0 12 0 12
40 min 0 1 157.396 1 0 1 0 1 0 1 0 1
41 N169 max 0 12 1172.284 3 0 12 0 12 0 12 0 12
42 min 0 1 226.894 1 0 1 0 1 0 1 0 1
43 N170 max 0.256 11 434.542 10 24.182 3 0 12 0 12 0 12
44 min -46.447 9 79.106 1 -57.368 12 0 1 0 1 0 1
45 N183 max 0 12 773.208 3 0 12 0 12 0 12 0 12
46 min 0 1 48.359 12 0 1 0 1 0 1 0 1
47 N184 max 0 12 854.964 10 0 12 0 12 0 12 0 12
48 min 0 1 156.347 1 0 1 0 1 0 1 0 1
49 N666 max 0 12 583.283 3 0 12 0 12 0 12 0 12
50 min 0 1 112.893 1 0 1 0 1 0 1 0 1
51 N680 max 0.177 11 207.217 3 -2.38 1 0 12 0 12 0 12
52 min -46.515 9 -59.741 12 -76.384 11 0 1 0 1 0 1
53 N685 max 0 12 583.079 3 0 12 0 12 0 12 0 12
54 min 0 1 100.482 12 0 1 0 1 0 1 0 1
55 N686 max 0.256 11 290.702 11 12.281 3 0 12 0 12 0 12
56 min -46.448 9 40.146 1 -62.691 12 0 1 0 1 0 1
57 N366 max NC NC NC NC NC LOCKED
58 min NC NC NC NC NC LOCKED
59 N12 max NC NC NC NC NC NC
60 min NC NC NC NC NC NC
61 Totals: max 1.732 11 18972.014 3 0.682 8
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Envelope Node Reactions (Continued)

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

62 min -371.848 9 3672.003 1 -539.326 12

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max588.171 3 3 22.988 78 8 95.886 4.5 11 0.001 6 9 29.558 39 11 8.858 6 8
2 min -10.415 4.5 9 -186.331 4.5 8 -12.452 13.5 3 -0.002 72 8 -31.843 7.5 11 -7.401 70.5 8
3 M2 max834.712 3 8 57.164 141 8 53.54 12 11 0.013 144 8 29.949 39 11 10.733 139.5 8
4 min -3.255 142.5 9 -11.044 72 8 -14.985 73.5 9 0 73.5 8 -34.288 7.5 11 -7.419 72 8
5 M3 max 0 81.91 12 0 81.91 12 0 81.91 12 0 0 12 0 81.91 12 0 81.91 12
6 min -337.846 0 8 0 0 1 0 0 1 0 0 9 0 0 1 0 0 1
7 M4 max 0 81.91 9 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12
8 min -1.611 0 11 0 0 1 0 0 1 0 81.91 1 0 0 1 0 0 1
9 M5 max 0 81.92 12 0 81.92 12 0 81.92 12 0 81.92 8 0 81.92 12 0 81.92 12
10 min -97.59 0 8 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
11 M6 max 0 81.92 9 0 81.92 12 0 81.92 12 0 0 9 0 81.92 12 0 81.92 12
12 min -6.956 0 3 0 0 1 0 0 1 0 0 11 0 0 1 0 0 1
13 M7 max1172.294 3 3 5.657 138 8 155.926 6 10 0.006 4.5 9 38.786 39 11 5.889 12 9
14 min 2.184 142.5 1 -8.845 6 9 -24.467 13.5 3 -0.002 7.5 8 -46.581 7.5 10 -6.062 70.5 9
15 M8 max821.461 3 10 5.657 138 8 54.072 12 11 0 141 9 30.236 39 11 5.89 12 9
16 min 0.098 142.5 1 -8.842 6 9 -0.793 7.5 9 0 21 8 -34.583 7.5 11 -6.062 70.5 9
17 M9 max 0 48 12 0 48 12 0 48 12 0 48 12 0 48 12 0 48 12
18 min 0 0 1 0 0 1 0 0 1 0 0 11 0 0 1 0 0 1
19 M10 max1167.271 3 3 35.089 78 9 156.114 4.5 10 0.001 75 9 38.953 39 11 9.537 6 9
20 min 2.19 139.5 1 -202.799 4.5 9 -24.445 13.5 3 -0.003 72 9 -46.681 7.5 10 -8.102 72 9
21 M11 max852.176 3 8 80.404 141 9 54.469 4.5 11 0.019 144 9 30.377 39 11 15.097 139.5 9
22 min -3.766 142.5 9 -15.706 130.5 9 -14.645 73.5 9 0 73.5 8 -34.837 7.5 11 -7.625 72 9
23 M12 max 0 48 12 0 48 12 0 48 12 0 0 11 0 48 12 0 48 12
24 min 0 0 1 0 0 1 0 0 1 0 0 12 0 0 1 0 0 1
25 M13 max 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12 0 81.91 12
26 min 0 0 1 0 0 1 0 0 1 0 0 6 0 0 1 0 0 1
27 M14 max 0 81.92 12 0 81.92 12 0 81.92 12 0 0 12 0 81.92 12 0 81.92 12
28 min 0 0 1 0 0 1 0 0 1 0 81.92 1 0 0 1 0 0 1
29 M15 max -0.132 81.92 12 0 81.92 12 0 81.92 12 0 81.92 11 0 81.92 12 0 81.92 12
30 min -137.265 0 9 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
31 M16 max 0 81.91 12 0 81.91 12 0 81.91 12 0 0 12 0 81.91 12 0 81.91 12
32 min -369.131 0 9 0 0 1 0 0 1 0 0 8 0 0 1 0 0 1
33 M17 max806.789 3 3 8.839 12 9 14.985 78 9 0.013 144 8 34.288 7.5 11 6.079 70.5 9
34 min -8.716 139.5 11 -5.62 130.5 9 -53.54 4.5 11 0 73.5 8 -29.949 39 11 -5.896 12 9
35 M18 max 0 18 8 17.073 18 9 0 18 12 0 18 4 0.003 0 9 50.652 18 11
36 min 0 0 1 -67.536 0 11 -0.005 0 9 -0.001 0 9 -0.003 18 9 -50.652 0 11
37 M19 max 0 18 12 0.586 18 9 0 18 12 0 18 8 0 0 9 50.372 18 11
38 min 0 0 1 -67.163 0 11 0 0 1 0 0 9 0 18 9 -50.372 0 11
39 M20 max243.648 12 3 46.514 3 9 29.743 6 12 0.001 6 9 30.291 7.5 11 6.079 70.5 9
40 min -66.326 4.5 12 -17.995 4.5 9 -75.205 0 11 -0.002 72 8 -29.565 39 11 -14.733 4.5 9
41 M21 max479.179 12 3 46.515 3 9 23.958 19.5 3 0.006 6 9 45.142 7.5 10 6.079 70.5 9
42 min -12.487 139.5 10 -18 4.5 9 -136.846 7.5 3 -0.002 7.5 8 -38.794 39 11 -14.734 4.5 9
43 M22 max813.176 3 3 8.839 12 9 0.793 6 9 0 144 9 34.583 7.5 11 6.079 70.5 9
44 min -8.847 139.5 11 -5.652 130.5 8 -54.072 4.5 11 0 21 8 -30.236 39 11 -5.896 12 9
45 M23 max478.519 12 3 46.514 3 9 23.936 19.5 3 0 78 9 45.235 7.5 10 6.079 70.5 9
46 min -12.534 139.5 10 -17.994 7.5 9 -136.733 7.5 3 -0.003 72 9 -38.961 39 11 -14.733 4.5 9
47 M24 max808.638 3 3 8.839 12 9 14.645 78 9 0.019 144 9 34.837 7.5 11 6.078 70.5 9
48 min -8.807 139.5 11 -5.61 130.5 8 -54.469 7.5 11 0 73.5 8 -30.377 39 11 -5.896 12 9
49 M25 max 0 18 12 44.769 18 11 0 18 12 0 18 8 0 18 8 33.577 0 11
50 min 0 0 1 6.297 0 1 0 0 1 0 0 9 0 0 8 -33.577 18 11
51 M26 max 0.035 18 11 112.574 18 11 0 18 12 0 18 8 0 0 9 84.428 0 11
52 min 0.002 0 1 17.462 0 1 0 0 1 0 0 9 0 18 9 -84.433 18 11
53 M27 max 0 18 12 11.15 18 9 0 18 12 0 18 8 0 0 9 61.819 18 11
54 min 0 0 1 -82.426 0 11 0 0 1 0 0 9 0 18 9 -61.819 0 11
55 M28 max 0 18 12 12.487 18 10 0 18 12 0 18 8 0 0 9 9.365 0 10
56 min 0 0 1 2.184 0 1 0 0 9 0 0 9 0 18 9 -9.365 18 10
57 M29 max 0 18 9 8.434 18 11 0.001 18 3 0.001 18 3 0.001 18 3 6.326 0 11
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

58 min 0 0 11 1.115 0 1 0 0 9 0 0 9 -0.001 0 3 -6.326 18 11
59 M30 max 0 18 12 3.255 18 9 0 18 12 0 18 4 0.013 0 8 6.537 18 11
60 min 0 0 1 -8.716 0 11 -0.018 0 8 -0.01 0 8 -0.013 18 8 -6.537 0 11
61 M31 max 0 18 12 -0.098 18 1 0 18 12 0 18 8 0 0 9 6.635 18 11
62 min 0 0 1 -8.847 0 11 0 0 9 0 0 9 0 18 9 -6.635 0 11
63 M32 max 0.032 18 11 81.11 18 11 0 18 12 0 18 8 0 0 9 60.83 0 11
64 min 0.001 0 1 8.927 0 1 0 0 1 0 0 9 0 18 9 -60.835 18 11
65 M33 max 0 18 12 65.354 18 11 0.003 18 8 0.001 18 8 0.002 18 8 49.015 0 11
66 min 0 0 1 7.167 0 1 0 0 1 0 0 11 -0.002 0 8 -49.015 18 11
67 M34 max 0 18 9 16.898 18 9 0 18 1 0 18 1 0.003 0 8 50.083 18 11
68 min 0 0 11 -66.777 0 11 -0.004 0 8 0 0 9 -0.003 18 8 -50.083 0 11
69 M35 max 0 18 12 90.65 18 11 0 18 12 0 18 8 0 18 8 67.987 0 11
70 min 0 0 1 13.987 0 1 0 0 1 0 0 9 0 0 8 -67.987 18 11
71 M36 max 0 18 12 -0.31 18 1 0 18 12 0 18 8 0 18 12 62.444 18 11
72 min 0 0 1 -83.259 0 11 0 0 1 0 0 9 0 0 1 -62.444 0 11
73 M37 max 0 18 12 -0.43 18 1 0 18 3 0 18 3 0 18 3 50.618 18 11
74 min 0 0 1 -67.491 0 11 0 0 1 0 0 9 0 0 3 -50.618 0 11
75 M38 max 51.806 18 11 74.108 18 11 0 18 11 0 18 10 0.001 0 9 54.454 0 11
76 min 1.641 0 1 11.288 0 1 -0.001 0 9 -0.002 0 9 -0.001 18 9 -56.707 18 11
77 M39 max 0 18 9 5.434 18 9 0 18 12 0 18 8 0 0 11 49.922 18 11
78 min 0 0 12 -66.562 0 11 0 0 1 0 0 9 0 18 10 -49.922 0 11
79 M40 max 57.795 18 11 117.547 18 10 0 18 11 0 18 10 0.008 0 9 87.116 0 10
80 min 3.224 0 1 22.175 0 1 -0.01 0 9 -0.002 0 9 -0.008 18 9 -89.205 18 10
81 M41 max 0 18 12 16.379 18 9 0 18 12 0 18 4 0 0 9 34.608 18 11
82 min 0 0 1 -46.144 0 11 0 0 1 0 0 9 0 18 9 -34.608 0 11
83 M42 max 0 18 12 68.078 18 10 0 18 12 0 18 4 0 0 9 51.059 0 10
84 min 0 0 1 12.287 0 1 0 0 1 0 0 9 0 18 9 -51.059 18 10
85 M43 max 0 18 12 -0.498 18 1 0 18 12 0 18 4 0 0 9 35.043 18 11
86 min 0 0 1 -46.723 0 11 0 0 1 0 0 9 0 18 9 -35.043 0 11
87 M44 max 0 18 12 91.005 18 11 0.005 18 9 0.002 18 9 0.003 18 9 68.254 0 11
88 min 0 0 1 14.028 0 1 0 0 1 0 0 12 -0.003 0 9 -68.254 18 11
89 M45 max 0 18 12 12.534 18 10 0 18 12 0 18 8 0 0 9 9.401 0 10
90 min 0 0 1 2.19 0 1 0 0 9 0 0 9 0 18 9 -9.401 18 10
91 M46 max 0.036 18 11 112.999 18 11 0 18 12 0 18 8 0 18 12 84.747 0 11
92 min 0.002 0 1 17.475 0 1 0 0 1 0 0 9 0 0 1 -84.752 18 11
93 M47 max 58.067 18 11 117.731 18 10 0.001 18 9 0 18 10 0 18 9 87.249 0 10
94 min 3.222 0 1 22.156 0 1 0 0 8 -0.001 0 8 0 0 9 -89.347 18 10
95 M48 max 0 18 12 68.258 18 10 0 18 12 0 18 8 0 18 8 51.194 0 10
96 min 0 0 1 12.325 0 1 0 0 1 0 0 9 0 0 8 -51.194 18 10
97 M49 max 0 18 12 0.936 18 8 0 18 12 0 18 8 0 0 9 50.742 18 11
98 min 0 0 1 -67.656 0 11 0 0 1 0 0 9 0 18 9 -50.742 0 11
99 M50 max 0 18 4 3.766 18 9 0 18 12 0 18 12 0.019 0 9 6.605 18 11
100 min 0 0 11 -8.807 0 11 -0.025 0 9 -0.015 0 9 -0.019 18 9 -6.605 0 11
101 M51 max 0 18 12 8.942 18 9 0 18 12 0 18 8 0 0 9 62.7 18 11
102 min 0 0 1 -83.6 0 11 0 0 1 0 0 9 0 18 9 -62.7 0 11
103 M52 max 0 18 12 17.466 18 9 0 18 12 0 18 4 0 0 9 34.857 18 11
104 min 0 0 1 -46.477 0 11 0 0 9 0 0 9 0 18 9 -34.857 0 11
105 M53 max583.237 3 3 6.987 78 8 79.035 6 3 0.001 12 9 22.402 12 11 7.399 70.5 8
106 min -1.978 139.5 12 -6.371 63 8 -31.738 13.5 11 -0.003 4.5 9 -21.308 7.5 3 -5.816 4.5 8
107 M54 max287.326 3 11 17.999 6 8 61.522 3 12 0.001 12 9 21.054 7.5 3 14.711 4.5 9
108 min -5.84 139.5 3 -46.447 0 9 -97.815 4.5 11 -0.003 4.5 9 -22.949 12 11 -6.059 70.5 9
109 M55 max 0.005 18 3 29.741 18 12 0 18 12 0 18 8 0 18 12 34.657 18 3
110 min -0.026 0 12 -46.21 0 3 0 0 1 0 0 9 0 0 1 -34.658 0 3
111 M56 max 0 18 12 24.051 18 12 0 18 12 0 18 4 0.001 0 8 27.942 18 3
112 min 0 0 1 -37.255 0 3 -0.001 0 8 -0.001 0 8 -0.001 18 8 -27.942 0 3
113 M57 max 0 18 12 1.978 18 12 0 18 8 0 18 8 0 0 3 4.38 18 3
114 min 0 0 1 -5.84 0 3 -0.001 0 3 0 0 3 0 18 3 -4.38 0 3
115 M58 max773.413 3 3 9.511 138 8 5.248 6 9 0 78 9 34.174 7.5 12 6.634 72 8
116 min -8.267 139.5 12 -4.421 121.5 8 -53.152 4.5 12 -0.006 139.5 8 -29.535 39 12 -8.694 138 8
117 M59 max851.652 3 10 5.648 138 9 53.152 12 12 0 78 9 29.535 39 12 5.87 12 9
118 min -0.371 139.5 3 -8.8 4.5 9 -5.248 7.5 9 -0.006 139.5 8 -34.174 7.5 12 -6.059 70.5 9
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Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

119 M60 max 0 18 12 2.682 18 9 0 18 12 0 18 8 0 18 12 60.755 18 12
120 min 0 0 1 -81.006 0 12 0 0 1 0 0 9 0 0 1 -60.755 0 12
121 M61 max 0 18 12 1.709 18 3 0.001 18 8 0 18 8 0.001 18 8 48.565 18 12
122 min 0 0 1 -64.753 0 12 0 0 1 0 0 12 -0.001 0 8 -48.565 0 12
123 M62 max 0 18 12 0.371 18 3 0.008 18 8 0.004 18 8 0.006 18 8 6.2 18 12
124 min 0 0 1 -8.267 0 12 0 0 1 0 0 11 -0.006 0 8 -6.2 0 12
125 M63 max1172.336 3 3 8.821 6 8 155.47 6 3 0.002 12 9 26.342 39 3 6.076 70.5 9
126 min 0.148 139.5 12 -5.682 130.5 9 -40.037 13.5 11 -0.006 4.5 8 -41.915 7.5 3 -5.88 12 8
127 M64 max479.158 12 3 18.001 6 8 56.978 3 12 0.002 12 9 41.416 7.5 3 14.711 4.5 9
128 min -11.268 139.5 3 -46.448 0 9 -138.032 4.5 11 -0.006 4.5 8 -28.129 6 3 -6.059 70.5 9
129 M65 max 0.01 18 3 12.098 18 12 0 18 12 0 18 8 0 18 8 67.677 18 3
130 min -0.024 0 12 -90.237 0 3 0 0 1 0 0 9 0 0 8 -67.679 0 3
131 M66 max 0 18 12 10.165 18 12 0 18 12 0 18 8 0 18 8 54.21 18 3
132 min 0 0 1 -72.28 0 3 0 0 1 0 0 9 0 0 8 -54.21 0 3
133 M67 max 0 18 12 -0.148 18 12 0 18 12 0 18 8 0 0 9 8.451 18 3
134 min 0 0 1 -11.268 0 3 0 0 9 0 0 9 0 18 9 -8.451 0 3
135 M68 max767.795 3 3 8.818 12 8 1.948 78 3 0 144 9 34.432 7.5 12 6.076 70.5 9
136 min -8.291 139.5 12 -5.682 130.5 9 -53.57 7.5 12 0 21 8 -29.715 39 12 -5.881 12 8
137 M69 max 857.63 3 10 5.662 138 8 53.57 6 12 0 144 9 29.715 39 12 5.87 12 9
138 min -0.49 139.5 3 -8.8 4.5 9 -1.948 72 3 0 21 8 -34.432 7.5 12 -6.059 70.5 9
139 M70 max 0 18 12 1.604 18 3 0 18 12 0 18 8 0 18 12 61.107 18 12
140 min 0 0 1 -81.476 0 12 0 0 1 0 0 9 0 0 1 -61.107 0 12
141 M71 max 0 18 12 2.225 18 3 0 18 12 0 18 8 0 0 3 48.761 18 12
142 min 0 0 1 -65.015 0 12 0 0 3 0 0 9 0 18 3 -48.761 0 12
143 M72 max 0 18 12 0.49 18 3 0 18 12 0 18 8 0 0 9 6.218 18 12
144 min 0 0 1 -8.291 0 12 0 0 9 0 0 9 0 18 9 -6.218 0 12
145 M73 max 8.472 18 3 9.198 18 12 0.006 18 9 0.001 18 9 0.005 18 9 43.506 18 3
146 min -42.38 0 12 -58.253 0 3 0 0 11 0 0 11 -0.005 0 9 -43.874 0 3
147 M74 max 0 18 12 3.96 18 9 0 18 12 0 18 8 0 18 11 49.695 18 12
148 min 0 0 1 -66.26 0 12 0 0 1 0 0 9 0 0 11 -49.695 0 12
149 M75 max 16.662 18 3 -13.889 18 12 0.01 18 9 0.002 18 8 0.008 18 9 85.579 18 3
150 min -39.25 0 12 -114.589 0 3 0 0 11 0 0 11 -0.008 0 9 -86.304 0 3
151 M76 max 0 18 12 0.9 18 9 0 18 12 0 18 8 0 0 9 50.074 18 12
152 min 0 0 1 -66.766 0 12 0 0 1 0 0 9 0 18 9 -50.074 0 12
153 M77 max 0 18 12 8.4 18 12 0 18 12 0 18 4 0 0 9 24.629 18 3
154 min 0 0 1 -32.839 0 3 0 0 1 0 0 9 0 18 9 -24.629 0 3
155 M78 max 0 18 12 1.928 18 3 0 18 12 0 18 8 0 18 8 32.879 18 12
156 min 0 0 1 -43.839 0 12 0 0 1 0 0 9 0 0 8 -32.879 0 12
157 M79 max 0 18 12 -3.755 18 12 0 18 12 0 18 4 0 0 9 47.585 18 3
158 min 0 0 1 -63.446 0 3 0 0 1 0 0 9 0 18 9 -47.585 0 3
159 M80 max 0 18 12 2.531 18 3 0 18 12 0 18 4 0 0 9 32.908 18 12
160 min 0 0 1 -43.878 0 12 0 0 1 0 0 9 0 18 9 -32.908 0 12
161 M81 max 0 18 12 -0.104 18 12 0 18 12 0 18 8 0 0 9 8.451 18 3
162 min 0 0 1 -11.268 0 3 0 0 9 0 0 9 0 18 9 -8.451 0 3
163 M82 max1172.284 3 3 7.379 87 9 155.443 6 3 0.001 72 9 26.337 39 3 7.998 70.5 9
164 min 0.104 139.5 12 -7.447 63 9 -40.193 13.5 11 -0.003 4.5 8 -41.908 7.5 3 -6.329 4.5 9
165 M83 max 0.01 18 3 12.492 18 12 0 18 12 0 18 8 0 18 12 67.665 18 3
166 min -0.024 0 12 -90.221 0 3 0 0 1 0 0 9 0 0 1 -67.667 0 3
167 M84 max 0 18 12 10.46 18 12 0 18 12 0 18 1 0.001 0 9 54.2 18 3
168 min 0 0 1 -72.266 0 3 -0.002 0 9 -0.001 0 9 -0.001 18 9 -54.2 0 3
169 M85 max 0 18 12 -3.627 18 12 0 18 12 0 18 4 0 0 9 47.58 18 3
170 min 0 0 1 -63.439 0 3 0 0 1 0 0 9 0 18 9 -47.58 0 3
171 M86 max 479.19 12 3 17.999 6 8 57.368 3 12 0.001 72 9 41.409 7.5 3 14.711 4.5 9
172 min -11.268 139.5 3 -46.447 0 9 -138.284 4.5 11 -0.003 4.5 8 -28.124 6 3 -6.059 70.5 9
173 M87 max 16.658 18 3 -13.596 18 12 0.006 18 8 0.001 18 8 0.004 18 8 85.565 18 3
174 min -39.519 0 12 -114.569 0 3 0 0 11 0 0 11 -0.004 0 8 -86.289 0 3
175 M88 max 0 18 12 0.368 18 3 0.011 18 9 0.006 18 9 0.008 18 9 6.308 18 12
176 min 0 0 1 -8.411 0 12 0 0 12 0 0 12 -0.008 0 9 -6.308 0 12
177 M89 max773.208 3 3 15.652 138 9 1.457 78 3 0 78 9 34.717 7.5 12 6.752 72 9
178 min -8.411 139.5 12 -5.739 121.5 9 -54.078 7.5 12 -0.008 139.5 9 -29.988 39 12 -12.205 138 9
179 M90 max 0 18 12 1.188 18 3 0 18 12 0 18 8 0 18 12 61.696 18 12
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Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

180 min 0 0 1 -82.261 0 12 0 0 1 0 0 9 0 0 1 -61.696 0 12
181 M91 max 0 18 12 1.664 18 3 0.001 18 9 0 18 8 0.001 18 9 49.284 18 12
182 min 0 0 1 -65.713 0 12 0 0 1 0 0 11 -0.001 0 9 -49.284 0 12
183 M92 max 0 18 12 1.899 18 3 0 18 12 0 18 8 0 18 8 33.311 18 12
184 min 0 0 1 -44.415 0 12 0 0 1 0 0 9 0 0 8 -33.311 0 12
185 M93 max854.964 3 10 5.643 138 8 54.078 6 12 0 78 9 29.988 39 12 5.87 12 9
186 min -0.368 139.5 3 -8.8 4.5 9 -1.457 73.5 3 -0.008 139.5 9 -34.717 7.5 12 -6.059 70.5 9
187 M94 max 0 18 12 0.241 18 3 0 18 12 0 18 8 0 0 9 50.508 18 12
188 min 0 0 1 -67.344 0 12 0 0 1 0 0 9 0 18 9 -50.508 0 12
189 M95 max 30.546 1.5 11 0 1.5 10 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
190 min -0.992 0 9 0 0 11 0 0 1 -0.008 0 9 0 0 1 0 0 1
191 M96 max 56.692 1.5 3 0 1.5 12 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
192 min 10.973 0 1 0 0 1 0 0 1 -6.376 0 9 0 0 1 0 1.5 9
193 M97 max -0.233 1.5 12 0 0.734 10 124.39 1.5 3 0.001 1.5 8 20.875 0.75 12 0 0.75 12
194 min -19.087 0 11 0 0.75 5 -334.007 0.75 12 -0.008 0 9 -11.288 0.734 12 0 0.75 5
195 M98 max 60.107 1.5 10 0 1.5 12 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
196 min 10.349 0 1 0 0 1 0 0 1 -0.008 0 9 0 0 1 0 0 1
197 M99 max -0.868 1.5 1 0 1.5 10 0 1.5 12 0.026 1.5 11 0 1.5 12 0 1.5 12
198 min -16.095 0 11 0 0 12 0 0 1 -0.008 0 9 0 0 1 0 0 1
199 M100 max 26.818 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
200 min 5.191 0 1 0 0 1 0 0 1 -5.827 0 8 0 0 1 0 1.5 9
201 M101 max -4.11 1.5 1 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
202 min -39.225 0 11 0 0 11 0 0 1 -0.014 0 9 0 0 1 0 0 1
203 M102 max-13.464 1.5 1 0 1.5 9 0 1.5 12 1.61 1.5 9 0 1.5 12 0 1.5 12
204 min -69.563 0 3 0 0 12 0 0 1 -0.006 0 11 0 0 1 0 1.5 9
205 M103 max 18.158 0.75 11 0 1.5 12 127.032 1.5 12 0.004 0.75 8 12.993 0.75 3 0 0.75 12
206 min 0.488 0.766 1 0 0.75 5 -207.894 0.75 3 -0.014 0 9 -7.939 0.75 12 0 0.75 5
207 M104 max-12.419 1.5 1 0 1.5 10 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
208 min -64.165 0 3 0 0 12 0 0 1 -0.014 0 9 0 0 1 0 0 1
209 M105 max 18.324 1.5 11 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
210 min 1.476 0 1 0 0 12 0 0 1 -0.014 0 9 0 0 1 0 0 1
211 M106 max -6.193 1.5 1 0 1.5 9 0 1.5 12 1.49 1.5 8 0 1.5 12 0 1.5 11
212 min -31.997 0 3 0 0 11 0 0 1 -0.006 0 11 0 0 1 0 1.5 9
213 M107 max 6.504 1.5 11 0 1.5 4 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 11
214 min 0.591 0 1 0 0 11 0 0 1 -0.012 0 9 0 0 1 0 0 1
215 M108 max 10.25 1.5 3 0 1.5 9 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 12
216 min 1.984 0 1 0 0 12 0 0 1 -0.012 0 9 0 0 1 0 1.5 9
217 M109 max 4.112 1.5 12 0 0.734 6 30.317 1.5 3 0.006 1.5 8 2.056 0.75 12 0 0.75 11
218 min -7.98 0 11 0 0.75 2 -32.892 0.75 12 -0.012 0 9 -1.895 0.75 3 0 0.75 2
219 M110 max 9.462 1.5 3 0 1.5 9 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 12
220 min 1.831 0 1 0 0 12 0 0 1 -0.012 0 9 0 0 1 0 0 1
221 M111 max -0.221 1.5 1 0 1.5 4 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 12
222 min -2.968 0 11 0 0 12 0 0 1 -0.012 0 9 0 0 1 0 0 1
223 M112 max 4.717 1.5 3 0 1.5 9 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 11
224 min 0.913 0 1 0 0 11 0 0 1 -0.012 0 9 0 0 1 0 1.5 9
225 M113 max 5.821 1.5 11 0 1.5 4 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
226 min -0.164 0 9 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 0 1
227 M114 max 11.236 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
228 min 2.175 0 1 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 1.5 9
229 M115 max 6.119 1.5 12 0 1.5 10 34.485 1.5 3 0.005 0.75 8 1.321 0.75 12 0 0.75 12
230 min -8.911 0 11 0 0.75 3 -21.13 0.75 12 -0.013 0.75 9 -2.155 0.75 3 0 0.75 3
231 M116 max 10.347 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
232 min 2.003 0 1 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 0 1
233 M117 max -0.218 1.5 1 0 1.5 4 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
234 min -2.197 0 11 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 0 1
235 M118 max 5.166 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
236 min 1 0 1 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 1.5 9
237 M119 max 14.488 1.5 11 0 1.5 4 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 11
238 min 0.287 0 9 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
239 M120 max 27.352 1.5 3 0 1.5 9 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 12
240 min 5.294 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
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Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

241 M121 max 7.523 1.5 12 0 0.734 12 83.332 1.5 3 0.003 1.5 8 2.968 0.75 12 0 0.75 11
242 min -15.045 0 11 -0.001 0.75 3 -47.493 0.75 12 -0.015 0.75 9 -5.208 0.75 3 0 0.734 12
243 M122 max 25.2 1.5 3 0 1.5 9 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 12
244 min 4.877 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
245 M123 max -0.543 1.5 1 0 1.5 4 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 12
246 min -5.966 0 11 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
247 M124 max 12.578 1.5 3 0 1.5 9 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 11
248 min 2.434 0 1 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
249 M125 max -0.644 1.5 9 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
250 min -23.064 0 11 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
251 M126 max -8.829 1.5 1 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
252 min -45.616 0 3 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
253 M127 max 11.505 1.5 11 0 0.734 10 38.203 1.5 12 0.004 1.5 8 8.692 0.75 3 0 0.75 11
254 min 0.061 0 12 0 0.75 3 -139.07 0.75 3 -0.015 0 9 -4.666 0.734 3 0 0.75 3
255 M128 max -8.134 1.5 1 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
256 min -42.026 0 3 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
257 M129 max 10.239 1.5 11 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
258 min 0.905 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
259 M130 max -4.06 1.5 1 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
260 min -20.977 0 3 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
261 M131 max 3.448 1.5 11 0 1.5 4 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
262 min 0.358 0 1 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 0 1
263 M132 max 5.872 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
264 min 1.137 0 1 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 1.5 9
265 M133 max 11.703 1.5 12 0 0.734 12 17.812 1.5 3 0.005 1.5 8 1.657 0.75 12 0 1.5 11
266 min -13.306 0 11 0 0.75 4 -26.505 0.75 12 -0.013 0.75 9 -1.113 0.75 3 0 1.5 5
267 M134 max 5.413 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
268 min 1.048 0 1 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 0 1
269 M135 max -0.122 1.5 1 0 1.5 4 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 12
270 min -1.152 0 11 0 0 12 0 0 1 -0.013 0 9 0 0 1 0 0 1
271 M136 max 2.703 1.5 3 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
272 min 0.523 0 1 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 1.5 9
273 M137 max 8.148 1.5 11 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
274 min -1.863 0 9 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
275 M138 max 14.363 1.5 3 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
276 min 2.78 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
277 M139 max 13.458 1.5 12 0.001 0.734 6 44.188 1.5 3 0.004 1.5 8 2.511 0.75 12 0 0.75 11
278 min -17.059 0 11 0 0.75 2 -40.175 0.75 12 -0.015 0.75 9 -2.762 0.75 3 0 0.75 3
279 M140 max 13.22 1.5 3 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
280 min 2.559 0 1 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
281 M141 max -0.259 1.5 1 0 1.5 4 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 12
282 min -2.884 0 11 0 0 12 0 0 1 -0.015 0 9 0 0 1 0 0 1
283 M142 max 6.593 1.5 3 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
284 min 1.276 0 1 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 1.5 9
285 M143 max 8.041 1.5 11 0 1.5 4 0 1.5 12 2.508 1.5 9 0 1.5 12 0 1.5 9
286 min 0.078 0 9 0 0 9 0 0 1 -0.005 0 11 0 0 1 0 0 1
287 M144 max 14.137 1.5 3 0 1.5 9 0 1.5 12 -0.008 1.5 12 0 1.5 12 0 1.5 12
288 min 2.736 0 1 0 0 12 0 0 1 -3.428 0 9 0 0 1 0 1.5 9
289 M145 max 15.228 1.5 12 0 0.734 2 44.314 0.75 8 0.001 0.75 8 2.77 0.75 8 0 0.75 11
290 min -18.921 0 11 -0.001 0 3 -43.102 0.75 12 -0.126 0 3 -2.715 0.75 3 0 1.5 2
291 M146 max 13.014 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
292 min 2.519 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
293 M147 max -0.259 1.5 1 0 1.5 4 0 1.5 12 2.313 1.5 8 0 1.5 12 0 1.5 12
294 min -2.853 0 11 0 0 12 0 0 1 0.033 0 1 0 0 1 0 0 1
295 M148 max 6.49 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 11
296 min 1.256 0 1 0 0 11 0 0 1 -2.423 0 8 0 0 1 0 1.5 9
297 M149 max 2.947 1.5 9 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 9
298 min -16.357 0 11 0 0 9 0 0 1 -0.433 0 9 0 0 1 0 0 1
299 M150 max -6.276 1.5 1 0 1.5 9 0 1.5 12 3.583 1.5 9 0 1.5 12 0 1.5 12
300 min -32.427 0 3 0 0 12 0 0 1 -0.001 0 12 0 0 1 0 1.5 9
301 M151 max 18.097 1.5 11 0.001 0.734 8 10.002 1.5 12 0 1.5 8 6.226 0.75 3 0 0.75 12
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Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

302 min -10.406 0 12 0 0.75 2 -99.622 0.75 3 -0.018 0 9 -3.359 0.734 3 0 0.75 4
303 M152 max -5.778 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
304 min -29.851 0 3 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
305 M153 max 7.217 1.5 11 0 1.5 4 0 1.5 12 -0.035 1.5 1 0 1.5 12 0 1.5 12
306 min 0.593 0 1 0 0 12 0 0 1 -0.379 0 8 0 0 1 0 0 1
307 M154 max -2.882 1.5 1 0 1.5 9 0 1.5 12 2.561 1.5 8 0 1.5 12 0 1.5 11
308 min -14.89 0 3 0 0 11 0 0 1 -0.003 0 12 0 0 1 0 1.5 9
309 M155 max 2.319 1.5 11 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
310 min -0.197 0 9 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
311 M156 max 2.944 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
312 min 0.57 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
313 M157 max 19.135 1.5 12 0 0.734 11 15.691 0.75 8 0.001 1.5 8 2.223 0.75 12 0 0.75 12
314 min -19.836 0 11 -0.001 0.75 3 -35.565 0.75 12 -0.018 0 9 -1.475 0.734 12 0 0.75 2
315 M158 max 3.143 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
316 min 0.525 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
317 M159 max -0.059 1.5 1 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
318 min -0.397 0 11 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
319 M160 max 1.357 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
320 min 0.263 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
321 M161 max 10.284 1.5 11 0 1.5 4 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
322 min -2.812 0 9 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
323 M162 max 17.804 1.5 3 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
324 min 3.446 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
325 M163 max 20.874 1.5 12 0.001 0.734 11 55.063 1.5 3 0 1.5 8 3.495 0.75 12 0 1.5 12
326 min -25.177 0 11 -0.001 0 6 -55.928 0.75 12 -0.018 0.75 9 -3.441 0.75 3 0 0.75 4
327 M164 max 16.381 1.5 3 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
328 min 3.17 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
329 M165 max -0.304 1.5 1 0 1.5 4 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
330 min -3.418 0 11 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
331 M166 max 8.153 1.5 3 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
332 min 1.578 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
333 M167 max 3.54 1.5 11 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 11
334 min -0.811 0 9 0 0 11 0 0 1 -0.019 0 9 0 0 1 0 0 1
335 M168 max 4.679 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
336 min 0.906 0 1 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 1.5 9
337 M169 max 22.919 1.5 11 0 0.75 8 19.381 0.75 8 0 1.5 1 2.805 0.75 12 0 0.75 11
338 min -23.895 0 11 -0.001 0.766 8 -44.883 0.75 12 -0.019 0 9 -1.828 0.734 12 0 0.75 8
339 M170 max 4.562 1.5 10 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
340 min 0.833 0 1 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 0 1
341 M171 max -0.081 1.5 1 0 1.5 4 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 12
342 min -0.717 0 11 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 0 1
343 M172 max 2.144 1.5 3 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 11
344 min 0.415 0 1 0 0 11 0 0 1 -0.019 0 9 0 0 1 0 1.5 9
345 M173 max 3.358 1.5 9 0 1.5 4 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 9
346 min -12.085 0 11 0 0 9 0 0 1 -0.019 0 9 0 0 1 0 0 1
347 M174 max -4.756 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
348 min -24.573 0 3 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 1.5 9
349 M175 max 25.177 1.5 11 0.001 0.734 8 -7.704 0.734 9 0 1.5 8 4.747 0.75 3 0 0.75 12
350 min -19.409 0 12 -0.001 0.75 3 -75.956 0.75 3 -0.019 0.75 9 -2.569 0.734 3 0 0.75 2
351 M176 max -4.376 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
352 min -22.61 0 3 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 0 1
353 M177 max 5.493 1.5 11 0 1.5 4 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
354 min 0.423 0 1 0 0 12 0 0 1 -0.019 0 9 0 0 1 0 0 1
355 M178 max -2.179 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
356 min -11.257 0 3 0 0 11 0 0 1 -0.019 0 9 0 0 1 0 1.5 9
357 M179 max 3.342 1.5 11 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 9
358 min -0.545 0 9 0 0 9 0 0 1 -0.018 0 9 0 0 1 0 0 1
359 M180 max 3.974 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
360 min 0.763 0 12 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
361 M181 max 26.428 1.5 12 0.001 0.734 3 21.856 0.75 8 0.001 0.75 8 3.115 0.75 12 0 0.75 12
362 min -27.222 0 11 -0.001 0.75 2 -49.845 0.75 12 -0.018 0 9 -2.05 0.734 12 0 0.75 2
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

363 M182 max 4.242 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
364 min 0.708 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
365 M183 max -0.069 1.5 1 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
366 min -0.56 0 8 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
367 M184 max 1.825 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
368 min 0.353 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
369 M185 max 4.761 1.5 11 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 9
370 min -2.044 0 9 0 0 9 0 0 1 -0.018 0 9 0 0 1 0 0 1
371 M186 max 6.618 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
372 min 1.281 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
373 M187 max 28.259 1.5 11 0.001 0.734 3 20.383 1.5 3 0.001 1.5 8 3.461 0.75 12 0 0.75 12
374 min -29.602 0 11 -0.001 0.75 3 -55.382 0.75 12 -0.018 0.75 9 -2.267 0.734 12 0 0.75 3
375 M188 max 6.363 1.5 10 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
376 min 1.177 0 1 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
377 M189 max -0.11 1.5 1 0 1.5 4 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
378 min -1.038 0 11 0 0 12 0 0 1 -0.018 0 9 0 0 1 0 0 1
379 M190 max 3.01 1.5 3 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
380 min 0.583 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 1.5 9
381 M191 max 2.093 1.5 9 0 1.5 4 0 1.5 12 12.315 1.5 9 0 1.5 12 0 1.5 9
382 min -2.166 0 3 0 0 9 0 0 1 0.01 0 12 0 0 1 0 0 1
383 M192 max -1.202 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
384 min -6.213 0 3 0 0 12 0 0 1 -0.01 0 9 0 0 1 0 1.5 9
385 M193 max 30.457 1.5 12 0 1.5 11 24.078 0.734 9 0 1.5 8 3.002 0.75 11 0 0.75 12
386 min -28.839 0 12 -0.001 0.75 5 -48.036 0.75 11 -0.01 0 9 -2.049 0.734 11 0 0.75 4
387 M194 max -1.105 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 12
388 min -5.708 0 3 0 0 12 0 0 1 -0.01 0 9 0 0 1 0 0 1
389 M195 max 1.709 1.5 11 0 1.5 4 0 1.5 12 8.763 1.5 8 0 1.5 12 0 1.5 12
390 min 0.103 0 1 0 0 12 0 0 1 -0.002 0 11 0 0 1 0 0 1
391 M196 max -0.547 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
392 min -2.826 0 3 0 0 11 0 0 1 -0.625 0 3 0 0 1 0 1.5 9
393 M197 max583.283 3 3 5.657 138 8 96.737 6 11 0.006 4.5 9 30.054 39 11 5.889 12 9
394 min 1.133 139.5 1 -8.845 4.5 9 -12.432 13.5 3 -0.002 7.5 8 -32.268 7.5 11 -6.062 70.5 9
395 M203 max 0 18 12 -7.207 18 1 0 18 12 0 18 8 0 18 8 49.802 18 11
396 min 0 0 1 -66.402 0 11 0 0 1 0 0 9 0 0 8 -49.802 0 11
397 M204 max242.818 12 3 46.515 3 9 30.566 6 12 0.006 6 9 30.691 7.5 11 6.079 70.5 9
398 min -69.83 4.5 12 -18 4.5 9 -76.384 0 11 -0.002 7.5 8 -30.061 39 11 -14.734 4.5 9
399 M205 max 52.618 18 11 -11.272 18 1 0 18 11 0 18 10 0.008 0 9 55.043 18 11
400 min 1.64 0 1 -74.915 0 11 -0.01 0 9 -0.002 0 9 -0.008 18 9 -57.331 0 11
401 M206 max 0 18 12 -1.133 18 1 0 18 12 0 18 8 0 0 9 6.465 18 11
402 min 0 0 1 -8.62 0 11 0 0 9 0 0 9 0 18 9 -6.465 0 11
403 M207 max 0.032 18 11 -8.941 18 1 0 18 12 0 18 8 0 0 9 61.775 18 11
404 min 0.001 0 1 -82.37 0 11 0 0 1 0 0 9 0 18 9 -61.78 0 11
405 M208 max 0 18 12 -6.361 18 1 0 18 12 0 18 4 0 0 9 34.017 18 11
406 min 0 0 1 -45.356 0 11 0 0 1 0 0 9 0 18 9 -34.017 0 11
407 M209 max 0 18 12 5.84 18 3 0 18 12 0 18 8 0 0 9 4.38 0 3
408 min 0 0 1 -2.107 0 12 0 0 9 0 0 9 0 18 9 -4.38 18 3
409 M210 max583.079 3 3 8.821 6 8 78.955 6 3 0.002 12 9 22.804 12 11 6.076 70.5 9
410 min -2.107 139.5 12 -5.682 130.5 9 -32.208 13.5 11 -0.006 4.5 8 -21.288 7.5 3 -5.88 12 8
411 M211 max 0.005 18 3 46.163 18 3 0 18 12 0 18 8 0 18 8 34.622 0 3
412 min -0.027 0 12 -30.911 0 12 0 0 1 0 0 9 0 0 8 -34.622 18 3
413 M212 max 0 18 12 37.216 18 3 0 18 12 0 18 8 0 18 8 27.912 0 3
414 min 0 0 1 -24.924 0 12 0 0 1 0 0 9 0 0 8 -27.912 18 3
415 M213 max 0 18 12 32.82 18 3 0 18 12 0 18 4 0 0 9 24.615 0 3
416 min 0 0 1 -8.771 0 12 0 0 1 0 0 9 0 18 9 -24.615 18 3
417 M214 max290.702 3 11 18.001 6 8 62.691 3 12 0.002 12 9 21.034 7.5 3 14.711 4.5 9
418 min -5.84 139.5 3 -46.448 0 9 -98.583 4.5 11 -0.006 4.5 8 -23.362 12 11 -6.059 70.5 9
419 M215 max 8.46 18 3 58.195 18 3 0.01 18 9 0.002 18 8 0.008 18 9 43.463 0 3
420 min -43.185 0 12 -10.065 0 12 0 0 11 0 0 11 -0.008 0 9 -43.831 18 3
421 M216 max 38.902 1.5 11 0 1.5 12 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 12
422 min 3.622 0 1 0 0 1 0 0 1 -0.008 0 9 0 0 1 0 0 1
423 M217 max -4.387 1.5 1 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
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Envelope Maximum Member Section Forces (Continued)
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424 min -30.577 0 11 0 0 11 0 0 1 -0.014 0 9 0 0 1 0 0 1
425 M218 max 5.043 1.5 11 0 1.5 9 0 1.5 12 0.006 1.5 8 0 1.5 12 0 1.5 11
426 min 0.645 0 1 0 0 11 0 0 1 -0.012 0 9 0 0 1 0 0 1
427 M219 max 4.425 1.5 11 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
428 min 0.716 0 1 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 0 1
429 M220 max 11.108 1.5 11 0 1.5 9 0 1.5 12 0.003 1.5 8 0 1.5 12 0 1.5 11
430 min 1.738 0 1 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
431 M221 max -2.899 1.5 1 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
432 min -17.807 0 11 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
433 M222 max 2.632 1.5 11 0 1.5 9 0 1.5 12 0.005 1.5 8 0 1.5 12 0 1.5 11
434 min 0.371 0 1 0 0 11 0 0 1 -0.013 0 9 0 0 1 0 0 1
435 M223 max 6.042 1.5 11 0 1.5 9 0 1.5 12 0.004 1.5 8 0 1.5 12 0 1.5 11
436 min 0.92 0 1 0 0 11 0 0 1 -0.015 0 9 0 0 1 0 0 1
437 M224 max 6.027 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
438 min 0.904 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
439 M225 max -2.074 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
440 min -12.421 0 11 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
441 M226 max 1.709 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
442 min 0.187 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
443 M227 max 7.629 1.5 11 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
444 min 1.144 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
445 M228 max 2.548 1.5 11 0 1.5 9 0 1.5 12 0 1.5 1 0 1.5 12 0 1.5 11
446 min 0.301 0 1 0 0 11 0 0 1 -0.019 0 9 0 0 1 0 0 1
447 M229 max -1.579 1.5 1 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
448 min -9.125 0 10 0 0 11 0 0 1 -0.019 0 9 0 0 1 0 0 1
449 M230 max 2.335 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
450 min 0.255 0 1 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
451 M231 max 3.464 1.5 11 0 1.5 9 0 1.5 12 0.001 1.5 8 0 1.5 12 0 1.5 11
452 min 0.354 0 9 0 0 11 0 0 1 -0.018 0 9 0 0 1 0 0 1
453 M232 max -0.371 1.5 9 0 1.5 9 0 1.5 12 0 1.5 8 0 1.5 12 0 1.5 11
454 min -2.063 0 3 0 0 11 0 0 1 -0.01 0 9 0 0 1 0 0 1

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 General Members
2 RIGID 119 178.5 0
3 Total General 119 178.5 0
4
5 Hot Rolled Steel
6 Gr-30 0.06X0.75FLAT 10 751.3 0.01
7 Total HR Steel 10 751.3 0.01
8
9 Cold Formed Steel
10 Gr30 S-SERIES-BRC_0.625X4.5X18GA 70 1260 0.096
11 Gr30 S-SERIES-UP_1.5X1.12X16GA 28 4032 0.222
12 Total CF Steel 98 5292 0.318
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Code Refrence
Seismic Code : ASCE 7-10

EQUIVALENT LATERAL FORCE PROCEDURE FOR SHELVING
& RMI (AS IT APPLIES)

Dimension
Frame : E4 Max. Shelving Height : 120 in

Width : 20 in Levels : 2
Length : 96 in Shelf type : Tail Pipe

-
Site parameters (ASCE 7 section 11.4)

Site class D (Default)
Mapped acceleration parameters

at short periods Ss = 0.206 at 1 sec. period S1 = 0.106

Site coefficient at short periods Fa = 1.600 at 1 sec. period Fv = 2.376

Spectral response accelaration parameters (ASCE 7 section 11.4)
at short periods 0.071 0.050

Calc. SMS = 0.330 at 1 sec. period Calc. SM1 = 0.252
Design spectral acceleration parameters (ASCE 7 section 11.4)

at short periods SDS = 0.220 at 1 sec. period SD1 = 0.168

Seismic design category (ASCE 7 section 11.6)

Risk Category II
Seismic design category C

Approximate fundamental period (ASCE 7 section 12.8.2.1)

Height above base to highest level hn = 10.00 ft
Structure Type 4
Long-period transition TL = 12 Figs. 22-14 thru 22-17

Building period parameter Ct Ct = 0.020
Building period parameter x x = 0.75
Building fundamental period T = Ta = 0.112 sec.
Exponent related to structure period k = 1 since Ta ≤ 0.50 sec

Seismic response coefficient (ASCE 7 section 15.5 & RMI 2.6.3)

Response modification factor (Transverse) R = 4

Response modification factor (Longitudinal) R = 6

Seismic importance factor Ie = 1.5 (ASCE 7 15.5.3,RMI Sec. 2.6.2)

Redundancy factor ρ = 1.0 RMI Sec. 2.6.2.1; ASCE7 Sec.12.4.2.1

Cd = 3.5

SEISMIC DESIGN FRAME E4 20''B x 96''L x 120''H Tail Pipe

SEISMIC FORCES
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Operating Weight (RMI 2.1 & ASCE 7 section 15.5)

Loads
DL : 5 psf

Height/LVL
Input Shelf 

Load (PL)
Calculated

(in) (lbs.) (lbs.)

2 60 500 500

1 60 500 500

Total PL : 1,000

DL =  5 PSF x 1.67 FT x 8 FT x 2 SHELVES = 133.33 lbs

PL app = 1,000 LBS x 0.67 = 670.00 lbs

PL (top shelf) = 500.00 lbs

Ws = DL+67%PL+0.25LL (Per Storage Rack Section)
67%PL (every shelf loaded 67% of its rated load)(PL app)
100%PL (top shelf only loaded 100% of its rated load)

VBASE = Cs  Ws

Seismic base shear (ASCE 7 section 12.8)
Transverse Longitudinal

Seismic response coefficient Cs = 0.082 0.055

Seismic response coefficient max. Cs, MAX = 0.560 0.373

Seismic response coefficient min. Cs, MIN = 0.015 0.015

Seismic response coefficient (Governs) Cs = 0.082 0.055

LOAD COMBINATION ASD (RMI 2.1)
WLC Ws E (factor)

VBASE 

Transverse

VBASE 

Longitudinal

DL+0.67PL+0.75(0.7ρE) 803.33 803.33 0.525 35 23

(1+0.105SDS)DL+0.75[(1.4+0.14SDS)0.7PL+0.7ρE] 887.56 803.33 0.525 35 23

(1+0.14SDS)DL+(0.85+0.14SDS)0.7PL+0.7ρE 753.97 803.33 0.700 46 31 CONTROLS

(0.6 - 0.14SDS)DL+(0.6 - 0.14SDS)0.67PL+0.7ρE 457.29 803.33 0.700 46 31

Seismic base shear VBASE MAX. CONTROL 46 31

Ws CONTROL= 753.97 LBS

Anchors in accordance with ACI318 Sec.17 Ωο  = 2.0

Transverse Longitudinal

VBASE 67%PL  = 46 31 lbs

VBASE 100%PL TOP x 0.7ρ= 37 25 lbs

LEVEL

(ACI318 Sec.17; ASCE7 Table 15.4-1)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

0.00 0.00 0.00 0.00 0.00 0.00

2 376.98 10.00 3769.84 0.67 30.89 20.59

1 376.98 5.00 1884.92 0.33 15.45 10.30

Σ 753.97 Σ 5654.77 Base : 46.34 30.89

PSTATIC = 376.98 lbs per post COMP.MAX = 567 lbs per post

VBASE 67%PL (Transverse): 46 lbs Σ (FX * h) (Transverse) : 4,634 lbs-in

VBASE 67%PL (Longitudinal): 31 lbs Σ (FX * h) (Longitudinal) : 3,089 lbs-in

UPLIFT FORCES  (RMI Sec. 2.1.9 Seismic Uplift)

LW = 20 in

LL = 96 in

SEISMIC LATERAL FORCE DISTRIBUTION - FRAME E4 (CONTINUED)
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Transverse Longitudinal

LEVEL W h Wxhx
k

Cvx Fx Fx

(lbs.) (ft) (lbs-ft) (lbs) (lbs)

0.00 0.00 0.00 0.00 0.00 0.00

2 566.67 10.00 5666.67 0.94 34.94 23.61

1 66.67 5.00 333.33 0.06 2.06 1.39

Σ 633.33 Σ 6000.00 Base : 37.00 25.00

VBASE 100%PL TOP (Transverse): 37 LBS Σ (FX * h) (Transverse) : 4,317 lbs-in

VBASE 100%PL TOP (Longitudinal): 25 LBS Σ (FX * h) (Longitudinal) : 2,917 lbs-in

UPLIFT FORCES FOR ANCHORS

UPLIFT FORCES  (RMI Sec. 2.1.9 Seismic Uplift)

LW = 20 in
LL = 96 in

SEISMIC LATERAL FORCE DISTRIBUTION TOP SHELF LOADED - FRAME E4 (CONTINUED)
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SECTION PROPERTIES:

MAX L : 96 in

Size : 3.25"x16ga

H : 3.25 IN

t : 16 GA Fy : 45,000 PSI

Area : 0.413 IN
2

E : 29,500 KSI

Ix : 0.572 IN
4

Iy : 0.116 IN
4

Sx : 0.318 IN
3

Sy : 0.096 IN
3

rx : 1.176 IN ry : 0.529 IN

MAX ALLOWABLE LOAD - BENDING: (AISI Sec. C3.1.3)

Mn (MAX) = 0.6 * Sx * Fy = 8586 LBS-IN

CAPACITY = 2( 8 * M / L) = 1431.00 LBS

MAX ALLOWABLE LOAD - DEFLECTION (L/180): (RMI Sec. 5.3) BEAM SECTION

ALLOW DEFLECTION = 5 wL^4 / 384 E I

CAPACITY = 2 [(384 E I) / (5*180*L^2) ] = 1562.41 LBS

MAXIMUM STATIC ALLOWABLE LOAD PER LEVEL= 1431.00 LBS 

ALLOWABLE AND ACTUAL BENDING MOMENT PER LEVEL (RMI Sec.2.1.5 & 2.3)

MAX BENDING MOMENT

Wstatic = (DL + LL + 0.88PL) / 96'' = 5.28 LBS/IN

MSTATIC (DL + LL + 0.88PL) = WSTATIC L
2  

 / 8 = 6080.00 LBS-IN

PVERTICAL IMPACT = Wstatic x 25% = 15.83 LBS

MVERTICAL IMPACT = PVERTICAL IMPACT x L / 4 = 380.00 LBS-IN

MSTATIC+IMPACT = 6460.00 LBS-IN

ALLOWABLE BENDING MOMENT

MALLOW(STATIC) = 17172.00 LBS-IN

MSTATIC+IMPACT < MALLOW(STATIC) OK

BEAM DESIGN FOR FRAME E4
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SECTION PROPERTIES MAX HT = 120 IN

SIZE = 1.625x1.75x14ga Fy = 45 ksi

t = 14 GA E = 29500 ksi

AREA = 0.372 in
2

Iy = 0.133 in
4

Ix = 0.202 in
4

Sy = 0.151 in
3

Sx = 0.231 in
3

ry = 0.597 in

rx = 0.738 in Ωc= 1.80

Cmx= 1.00 Ωb= 1.67

Unbrace Lx-x = 57 in Kx = 1.7

Unbrace Ly-y = 36 in Ky = 1.0

δSE = 0.24 IN

δX = 0.56 IN < 5% Structural Height  OK

Pstatic = 634 lbs

kLx (1.7)(56.75) kLy (1)(36)

rx 0.738in ry 0.597in

π2
 * E π2

 * E

(Klx/rx)
2

(Kly/ry)
2

λc = (Fy / Fax)
1/2 = 1.63 >1.5 λc = (Fy / Fay)

1/2 = 0.75 <1.5

= 14942 psi = 35567 psi

Pn = AREA * Fn = 5558 lbs Pn = AREA * Fn = 13231 lbs

PEX = (π2
EIX) / (KXLX)

2
= 6319 lbs PEY = (π2

EIY) / (KYLY)
2

= 29879 lbs

αx = 1 − (ΩcPx/Pex) = 0.82 αy = 1 − (ΩcPx/Pey) = 0.96

MAX MOMENT IN COLUMN

Mx = MSTATIC + MSEISMIC = 0.01 lbs-ft Mnx = Sx * Fy = 866.25 lbs-ft

My = MSTATIC + MSEISMIC = 12.36 lbs-ft Mny = Sy * Fy = 566.25 lbs-ft

COMBINED STRESS (fa/Fa + fb/Fb)

RISA3D Lateral Load X-Direction
(ΩcPx/Pn) + (ΩbCmxMx/Mnαx1) + (ΩbCmyMy/Mnyαy1) = 0.24 < 1.0 THEREFORE UPRITE IS OK

Fay 

WS STD UPRITE DESIGN FOR FRAME - E4

COLUMN SECTION

= = 130.72 = = 60.30

Fax = = 17037 PSI = = 80069 psi

Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
Fn = � �c < 1.5   (0.658 �c2)Fy 

 �c > 1.5   (0.877/ �c2)Fy
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SECTION PROPERTIES:

PMEMBER = 123 LBS - WORST CASE

HORIZONTAL BRACINGS:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 20 IN

(0.8)(20IN)

0.453IN

< 200 OK

229432 PSI

= 0.005 < 1.0 OK

DIAGONAL BRACING:

AREA = 0.115 IN
2

rx = 0.453 IN

d = 20 IN

l = 38 IN

THE LENGTH OF THE BRACE:

L = (d
2
+ l

2
)
0.5

 = 3.58 FT

L = 42.94 IN

VDIAG = VBASE * (LENGTH OF THE BRACE/ DEPTH)

= 264 LBS

(1)(42.94IN)

0.453IN

< 200 OK

31852 PSI

= 0.072 < 1.0 OK

= 94.79

TRANSVERSE BRACING - FRAME E4

= 35.32
  klx  

rx
=

Fa = 
 �2E 

 �kl/r)2 
=

  klx  

rx
=

  klx  

rx

  klx  

rx

Fa = 
 �2E 

 �kl/r)2 

fa
 Fa 

=         
VBASE

  AREA x Fa  

fa
 Fa 

=         
VDIAG

  AREA x Fa  
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CAPACITY OF CONNECTOR:

BEAM LOCKING DEVICE (TWO CLIPS) (RMI 7.1.2)

AREA = 7/16 * 0.03 *2 = 0.026 IN
2

Fy = 50000 PSI

Fv = 2 * 0.4 * A * Fy

VMAX = 1050 LBS >1000 LBS OK

BEAM TO BRACKET WELD CAPACITY

1/8" * 14.84 KSI = 1855 LBS/IN <--- CONTROLS

0.061" * 26 KSI * 1.33 = 2109 LBS/IN

LWELD = 3 IN

CAPACITY = 5565 LBS 

a) SHEAR CAPACITY OF 1/2" TAB

AREA = 0.105" * 1/2" = 0.053 IN
2

Fy = 50000 PSI

Fv = 0.4 * A * Fy

VMAX = 1050 LBS

b) BEARING ON COLUMN

D = 0.420 IN

t = 0.072 IN

BEARING AREA = t * D = 0.030 IN
2

Fy = 50000 PSI

PMAX BEARING = BRG AREA * 1.2 * Fy = 1814 LBS

SINCE SHEAR GOVERNS  P1 = 1050 LBS

M CONN CAPACITY = (P1 * 2") = 2100 LBS-IN

M CONN SEISMIC = 1.33 * M CONN CAPACITY = 2793 LBS-IN

FROM MODEL RISA MMAX BEAM = 2,885 LBS-IN

FROM MODEL RISA MMAX BEAM 25% = 721 LBS-IN < M CONN SEISMIC

OK

BEAM TO COLUMN CONNX - FRAME E4

BEAM TO COLUMN CONNECTION PROVIDE ADEQUATE MOMENT CAPACITY TO STABLIZE THIS SYSTEM, ALTHOGH

IT DOES NOT PROVIDE 100% FIXITY. THUS, THE BEAMS WILL BE ANALYSED ASSUMING THEY HAVE PINNED ENDS.

FOR THE COMPUTATION OF BEAM TO COL. MOMENT CAPACITY, THE PARTIAL FIXITY OF THE BEAM,(ASSUMED AT

AN ARBITRARY 25% OF THE FIXED END MOMENT OR 2000 IN-LB WHICH EVER IS SMALLER) WILL BE ADDED
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Node Boundary Conditions

Node Label X [k/in] Y [k/in] Z [k/in]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction
3 N7 Reaction Reaction Reaction
4 N19 Reaction Reaction Reaction
5 N37 Reaction Reaction Reaction
6 N40 Reaction Reaction Reaction

Cold Formed Steel Properties

Label E [ksi] G [ksi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [ksi] Fu [ksi]

1 A570 Gr.33 29500 11346 0.3 0.65 0.49 33 52
2 A607 C1 Gr.55 29500 11346 0.3 0.65 0.49 55 70

Cold Formed Steel Section Sets

Label Shape Type Design List Material Design RuleArea [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 WS-UP WS-COL1.625X1.75X14GA Beam CS A570 Gr.33 Typical 0.372 0.133 0.202 0.000657
2 WS-BM WS-BM3.25X16GA Beam CS A570 Gr.33 Typical 0.413 0.116 0.572 0.001
3 WS-BRC -WS-BRC-1.34X0.75X20GA Beam CU A570 Gr.33 Typical 0.115 0.01 0.024 0.055

Basic Load Cases

BLC Description Category Nodal Distributed Area(Member)

1 DL DL 2
2 LL LL 2
3 ELZ ELZ 16
4 ELX ELX 16
5 BLC 1 Transient Area Loads None 8
6 BLC 2 Transient Area Loads None 8

Load Combinations

Description Solve BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 LC-1 Yes DL 1
2 LC-2 Yes LL 1
3 LC-3 Yes DL 1 LL 1
4 LC-4-AEL Yes DL 1 LL 0.67
5 LC-5 Yes DL 1 LL 0.67 ELX 0.525
6 LC-6 Yes DL 1 LL 0.67 ELZ 0.525
7 LC-7 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELX 0.525
8 LC-8 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELX 0.7
9 LC-9 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELX 0.7
10 LC-10 Yes DL 1 Sds*DL 0.105 LL 0.735 LL 0.016 Rho*ELZ 0.525
11 LC-11 Yes DL 1 Sds*DL 0.14 LL 0.595 LL 0.022 Rho*ELZ 0.7
12 LC-12 Yes DL 0.6 Sds*DL -0.14 LL 0.402 LL -0.021 Rho*ELZ 0.7
13
14 AB-FLC5-1 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX 1
15 AB-FLC5-2 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ 1
16 AB-FLC5-3 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELX -1
17 AB-FLC5-4 Yes DL 1.2 Sds*DL 0.2 LL 0.84 LL 0.031 Om*ELZ -1
18 AB-FLC7-5 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX 1
19 AB-FLC7-6 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ 1
20 AB-FLC7-7 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELX -1
21 AB-FLC7-8 Yes DL 0.9 Sds*DL -0.2 LL 0.603 LL -0.029 Om*ELZ -1
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Member Area Loads (BLC 1 : DL)

Node A Node B Node C Node D Direction Load Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N20 N5 N39 N41 Y A-B -5 -5 -5 -5 Yes
2 N36 N33 N53 N54 Y A-B -5 -5 -5 -5 Yes

Member Area Loads (BLC 2 : LL)

Node A Node B Node C Node D Direction Load Direction A Magnitude [psf] B Magnitude [psf] C Magnitude [psf] D Magnitude [psf] Exclude Braces

1 N20 N5 N39 N41 Y A-B -37.5 -37.5 -37.5 -37.5 Yes
2 N36 N33 N53 N54 Y A-B -37.5 -37.5 -37.5 -37.5 Yes

Node Loads and Enforced Displacements (BLC 3 : ELZ)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N20 L Z 11.032
2 N5 L Z 11.032
3 N8 L Z 11.032
4 N8 L Z 11.032
5 N6 L Z 11.032
6 N6 L Z 11.032
7 N41 L Z 11.032
8 N39 L Z 11.032
9 N33 L Z 5.516
10 N36 L Z 5.516
11 N35 L Z 5.516
12 N35 L Z 5.516
13 N34 L Z 5.516
14 N34 L Z 5.516
15 N54 L Z 5.516
16 N53 L Z 5.516

Node Loads and Enforced Displacements (BLC 4 : ELX)

Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/in, lb*s²*in)]

1 N20 L X 7.355
2 N5 L X 7.355
3 N8 L X 7.355
4 N8 L X 7.355
5 N6 L X 7.355
6 N6 L X 7.355
7 N41 L X 7.355
8 N39 L X 7.355
9 N33 L X 3.677
10 N36 L X 3.677
11 N35 L X 3.677
12 N35 L X 3.677
13 N34 L X 3.677
14 N34 L X 3.677
15 N54 L X 3.677
16 N53 L X 3.677

Member Distributed Loads (BLC 5 : BLC 1 Transient Area Loads)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M4 Y -4.167 -4.167 0 96
2 M18 Y -4.167 -4.167 0 96
3 M23 Y -4.167 -4.167 0 96
4 M31 Y -4.168 -4.168 0 96
5 M19 Y -4.167 -4.167 0 96
6 M20 Y -4.167 -4.167 0 96
7 M32 Y -4.167 -4.167 0 96
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Member Distributed Loads (BLC 5 : BLC 1 Transient Area Loads) (Continued)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

8 M33 Y -4.168 -4.168 0 96

Member Distributed Loads (BLC 6 : BLC 2 Transient Area Loads)

Member Label Direction Start Magnitude [lb/ft, F, psf, lb-ft/in] End Magnitude [lb/ft, F, psf, lb-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M4 Y -31.256 -31.256 0 96
2 M18 Y -31.256 -31.256 0 96
3 M23 Y -31.256 -31.256 0 96
4 M31 Y -31.256 -31.256 0 96
5 M19 Y -31.256 -31.256 0 96
6 M20 Y -31.256 -31.256 0 96
7 M32 Y -31.256 -31.256 0 96
8 M33 Y -31.256 -31.256 0 96

Envelope Node Reactions

Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max -3.304 1 252.18 3 -0.002 1 0 12 0 12 0 12
2 min -28.081 3 -18.769 12 -25.012 11 0 1 0 1 0 1
3 N2 max 0 1 629.2 3 -0.1 1 0 12 0 12 0 12
4 min -32.656 8 31.272 12 -46.862 11 0 1 0 1 0 1
5 N7 max 0 1 661.477 10 2.084 11 0 12 0 12 0 12
6 min -32.462 8 74.319 1 0.058 1 0 1 0 1 0 1
7 N19 max -3.326 1 287.434 11 1.067 11 0 12 0 12 0 12
8 min -28.27 3 29.521 1 0.023 1 0 1 0 1 0 1
9 N37 max 28.081 3 252.18 3 0.002 9 0 12 0 12 0 12
10 min 3.304 1 -18.769 12 -25.012 11 0 1 0 1 0 1
11 N40 max 28.27 3 287.434 11 1.067 11 0 12 0 12 0 12
12 min 3.326 1 29.521 1 0.023 1 0 1 0 1 0 1
13 Totals: max 0 1 2267.12 3 0 1
14 min -61.779 9 266.72 1 -92.669 11

Envelope Maximum Member Section Forces

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

1 M1 max 252.18 3.75 3 28.081 3.75 3 4.665 47.5 11 0.469 60 3 10.831 103.7512 82.067 120 3
2 min -19.353 5 12 -31.141 60 3 -25.46 48.75 11 -0.02 48.75 9 -10.423 5 11 -73.657 60 3
3 M2 max635.356 53.75 3 32.656 3.75 8 8.876 47.5 11 0.007 47.5 8 20.286 48.75 11 28.549 5 8
4 min 31.272 0 12 0 0 1 -47.94 48.75 11 -0.123 60 8 -19.523 5 11 -29.341 60 8
5 M3 max -4.794 96 1 1.47 96 3 0.002 96 3 0 96 3 0.013 96 3 18.624 96 9
6 min -40.749 0 3 -4.758 0 9 -0.015 0 12 -0.003 0 12 -0.117 96 12 -19.438 0 9
7 M4 max 30.847 96 3 121.901 0 3 0.01 96 3 0 96 1 0.077 96 3 240.422 96 3
8 min 3.629 0 1 -161.489 96 3 -0.272 0 12 -0.005 0 11 -2.163 96 12 -127.665 41 3
9 M5 max663.814 5 10 0 120 12 53.716 11.25 11 0.04 11.25 8 12.358 11.25 11 29.163 60 9
10 min 37.787 61.25 1 -32.462 0 8 -5.5 60 12 -0.006 12.5 8 -21.919 97.5 12 -28.472 5 8
11 M6 max -0.213 20.004 1 1.335 20.004 3 0.026 20.004 8 0 20.00412 0.036 20.004 8 10.386 20.00412
12 min -55.768 0 11 -11.652 0 12 0 0 1 -0.003 0 8 -0.007 0 9 -9.038 0 12
13 M7 max123.12441.60511 2.718 41.60511 0 41.60512 0 41.60512 0.187 0 8 4.79 0 11
14 min 0.6 0 1 0.02 0 1 -0.057 0 8 -0.05 0 9 -0.011 41.605 8 -4.632 41.60511
15 M8 max -0.212 20.004 1 5.489 20.00412 0.026 20.004 8 0 20.00412 0.039 20.004 8 2.153 0 12
16 min -5.361 0 11 -0.368 0 3 0 0 1 -0.017 0 8 -0.004 0 8 -6.997 20.00412
17 M9 max 2.811 41.605 3 0.105 41.605 3 0.099 41.605 8 0.136 41.605 9 0 41.60512 5.919 41.60512
18 min -91.953 0 12 -3.124 0 12 0 0 1 0 0 1 -0.509 0 8 -4.913 0 12
19 M10 max 21.203 20.00412 16.046 20.00411 0 20.00412 0 20.00412 0.035 0 9 15.578 0 11
20 min -0.536 0 3 0.099 0 1 -0.023 0 8 -0.015 0 9 -0.003 20.004 8 -11.171 20.00411
21 M11 max287.434 3.75 11 31.328 102.5 3 28.579 11.25 11 0.019 96.25 3 6.463 11.25 11 72.454 60 3
22 min 14.252 61.25 1 -28.27 0 3 -3.038 60 12 -0.107 97.5 3 -11.985 97.5 12 -82.367 120 3
23 M12 max -0.04 20.004 1 0.61 20.004 3 0.005 20.004 9 -0.001 20.004 1 0.006 0 3 5.641 20.00412
24 min -29.662 0 11 -6.334 0 12 -0.033 0 3 -0.007 0 8 -0.049 20.004 3 -4.919 0 12
25 M13 max 65.28 41.60511 1.44 41.60511 0.058 41.605 3 -0.032 41.605 1 0.563 41.605 3 2.543 0 11
26 min 0.135 0 1 0.006 0 1 -0.018 0 9 -0.269 0 3 0.043 0 1 -2.449 41.60511
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Envelope Maximum Member Section Forces (Continued)

Member Axial[lb]Loc[in]LCy Shear[lb]Loc[in]LCz Shear[lb]Loc[in]LCTorque[lb-ft]Loc[in]LCy-y Moment[lb-ft]Loc[in]LCz-z Moment[lb-ft]Loc[in]LC

27 M14 max -0.072 20.004 1 2.959 20.00412 0.01 20.00412 0.031 20.004 3 0.016 20.004 9 1.16 0 12
28 min -2.523 0 11 -0.197 0 3 -0.026 0 3 -0.006 0 9 -0.03 20.004 3 -3.773 20.00412
29 M15 max 1.245 41.605 3 0.052 41.605 3 -0.042 41.605 1 -0.047 41.605 1 1.716 0 3 3.222 41.60512
30 min -49.888 0 12 -1.701 0 12 -0.36 0 3 -0.399 0 3 0.055 41.605 1 -2.675 0 12
31 M16 max 11.397 20.00412 8.608 20.00411 0.069 20.00410 -0.002 20.004 1 0.019 20.00411 8.384 0 11
32 min -0.251 0 3 0.036 0 1 0.008 0 1 -0.024 0 8 -0.105 0 3 -5.965 20.00411
33 M17 max -4.854 96 1 1.485 96 3 0.001 96 8 0 96 3 0.01 96 3 18.533 96 9
34 min -41.263 0 3 -4.732 0 9 -0.016 0 12 -0.003 0 12 -0.12 96 12 -19.321 0 9
35 M18 max 31.262 96 3 121.957 0 3 0.011 96 3 0 96 1 0.083 96 3 240.27 96 3
36 min 3.678 0 1 -161.433 96 3 -0.338 0 12 -0.009 0 11 -2.686 96 12 -127.558 41 3
37 M19 max -2.173 96 1 128.223 0 3 0.119 96 3 0 96 1 0.484 96 3 223.999 96 3
38 min -18.474 0 3 -155.167 96 3 -0.096 0 12 -0.003 0 11 -0.84 96 12 -115.817 43 3
39 M20 max -2.115 96 1 128.071 0 3 0.036 96 3 0 96 12 0.264 96 3 224.4 96 3
40 min -17.974 0 3 -155.319 96 3 -0.088 0 12 0 0 3 -0.693 96 12 -116.089 43 3
41 M21 max 252.18 3.75 3 31.141 60 3 4.665 47.5 11 0.008 47.5 8 10.831 103.7512 73.657 60 3
42 min -19.353 5 12 -28.081 0 3 -25.46 48.75 11 -0.469 60 3 -10.423 5 11 -82.067 120 3
43 M22 max -4.794 96 1 -0.173 96 1 0.015 96 12 0.003 96 12 0.013 0 3 27.797 96 8
44 min -40.749 0 3 -6.329 0 8 -0.002 0 3 0 0 3 -0.117 0 12 -22.832 0 8
45 M23 max 30.847 96 3 161.489 0 3 0.272 96 12 0.005 96 11 0.077 0 3 240.422 0 3
46 min 3.629 0 1 -121.901 96 3 -0.01 0 3 0 0 1 -2.163 0 12 -127.665 55 3
47 M24 max287.434 3.75 11 28.27 3.75 3 28.579 11.25 11 0.107 102.5 3 6.463 11.25 11 82.367 120 3
48 min 14.252 61.25 1 -31.328 97.5 3 -3.038 60 12 -0.019 60 3 -11.985 97.5 12 -72.454 60 3
49 M25 max -0.04 20.004 1 0.61 20.004 3 0.04 20.004 8 0.005 20.004 3 0.058 20.004 8 5.641 20.00412
50 min -29.662 0 11 -6.334 0 12 0.004 0 1 -0.002 0 9 -0.009 0 8 -4.919 0 12
51 M26 max 65.28 41.60511 1.44 41.60511 -0.007 41.605 1 0.269 41.605 3 0.047 0 9 2.543 0 11
52 min 0.135 0 1 0.006 0 1 -0.08 0 8 0.032 0 1 -0.563 41.605 3 -2.449 41.60511
53 M27 max -0.072 20.004 1 2.959 20.00412 0.036 20.004 8 -0.004 20.004 1 0.049 20.004 8 1.16 0 12
54 min -2.523 0 11 -0.197 0 3 -0.01 0 12 -0.039 0 8 -0.013 0 3 -3.773 20.00412
55 M28 max 1.245 41.605 3 0.052 41.605 3 0.36 41.605 3 0.399 41.605 3 -0.055 41.605 1 3.222 41.60512
56 min -49.888 0 12 -1.701 0 12 0.042 0 1 0.047 0 1 -1.716 0 3 -2.675 0 12
57 M29 max 11.397 20.00412 8.608 20.00411 -0.008 20.004 1 0.015 20.004 3 0.105 0 3 8.384 0 11
58 min -0.251 0 3 0.036 0 1 -0.069 0 10 -0.008 0 9 -0.019 20.00411 -5.965 20.00411
59 M30 max -4.854 96 1 -0.175 96 1 0.016 96 12 0.003 96 12 0.01 0 3 27.766 96 8
60 min -41.263 0 3 -6.319 0 8 -0.001 0 3 0 0 3 -0.12 0 12 -22.784 0 8
61 M31 max 31.262 96 3 161.433 0 3 0.338 96 12 0.009 96 11 0.083 0 3 240.27 0 3
62 min 3.678 0 1 -121.957 96 3 -0.011 0 3 0 0 1 -2.686 0 12 -127.558 55 3
63 M32 max -2.173 96 1 155.167 0 3 0.096 96 12 0.003 96 11 0.484 0 3 223.999 0 3
64 min -18.474 0 3 -128.223 96 3 -0.119 0 3 0 0 1 -0.84 0 12 -115.817 53 3
65 M33 max -2.115 96 1 155.319 0 3 0.088 96 12 0 96 3 0.264 0 3 224.4 0 3
66 min -17.974 0 3 -128.071 96 3 -0.036 0 3 0 0 12 -0.693 0 12 -116.089 53 3

Material Take-Off

Material Size Pieces Length[in] Weight[K]

1 Cold Formed Steel
2 A570 Gr.33 -WS-BRC-1.34X0.75X20GA 15 429.7 0.014
3 A570 Gr.33 WS-BM3.25X16GA 12 1152 0.135
4 A570 Gr.33 WS-COL1.625X1.75X14GA 6 720 0.076
5 Total CF Steel 33 2301.7 0.225
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FRAME

MAX. 

SHEAR 

(LBS)

MAX. UPLIFT 

PLATE CONN. 

(LBS)

MAX. 

COMP. 

(LBS)
A 13 1 521

A1 4 1 299

- - - -

- - - -

- - - -

MAX. LOADS 50 4 521

PLATE DIMENSIONS :

B: 3 1/2 in

D: 1 1/2 in

t1 : 12 GA

UPRITE POST PAD DIM. :

DIAM. : 1.5 in

ANCHOR PLATE SHEAR CHECK :

Fy : 38 ksi

d : 0.56 in

t1 : 0.105 in ANCHOR PLATE UPLIFT CHECK :

VAllow = 0.6Fy L1 t1/1.67 : 802 lbs OK b : 0.3125 in

S : 0.0010 in3

Mallow = 0.6 x38ksi x S = 22.8 lbs-in

BEARING ON CONCRERTE : Uplift ALLOW = (Mallow / b) x 2 = 146 lbs OK

f'c : 2,500 psi

F'p : 1,750 psi

Aeff. : 1.77 in2 

PAllow : 3,092 lbs OK

ANCHOR PLATE DESIGN OF FRAMES (A,A1,A2)

EVERY 4th FRAME

REFER TO APPENDIX A: 

SPEC'ED MATERIAL MUST BEND

180° FLAT ON ITSELF IN ANY

DIRECTION WITHOUT CRACKING

OUTSIDE MATERIAL.
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FRAME
MAX. SHEAR 

(LBS)

MAX. UPLIFT 

PLATE CONN. 

(LBS)

MAX. 

COMP. 

(LBS)

B 68 0 1485

C 89 0 1970

E4 47 0 661

- - - -

MAX. LOADS 354 0 1970

PLATE DIMENSIONS :

B: 2.25 in

D: 3.75 in

h : 1.375 in

h1 : 0.5 in

t1 : 12 GA

ANCHOR PLATE SHEAR CHECK : UPLIFT/TENSION FORCE CHECK:

Fy : 30 ksi b : 0.75 in

L1: 0.875 in S : 0.0069 in3

t1 : 0.105 in Mallow = 0.6 x30ksi x S = 126.0 lbs-in

VAllow = 0.6Fy L1 t1/1.67 : 990 lbs OK Uplift ALLOW = (Mallow / b) = 168 lbs OK

BEARING ON CONCRERTE : UPRITE SHEAR CHECK :

f'c : 2,500 psi Fy : 30 ksi

F'p : 1,750 psi t2 : 14 GA

Aeff. : 8.44 in2  (2.25in x 3.75in) 0.072 in

PAllow : 14,765 lbs OK L2: 6 in

VAllow = 0.6Fy L2 t2 / 1.67: 4,656 lbs OK

CONNECTION SCREW/BOLT SHEAR CHECK :

METAL SCREW : 5/16 in  ASTM A449

Fu1 : 47 ksi  (12 GA MATL. IN CONTACT WITH SCREW HEAD)

Fu2 : 47 ksi  (14 GA MATL. NOT IN CONTACT WITH SCREW HEAD)

Dia. : 5/16 in

t2/t1: 1.46

AISI S100-16; J4.3 Ω : 3.0
FOR t2/t1 ≤ 1.0, Pnv (kips) FOR t2/t1 ≥ 2.5, Pnv (kips) FOR 1.0 < t2/t1 < 2.5, Pnv (kips)

Pnv : 3.75 Pnv : 4.16 Pnv : 2.86

Pnv : 4.16 Pnv : 2.86

Pnv : 2.86

MIN. 2.86 MIN. 2.86

Pnv / 3 : 951.75 lbs OK

ANCHOR PLATE DESIGN OF FRAMES (B,C,E4)

EVERY 4th FRAME
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FRAME
MAX. SHEAR 

(LBS)

MAX. UPLIFT 

PLATE CONN. 

(LBS)

MAX. 

COMP. 

(LBS)

E 20 58 420

E1 39 30 893

- - - -

- - - -

- - - -

- - - -

MAX. LOADS 78 116 893

PLATE DIMENSIONS :

B : 2.25 in

D : 3.75 in

h : 1.375 in

h1 : 0.5 in

t1 : 12 GA

ANCHOR PLATE SHEAR CHECK : UPLIFT/TENSION FORCE :

Fy : 30 ksi d : 1.00 in

L1: 0.875 in S : 0.058 in3

t1 : 0.105 in Anchorage : 1 side

VAllow : 990 lbs OK MAllow : 1,052 lbs-in

UpliftAllow : 2,103 lbs OK

BEARING ON CONCRERTE : UPRITE SHEAR CHECK :

f'c : 2,500 psi Fy : 30 ksi

F'p : 1,750 psi t2 : 16 GA

Aeff. : 8.44 in2  (2.25in x 3.75in) 0.061 in

PAllow : 14,765 lbs OK L2: 1.5 in

VAllow : 986 lbs OK

CONNECTION SCREW SHEAR CHECK :

METAL SCREW : #10

Fu1 : 45 ksi  (12 GA MATL. IN CONTACT WITH SCREW HEAD)

Fu2 : 45 ksi  (16 GA MATL. NOT IN CONTACT WITH SCREW HEAD)

Dia. : 15/79 in

t2/t1: 1.72

AISI S100-16; J4.3 Ω : 3.0
FOR t2/t1 ≤ 1.0, Pnv (kips) FOR t2/t1 ≥ 2.5, Pnv (kips) FOR 1.0 < t2/t1 < 2.5, Pnv (kips)

Pnv : 2.80 Pnv : 2.42 Pnv : 1.41

Pnv : 2.42 Pnv : 1.41

Pnv : 1.41

MIN. 1.41 MIN. 1.41

Pnv / 3 : 469.40 lbs OK

ANCHOR PLATE DESIGN OF FRAMES (E,E1)

EVERY 2nd FRAME
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FRAME A, A1

ASSUME CONCRETE IS AS FOLLOW

THICK CONCRETE SLAB (t) = 4.0 in d = 2 in 

 f'c = 2,500 PSI MIN (NO INSPECTION)

ALLOWABLE SOIL BEARING PRESSURE = 750 PSF

Pmax (DL+LL+SEISMIC) < P = 521 LBS AREA REQ'D = 521.33 / 750 = 0.7 FT^2

BEARING PLATE = 1.50 in TYP. AREA = 1.77 in
2 

2'' 1.5'' 2''

BEARING 

PRESSURE

FT FT (FT
2
) (LBS/FT

2
)

1.67 1.67 2.79 186.93

FACTOR OF SAFETY =  750 PSF / 186.93 PSF  = 4.01 OK

2''

4''

2'' 2''

5.5''

FOR TWO WAY DIAGONAL TENSION ACTION

SHEAR Vu = 2 x TLmax x (EFFECTIVE AREA) LENGTH = ( 2 x PI x 2.75'' ) = 17.28''

Vu = 2 x 186.9 PSF x (2.79 FT^2 - 0.165 FT^2) AREA = L x d = 17.28'' x 2''

Vu = 981 LBS = 34.56 IN
2 

d = 2.00 IN

bo = (2 x PI x 2.75'') vu = 981 LBS / 34.56 IN^2

bo = 17.28 IN = 28.38 PSI

Vallow = 0.85 x 2 x sqrt( 2500 PSI ) x 17.28 x 2'' Vallow = 0.85 x 2 x sqrt( 2500 PSI ) 

= 2938 LBS = 85.00 PSI

Vallow > vu OK Vallow > vu OK

AREA USED

SLAB PUNCH SHEAR FOR
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FRAME B, C, E, E1, E4

ASSUME CONCRETE IS AS FOLLOW

THICK CONCRETE SLAB (t) = 4.0 in d = 4 in 

 f'c = 2,500 PSI MIN (NO INSPECTION)

ALLOWABLE SOIL BEARING PRESSURE = 750 PSF

Pmax (DL+LL+SEISMIC) < P = 1,970 LBS AREA REQ'D = 1969.539 / 750 = 2.63 FT^2

BEARING PLATE 3.75 x 2.25 in TYP. AREA = 8.44 in
2 

4'' 3.75'' 4''

BEARING 

PRESSURE

FT FT (FT
2
) (LBS/FT

2
)

2 1.75 3.50 562.73

4''

FACTOR OF SAFETY =  750 PSF / 562.73 PSF  = 1.33 OK

2.25''

4''

4''

4'' 3.75'' 4''

(4'') (2.25'') (4'')

7.75''

(6.25'')

FOR TWO WAY DIAGONAL TENSION ACTION

SHEAR Vu = 1.7 x TLmax x (EFFECTIVE AREA) LENGTH = ( 11.75'' x 2) + (10.25'' x 2) = 44''

Vu = 1.7 x 562.7 PSF x (3.5 FT^2 - 0.8364 FT^2) AREA = L x d = 44'' x 4''

Vu = 2548 LBS = 176.00 IN
2 

d = 4.00 IN

bo = [ 2 (2.25'' +8'')] + [ 2 (3.75'' +8'')] vu = 2548 LBS / 176 IN^2

bo = 44.00 IN = 14.48 PSI

Vallow = 0.85 x 2 x sqrt( 2500 PSI ) x 44 x 4'' Vallow = 0.85 x 2 x sqrt( 2500 PSI ) 

= 14960 LBS = 85.00 PSI

Vallow > vu OK Vallow > vu OK

SLAB PUNCH SHEAR FOR

AREA USED
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Point Load on Slab
LIC# : KW-06014565, Build:20.24.12.17 JOE P. HILL, PE INC (c) ENERCALC, LLC 1982-2026

DESCRIPTION: SLAB ON GRADE FOR ALL FRAMES

Project File: SLAB-ON-GRADE.ec6

Project Title:
Engineer:
Project ID:
Project Descr:

Code References

Calculations per IBC 2021

Load Combinations Used : ASCE 7-22 / IBC 2024

Analytical Values

50.0
3,122.02

2.50
0.150

3.0 : 1

4.0

- LRFD Reduction Factor 0.850φ
Min. Adjacent Load Distance in36.239

ksi
f'c - Concrete Compressive Strength ksi

pcid - Slab Thickness in Ks - Soil Modulus of Subgrade Reaction
Ec - Concrete Elastic Modulus

- Poisson's Ratio

FS - Req'd Factor of Safety

µ

Pn = 1.72  [  (Ks R1 / Ec) 10,000 + 3.6] Fr d^2 Min Adjacent Column Distance =

R1 = 50% plate average dimension = sqrt( PlWid * PlLen) /2 d - Slab Thickness

Ec = Concrete elastic modulus u - Poisson's ratio

Fr - Concrete modulus of rupture = 7.5 * sqrt( f'c )
d - Slab Thickness

Ks = Soil modulus of subgrade reaction

Ks = Soil modulus of subgrade reaction Ec = Concrete elastic modulus

1.5 * ( [ Ec d^3 / (12 * ( 1- u^2 ) Ks ] ^ 1/4 )

Analysis Formulas

GoverningApplied Concentrated Load on Plate - (kip)

E Check(in)LenWidLoad ID
Plate

L
Pu Phi*PnR1(in)

D Lr S W Ld Comb (kip)(kip)

Load & Capacity Table

A Pass, FS=39.15 >= 30.751.50 1.50 0.52 0.8+1.60L 32.6

B, C,E,E1,E4 Pass, FS=10.62 >= 31.453.75 2.25 1.98 3.2+1.60L 33.6
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Appendix B
Typical Component

Section Properties for Lozier
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May 21, 2015

08:54 AM

Checked By:______

Section Properties: BASE SECTION

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 2

Basic Properties:

Total Width = 1.624 in

Total Height = 6.000 in

Centroid, Xo = 0.148 in

Centroid, Yo = -0.000 in

X-Bar (Right) = 0.812 in

X-Bar (Left) = 0.812 in

Y-Bar (Top) = 3.000 in

Y-Bar (Bot) = 3.000 in

Max Thick = 0.033 in

Equivalent Properties:

Area, Ax = 0.488 in^2

Inertia, Ixx = 2.011 in^4

Inertia, Iyy = 0.025 in^4

Inertia, Ixy = 0.000 in^4

Sx (Top) = 0.670 in^3

Sx (Bot) = 0.670 in^3

Sy (Left) = 0.030 in^3

Sy (Right) = 0.030 in^3

rx = 2.029 in

ry = 0.224 in

Plastic Zx = 0.870 in^3

Plastic Zy = 0.072 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\RISA Section Files\GONDOLA-.nmsx   Page 1
B2



Section Properties: 13-shelf-N

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 2

Basic Properties:

Total Width = 13.170 in

Total Height = 1.400 in

Centroid, Xo = 6.615 in

Centroid, Yo = 1.208 in

X-Bar (Right) = 6.585 in

X-Bar (Left) = 6.585 in

Y-Bar (Top) = 0.237 in

Y-Bar (Bot) = 1.163 in

Max Thick = 0.030 in

Equivalent Properties:

Area, Ax = 0.600 in^2

Inertia, Ixx = 0.096 in^4

Inertia, Iyy = 10.198 in^4

Inertia, Ixy = -0.000 in^4

Sx (Top) = 0.405 in^3

Sx (Bot) = 0.082 in^3

Sy (Left) = 1.549 in^3

Sy (Right) = 1.549 in^3

rx = 0.400 in

ry = 4.124 in

Plastic Zx = 0.135 in^3

Plastic Zy = 2.078 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\RISA Section Files\GONDOLA-NEW.nmsx
B3



Section Properties: 16-shelf-N

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 2

Basic Properties:

Total Width = 16.170 in

Total Height = 1.400 in

Centroid, Xo = 8.125 in

Centroid, Yo = 1.249 in

X-Bar (Right) = 8.085 in

X-Bar (Left) = 8.085 in

Y-Bar (Top) = 0.206 in

Y-Bar (Bot) = 1.194 in

Max Thick = 0.030 in

Equivalent Properties:

Area, Ax = 0.695 in^2

Inertia, Ixx = 0.100 in^4

Inertia, Iyy = 17.586 in^4

Inertia, Ixy = -0.000 in^4

Sx (Top) = 0.484 in^3

Sx (Bot) = 0.084 in^3

Sy (Left) = 2.175 in^3

Sy (Right) = 2.175 in^3

rx = 0.379 in

ry = 5.031 in

Plastic Zx = 0.136 in^3

Plastic Zy = 2.937 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\RISA Section Files\GONDOLA-NEW.nmsx
B4



Nov 4, 2016

15:50 PM

Checked By:______

Section Properties: 17-shelf-N

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 3

Basic Properties:

Total Width = 17.663 in

Total Height = 1.400 in

Centroid, Xo = 8.827 in

Centroid, Yo = 1.179 in

X-Bar (Right) = 8.837 in

X-Bar (Left) = 8.827 in

Y-Bar (Top) = 0.221 in

Y-Bar (Bot) = 1.179 in

Max Thick = 17.663 in

Equivalent Properties:

Area, Ax = 0.816 in^2

Inertia, Ixx = 0.114 in^4

Inertia, Iyy = 23.414 in^4

Inertia, Ixy = 0.001 in^4

Sx (Top) = 0.517 in^3

Sx (Bot) = 0.097 in^3

Sy (Left) = 2.653 in^3

Sy (Right) = 2.650 in^3

rx = 0.374 in

ry = 5.357 in

Plastic Zx = 0.170 in^3

Plastic Zy = 3.795 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\RISA Section Files\GONDOLA-NEW.nmsx   Page 1
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Oct 12, 2015

17:27 PM

Checked By:______

Section Properties: 19-shelf

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 3

Basic Properties:

Total Width = 19.170 in

Total Height = 1.400 in

Centroid, Xo = 9.646 in

Centroid, Yo = 1.226 in

X-Bar (Right) = 9.553 in

X-Bar (Left) = 9.618 in

Y-Bar (Top) = 0.208 in

Y-Bar (Bot) = 1.192 in

Max Thick = 0.030 in

Equivalent Properties:

Area, Ax = 0.864 in^2

Inertia, Ixx = 0.115 in^4

Inertia, Iyy = 29.272 in^4

Inertia, Ixy = -0.007 in^4

Sx (Top) = 0.555 in^3

Sx (Bot) = 0.097 in^3

Sy (Left) = 3.044 in^3

Sy (Right) = 3.064 in^3

rx = 0.365 in

ry = 5.822 in

Plastic Zx = 0.169 in^3

Plastic Zy = 4.377 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\RISA Section Files\GONDOLA-NEW.nmsx   Page 1
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Company : 
Designer : 
Job Number: 

Nov 13, 2025
03:47 AM
Checked By:______

Section Properties: HD GONDOLA UPRIGHT OPN

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 6

Basic Properties:

Total Width = 1.861 in

Total Height = 2.872 in

Centroid, Xo = 1.870 in

Centroid, Yo = 0.839 in

X-Bar (Right) = 0.931 in

X-Bar (Left) = 0.931 in

Y-Bar (Top) = 1.435 in

Y-Bar (Bot) = 1.437 in

Max Thick = 2.531 in

Equivalent Properties:

Area, Ax = 0.866 in^2

Inertia, Ixx = 1.083 in^4

Inertia, Iyy = 0.273 in^4

Inertia, Ixy = 0.000 in^4

Sx (Top) = 0.754 in^3

Sx (Bot) = 0.753 in^3

Sy (Left) = 0.293 in^3

Sy (Right) = 0.293 in^3

rx = 1.118 in

ry = 0.561 in

Plastic Zx = 0.919 in^3

Plastic Zy = 0.468 in^3

Torsional J = 0.006 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram

C:\Users\ameer\Desktop\Engineering\Structural Engineering\Companies\JPH & CLARK\jph company\RisaSectionProp\GO...   Page 1
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May 21, 2015

08:55 AM

Checked By:______

Section Properties: GONDOLA UPRIGHT OPN

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 6

Basic Properties:

Total Width = 1.899 in

Total Height = 2.593 in

Centroid, Xo = 0.990 in

Centroid, Yo = 1.372 in

X-Bar (Right) = 0.950 in

X-Bar (Left) = 0.950 in

Y-Bar (Top) = 1.296 in

Y-Bar (Bot) = 1.297 in

Max Thick = 2.531 in

Equivalent Properties:

Area, Ax = 0.757 in^2

Inertia, Ixx = 0.817 in^4

Inertia, Iyy = 0.237 in^4

Inertia, Ixy = 0.000 in^4

Sx (Top) = 0.630 in^3

Sx (Bot) = 0.630 in^3

Sy (Left) = 0.250 in^3

Sy (Right) = 0.250 in^3

rx = 1.039 in

ry = 0.560 in

Plastic Zx = 0.746 in^3

Plastic Zy = 0.406 in^3

Torsional J = 0.005 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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Company : 
Designer : 
Job Number: 

Nov 12, 2025
16:08 PM
Checked By:______

Section Properties: WS BEAM 3.25x16GA (0.061")

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 1

Basic Properties:

Total Width = 1.688 in

Total Height = 3.247 in

Centroid, Xo = 1.205 in

Centroid, Yo = 1.798 in

X-Bar (Right) = 0.482 in

X-Bar (Left) = 1.205 in

Y-Bar (Top) = 1.449 in

Y-Bar (Bot) = 1.798 in

Max Thick = 0.061 in

Equivalent Properties:

Area, Ax = 0.413 in^2

Inertia, Ixx = 0.572 in^4

Inertia, Iyy = 0.116 in^4

Inertia, Ixy = -0.059 in^4

Sx (Top) = 0.394 in^3

Sx (Bot) = 0.318 in^3

Sy (Left) = 0.096 in^3

Sy (Right) = 0.240 in^3

rx = 1.176 in

ry = 0.529 in

Plastic Zx = 0.428 in^3

Plastic Zy = 0.184 in^3

Torsional J = 0.001 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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Jul 24, 2015

14:15 PM

Checked By:______

Section Properties: WS BRACINGS 20GA

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 2

Basic Properties:

Total Width = 0.750 in

Total Height = 1.342 in

Centroid, Xo = 2.804 in

Centroid, Yo = 0.557 in

X-Bar (Right) = 0.375 in

X-Bar (Left) = 0.375 in

Y-Bar (Top) = 0.671 in

Y-Bar (Bot) = 0.671 in

Max Thick = 0.033 in

Equivalent Properties:

Area, Ax = 0.115 in^2

Inertia, Ixx = 0.024 in^4

Inertia, Iyy = 0.010 in^4

Inertia, Ixy = 0.000 in^4

Sx (Top) = 0.035 in^3

Sx (Bot) = 0.035 in^3

Sy (Left) = 0.027 in^3

Sy (Right) = 0.027 in^3

rx = 0.453 in

ry = 0.298 in

Plastic Zx = 0.046 in^3

Plastic Zy = 0.032 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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May 21, 2015

08:56 AM

Checked By:______

Section Properties: WS UPRITE 14GA (0.072")

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 2

Basic Properties:

Total Width = 1.625 in

Total Height = 1.750 in

Centroid, Xo = 1.176 in

Centroid, Yo = 0.446 in

X-Bar (Right) = 0.878 in

X-Bar (Left) = 0.747 in

Y-Bar (Top) = 0.875 in

Y-Bar (Bot) = 0.875 in

Max Thick = 1.625 in

Equivalent Properties:

Area, Ax = 0.372 in^2

Inertia, Ixx = 0.202 in^4

Inertia, Iyy = 0.133 in^4

Inertia, Ixy = -0.000 in^4

Sx (Top) = 0.231 in^3

Sx (Bot) = 0.231 in^3

Sy (Left) = 0.178 in^3

Sy (Right) = 0.151 in^3

rx = 0.738 in

ry = 0.597 in

Plastic Zx = 0.265 in^3

Plastic Zy = 0.200 in^3

Torsional J = 0.001 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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Section Properties: S-SERIES UPRITE-EXT 16GA

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 3

Basic Properties:

Total Width = 1.120 in

Total Height = 1.500 in

Centroid, Xo = 0.000 in

Centroid, Yo = 0.139 in

X-Bar (Right) = 0.560 in

X-Bar (Left) = 0.560 in

Y-Bar (Top) = 0.611 in

Y-Bar (Bot) = 0.889 in

Max Thick = 0.060 in

Equivalent Properties:

Area, Ax = 0.194 in^2

Inertia, Ixx = 0.050 in^4

Inertia, Iyy = 0.027 in^4

Inertia, Ixy = 0.000 in^4

Sx (Top) = 0.082 in^3

Sx (Bot) = 0.056 in^3

Sy (Left) = 0.048 in^3

Sy (Right) = 0.048 in^3

rx = 0.508 in

ry = 0.374 in

Plastic Zx = 0.084 in^3

Plastic Zy = 0.068 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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Section Properties: S-SERIES UPRITE-INT 16GA

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 6

Basic Properties:

Total Width = 1.120 in

Total Height = 3.000 in

Centroid, Xo = 0.429 in

Centroid, Yo = 0.321 in

X-Bar (Right) = 0.560 in

X-Bar (Left) = 0.560 in

Y-Bar (Top) = 1.500 in

Y-Bar (Bot) = 1.500 in

Max Thick = 0.061 in

Equivalent Properties:

Area, Ax = 0.387 in^2

Inertia, Ixx = 0.245 in^4

Inertia, Iyy = 0.054 in^4

Inertia, Ixy = -0.000 in^4

Sx (Top) = 0.163 in^3

Sx (Bot) = 0.163 in^3

Sy (Left) = 0.097 in^3

Sy (Right) = 0.097 in^3

rx = 0.795 in

ry = 0.374 in

Plastic Zx = 0.237 in^3

Plastic Zy = 0.137 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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May 21, 2015

08:57 AM

Checked By:______

Section Properties: S-SERIES BRACE

Section Information:

Material Type = General

Shape Type = Arbitrary

Number of Shapes = 1

Basic Properties:

Total Width = 0.625 in

Total Height = 4.500 in

Centroid, Xo = 2.966 in

Centroid, Yo = 0.524 in

X-Bar (Right) = 0.542 in

X-Bar (Left) = 0.083 in

Y-Bar (Top) = 2.250 in

Y-Bar (Bot) = 2.250 in

Max Thick = 0.048 in

Equivalent Properties:

Area, Ax = 0.269 in^2

Inertia, Ixx = 0.628 in^4

Inertia, Iyy = 0.005 in^4

Inertia, Ixy = -0.000 in^4

Sx (Top) = 0.279 in^3

Sx (Bot) = 0.279 in^3

Sy (Left) = 0.063 in^3

Sy (Right) = 0.010 in^3

rx = 1.527 in

ry = 0.140 in

Plastic Zx = 0.361 in^3

Plastic Zy = 0.018 in^3

Torsional J = 0.000 in^4

As-xx Def = 1.000

As-yy Def = 1.000

As-xx Stress = 1.000

As-yy Stress = 1.000

Section Diagram
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Appendix C

Anchor Bolt Design
ICC ESR Report

 

JOB:  DATE:  

 

BY:  CHD:  

    

 

 

JPH & CLARK, INC.
CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC



Assume

MAX. SHEAR MAX. UPLIFT SLAB THK.

(LBS)* (LBS)* (IN)

A 22 12 4

A1 8 1 4

MAX. SHEAR MAX. UPLIFT

(LBS) (LBS)

MAX. LOADS 22 12

LRFD - FACTORED LOADS 92 48

ANCHOR BRAND :

No. OF ANCHORS : 2

DIAMETER OF ANCHOR : 1/4 in

MIN. EMBEDMENT : 2 in

PRODUCT :

DEWALT POWER SCREW-BOLT+ 

ANCHOR, INSTALLATION PER ESR-3889.

SEE NEXT PAGES FOR ANCHOR BOLT DESIGN BASED ON WORST CASE 

LOADING

ANCHOR BOLT DESIGN OF FRAMES (A,A1,A2)

FRAME

EVERY 4th FRAME

HILTI

HILTI KWIK HUS-EZ (KH-EZ) SCREW ANCHOR, 

CARBON STEEL, INSTALLATION PER ESR-

3027.

ADD STANDARD WASHERS.

ACCEPTABLE ALTERNATIVES LISTED 

BELOW (1/4" DIAMETER, 2.5" MIN. 

EMBEDMENT)

SIMPSON-TIE CARBON STEEL TITEN HD 

SCREW, INSTALLATION PER ESR-2713.

C2

 

JOB:  DATE:  

 

BY:  CHD:  

    

 

 

JPH & CLARK, INC.
CONSULTING STRUCTURAL ENGINEERING

1801 N. HAMPTON RD., SUITE 440
DESOTO, TX 75115-2399

(972) 283-5111

26460 09/02/2026

AA KRC
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Input data and results must be checked for conformity with the existing conditions and for plausibility! 
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1

Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

1

9/2/2026

Specifier's comments: 

1 Input data

 Anchor type and diameter:  KWIK HUS-EZ (KH-EZ) (Carbon Steel) 1/4 (2 1/2)

 Item number:  418045 KH-EZ 1/4"x2 5/8"

 Specification text:  HILTI Æ 1/4 IN KWIK HUS-EZ (KH-EZ)
 (CARBON STEEL) WITH 2.5 IN NOMINAL
 EMBEDMENT DEPTH PER ICC-ES ESR-3027
 , HAMMER DRILL BIT INSTALLATION PER
 MPII  

 Effective embedment depth:  hef,act = 1.920 in., hnom = 2.500 in.

 Material:  Carbon Steel

 Evaluation Service Report:  ESR-3027

 Issued I Valid:  3/1/2026 | 12/1/2027

 Proof:  Design Method ACI 318-19 / Mech

 Shear edge breakout verification:  Row closest to edge (Case 3 only from ACI 318-19 Fig. R.17.7.2.1b)

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.118 in.

 Anchor plateR :  lx x ly x t = 1.500 in. x 3.500 in. x 0.118 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 2500, fc' = 2,500 psi; h = 4.125 in.

 Installation:  Hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R - The anchor calculation is based on a rigid anchor plate assumption.

C3
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Hilti PROFIS Engineering 3.1.34

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

2

9/2/2026

Geometry [in.] & Loading [lb, in.lb]
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Input data and results must be checked for conformity with the existing conditions and for plausibility! 
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

3

9/2/2026

1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 48; Vx = 92; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 8

Tension

1

2

x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 24 46 46 0
2 24 46 46 0

Max. concrete compressive strain: - [‰]
Max. concrete compressive stress: - [psi]
Resulting tension force in (x/y)=(0.000/0.000): 48 [lb]
Resulting compression force in (x/y)=(-/-): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 24 3,679 1 OK

 Pullout Strength* 24 568 5 OK

 Concrete Breakout Failure** 48 1,557 4 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

4

9/2/2026

 3.1 Steel Strength

Nsa = ESR value  refer to ICC-ES ESR-3027
f  Nsa ³ Nua  ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.05 125,000

Calculations

Nsa [lb]
5,660

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
5,660 0.650 1.000 3,679 24

 3.2 Pullout Strength

N
pn,f'c

= Np,2500 l a (fc'/2500)0.5  refer to ICC-ES ESR-3027
f  N

pn,f'c
³ Nua  ACI 318-19 Table 17.5.2

Variables

f'c [psi] l a Np,2500 [lb]
2,500 1.000 1,166

Calculations

(fc'/2500)0.5

1.000

Results
N

pn,f'c
 [lb] f concrete f seismic f nonductile

f  N
pn,f'c

 [lb] Nua [lb]
1,166 0.650 0.750 1.000 568 24
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

5

9/2/2026

 3.3 Concrete Breakout Failure

Ncbg = (ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb  ACI 318-19 Eq. (17.6.2.1b)

f  Ncbg ³ Nua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.3.1)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.] y c,N

1.920 0.000 0.000 3.000 1.000

cac [in.] kc l a f'c [psi]
2.780 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
46.86 33.18 1.000 1.000 1.000 1.000 2,261

Results

Ncbg [lb] f concrete f seismic f nonductile f  Ncbg [lb] Nua [lb]
3,194 0.650 0.750 1.000 1,557 48
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
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Date:
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9/2/2026

4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 46 837 6 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 92 2,236 5 OK

 Concrete edge failure in direction x+** 92 1,158 8 OK

 * highest loaded anchor    **anchor group (relevant anchors)
 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 4.1 Steel Strength

Vsa,eq = ESR value  refer to ICC-ES ESR-3027
f  Vsteel ³ Vua  ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.05 125,000 0.900

Calculations

Vsa,eq [lb]
1,395

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
1,395 0.600 1.000 837 46
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
A - Wall Frame - Anchor Design

Page:
Specifier:
E-Mail:
Date:

7

9/2/2026

 4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]  ACI 318-19 Eq. (17.7.3.1b)

f  Vcpg ³ Vua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.3.1)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
1 1.920 0.000 0.000 3.000

y c,N cac [in.] kc l a f'c [psi]
1.000 2.780 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
46.86 33.18 1.000 1.000 1.000 1.000 2,261

Results

Vcpg [lb] f concrete f seismic f nonductile f  Vcpg [lb] Vua [lb]
3,194 0.700 1.000 1.000 2,236 92
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Design:
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 4.3 Concrete edge failure in direction x+

Vcbg = (AVc
AVc0

) y ec,V y ed,V y c,V y h,V y parallel,V Vb  ACI 318-19 Eq. (17.7.2.1b)

f  Vcbg ³ Vua  ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)*
AVc0 = 4.5 c2

a1  ACI 318-19 Eq. (17.7.2.1.3)

y ec,V = ( 1

1 + 
e'

v
1.5ca1

) £ 1.0  ACI 318-19 Eq. (17.7.2.3.1)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0  ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0  ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1  ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] ecV [in.] y c,V ha [in.]
3.000 - 0.000 1.000 4.125

le [in.] l a da [in.] f'c [psi] y parallel,V

1.920 1.000 0.250 2,500 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ec,V y ed,V y h,V Vb [lb]
46.93 40.50 1.000 1.000 1.044 1,367

Results

Vcbg [lb] f concrete f seismic f nonductile f  Vcbg [lb] Vua [lb]
1,654 0.700 1.000 1.000 1,158 92

 *Anchor row defined by: Anchor 1, 2; Case 3 controls

 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.042 0.079 5/3 2 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means

 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid anchor plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to
 https://viewer.joomag.com/profis-design-guide-us-en-summer-2021/0841849001625154758?short&/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D, E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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7 Installation data
 Anchor type and diameter: KWIK HUS-EZ (KH-EZ)
 (Carbon Steel) 1/4 (2 1/2)

 Profile: no profile  Item number: 418045 KH-EZ 1/4"x2 5/8"
 Hole diameter in the fixture: df = 0.375 in.  Maximum installation torque: 216 in.lb
 Plate thickness (input): 0.118 in.  Hole diameter in the base material: 0.250 in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 2.875 in.
 Drilling method: Hammer drilled  Minimum thickness of the base material: 4.125 in.
 Cleaning: Manual cleaning of the drilled hole according to instructions for use is
 required.

 Hilti Æ 1/4 in KWIK HUS-EZ (KH-EZ) (Carbon Steel) with 2.5 in nominal embedment depth per ICC-ES ESR-3027 , Hammer drill bit installation per
 MPII  

7.1 Recommended accessories

Drilling Cleaning Setting
•  Suitable Rotary Hammer
•  Properly sized drill bit

•  Manual blow-out pump •  Torque wrench
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Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -0.000 -1.188 - 3.000 - -
2 -0.000 1.188 - 3.000 - -
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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Assume

MAX. SHEAR MAX. UPLIFT SLAB THK.

(LBS)* (LBS)* (IN)

B 192 0 4

C 252 0 4

E4 133 0 4

*Includes Ωο = 2 and are factored loads

MAX. SHEAR MAX. UPLIFT

(LBS) (LBS)

MAX. LOADS 252 0

LRFD - FACTORED LOADS 1,008 4

ANCHOR BRAND :

No. OF ANCHORS : 1

DIAMETER OF ANCHOR : 3/8 in

MIN. EMBEDMENT : 2 1/2 in

PRODUCT :

DEWALT POWER SCREW-BOLT+ 

ANCHOR, INSTALLATION PER ESR-3889.

ANCHOR BOLT DESIGN OF FRAMES (B,C,E4)

FRAME

EVERY 4th FRAME

DEWALT POWERS

HILTI KWIK HUS-EZ (KH-EZ) SCREW 

ANCHOR, CARBON STEEL, INSTALLATION 

PER ESR-3027.

ACCEPTABLE ALTERNATIVES LISTED 

BELOW (3/8" DIAMETER, 2.5" MIN. 

EMBEDMENT)

SIMPSON-TIE CARBON STEEL TITEN HD 

SCREW, INSTALLATION PER ESR-2713.
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  KWIK HUS-EZ (KH-EZ) (Carbon Steel) 3/8 (2 1/2)

 Item number:  418057 KH-EZ 3/8"x3"

 Specification text:  HILTI Æ 3/8 IN KWIK HUS-EZ (KH-EZ)
 (CARBON STEEL) WITH 2.5 IN NOMINAL
 EMBEDMENT DEPTH PER ICC-ES ESR-3027
 , HAMMER DRILL BIT INSTALLATION PER
 MPII  

 Effective embedment depth:  hef,act = 1.860 in., hnom = 2.500 in.

 Material:  Carbon Steel

 Evaluation Service Report:  ESR-3027

 Issued I Valid:  3/1/2026 | 12/1/2027

 Proof:  Design Method ACI 318-19 / Mech

 Shear edge breakout verification:  Row closest to edge (Case 3 only from ACI 318-19 Fig. R.17.7.2.1b)

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.118 in.

 Anchor plateR :  lx x ly x t = 2.250 in. x 3.750 in. x 0.118 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 2500, fc' = 2,500 psi; h = 4.000 in.

 Installation:  Hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R - The anchor calculation is based on a rigid anchor plate assumption.
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Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 4; Vx = 1,008; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 80

Tension

Compression
1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 6 1,008 1,008 0

Max. concrete compressive strain: 0.00 [‰]
Max. concrete compressive stress: 5 [psi]
Resulting tension force in (x/y)=(0.377/0.000): 6 [lb]
Resulting compression force in (x/y)=(1.046/0.000): 2 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 6 6,718 1 OK

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 6 1,051 1 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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 3.1 Steel Strength

Nsa = ESR value  refer to ICC-ES ESR-3027
f  Nsa ³ Nua  ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.09 120,300

Calculations

Nsa [lb]
10,335

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
10,335 0.650 1.000 6,718 6

 3.2 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb  ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
1.860 3.750 1.000 2.920 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
31.14 31.14 1.000 1.000 2,156

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
2,156 0.650 0.750 1.000 1,051 6
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 1,008 1,866 55 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 1,008 1,509 67 OK

 Concrete edge failure in direction x+** 1,008 1,266 80 OK

 * highest loaded anchor    **anchor group (relevant anchors)
 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 4.1 Steel Strength

Vsa,eq = ESR value  refer to ICC-ES ESR-3027
f  Vsteel ³ Vua  ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.09 120,300 0.600

Calculations

Vsa,eq [lb]
3,110

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
3,110 0.600 1.000 1,866 1,008
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 4.2 Pryout Strength

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]  ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

1 1.860 3.750 1.000

cac [in.] kc l a f'c [psi]
2.920 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
31.14 31.14 1.000 1.000 2,156

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
2,156 0.700 1.000 1.000 1,509 1,008
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 4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb  ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua  ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)*
AVc0 = 4.5 c2

a1  ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0  ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0  ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1  ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
3.750 - 1.000 4.000 1.860

l a da [in.] f'c [psi] y parallel,V

1.000 0.375 2,500 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
45.00 63.28 1.000 1.186 2,144

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
1,808 0.700 1.000 1.000 1,266 1,008

 *Anchor row defined by: Anchor 1; Case 3 controls

 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.006 0.796 1.000 67 OK

bNV = (bN + bV) / 1.2 <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means

 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid anchor plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to
 https://viewer.joomag.com/profis-design-guide-us-en-summer-2021/0841849001625154758?short&/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D, E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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7 Installation data
 Anchor type and diameter: KWIK HUS-EZ (KH-EZ)
 (Carbon Steel) 3/8 (2 1/2)

 Profile: no profile  Item number: 418057 KH-EZ 3/8"x3"
 Hole diameter in the fixture: df = 0.500 in.  Maximum installation torque: 480 in.lb
 Plate thickness (input): 0.118 in.  Hole diameter in the base material: 0.375 in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 2.750 in.
 Drilling method: Hammer drilled  Minimum thickness of the base material: 4.000 in.
 Cleaning: Manual cleaning of the drilled hole according to instructions for use is
 required.

 Hilti Æ 3/8 in KWIK HUS-EZ (KH-EZ) (Carbon Steel) with 2.5 in nominal embedment depth per ICC-ES ESR-3027 , Hammer drill bit installation per
 MPII  

7.1 Recommended accessories

Drilling Cleaning Setting
•  Suitable Rotary Hammer
•  Properly sized drill bit

•  Manual blow-out pump •  Torque controlled cordless impact tool
•  Torque wrench

1
x

y
1.125 1.125

1.502 0.748

1.
87

5
1.

87
5

1.
87

5
1.

87
5

Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 0.377 0.000 - 3.750 - -
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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Assume

MAX. SHEAR MAX. UPLIFT SLAB THK.

(LBS)* (LBS)* (IN)

E 62 407 4

E1 108 303 4

MAX. SHEAR MAX. UPLIFT

(LBS) (LBS)

MAX. LOADS 108 407

LRFD - FACTORED LOADS 216 816

ANCHOR BRAND :

No. OF ANCHORS : 2

DIAMETER OF ANCHOR : 3/8 in

MIN. EMBEDMENT : 2 1/2 in

PRODUCT :

ACCEPTABLE ALTERNATIVES LISTED 

BELOW (3/8" DIAMETER, 2.5" MIN. 

EMBEDMENT)

SIMPSON-TIE CARBON STEEL TITEN HD 

SCREW, INSTALLATION PER ESR-2713.

DEWALT POWER SCREW-BOLT+ 

ANCHOR, INSTALLATION PER ESR-3889.

ANCHOR BOLT DESIGN OF FRAMES (E,E1)

FRAME

EVERY OTHER FRAME

DEWALT POWERS

HILTI KWIK HUS-EZ (KH-EZ) SCREW 

ANCHOR, CARBON STEEL, INSTALLATION 

PER ESR-3027.
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  KWIK HUS-EZ (KH-EZ) (Carbon Steel) 3/8 (2 1/2)

 Item number:  418057 KH-EZ 3/8"x3"

 Specification text:  HILTI Æ 3/8 IN KWIK HUS-EZ (KH-EZ)
 (CARBON STEEL) WITH 2.5 IN NOMINAL
 EMBEDMENT DEPTH PER ICC-ES ESR-3027
 , HAMMER DRILL BIT INSTALLATION PER
 MPII  

 Effective embedment depth:  hef,act = 1.860 in., hnom = 2.500 in.

 Material:  Carbon Steel

 Evaluation Service Report:  ESR-3027

 Issued I Valid:  3/1/2026 | 12/1/2027

 Proof:  Design Method ACI 318-19 / Mech

 Shear edge breakout verification:  Row closest to edge (Case 3 only from ACI 318-19 Fig. R.17.7.2.1b)

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.118 in.

 Anchor plateR :  lx x ly x t = 2.250 in. x 3.750 in. x 0.118 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 2500, fc' = 2,500 psi; h = 4.000 in.

 Installation:  Hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R - The anchor calculation is based on a rigid anchor plate assumption.
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Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 816; Vx = 216; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 88

Tension

Compression

1

2

x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 645 108 108 0
2 645 108 108 0

Max. concrete compressive strain: 0.19 [‰]
Max. concrete compressive stress: 807 [psi]
Resulting tension force in (x/y)=(0.375/0.000): 1,290 [lb]
Resulting compression force in (x/y)=(1.021/0.000): 474 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 645 6,718 10 OK

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 1,290 1,475 88 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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 3.1 Steel Strength

Nsa = ESR value  refer to ICC-ES ESR-3027
f  Nsa ³ Nua  ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.09 120,300

Calculations

Nsa [lb]
10,335

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
10,335 0.650 1.000 6,718 645

 3.2 Concrete Breakout Failure

Ncbg = (ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb  ACI 318-19 Eq. (17.6.2.1b)

f  Ncbg ³ Nua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.3.1)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.] y c,N

1.860 0.000 0.000 3.750 1.000

cac [in.] kc l a f'c [psi]
2.920 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
43.69 31.14 1.000 1.000 1.000 1.000 2,156

Results

Ncbg [lb] f concrete f seismic f nonductile f  Ncbg [lb] Nua [lb]
3,026 0.650 0.750 1.000 1,475 1,290
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 108 1,866 6 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 216 2,118 11 OK

 Concrete edge failure in direction x+** 216 1,519 15 OK

 * highest loaded anchor    **anchor group (relevant anchors)
 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 4.1 Steel Strength

Vsa,eq = ESR value  refer to ICC-ES ESR-3027
f  Vsteel ³ Vua  ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.09 120,300 0.600

Calculations

Vsa,eq [lb]
3,110

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
3,110 0.600 1.000 1,866 108
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 4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]  ACI 318-19 Eq. (17.7.3.1b)

f  Vcpg ³ Vua  ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef  ACI 318-19 Eq. (17.6.2.1.4)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.3.1)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0  ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0  ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef  ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
1 1.860 0.000 0.000 3.750

y c,N cac [in.] kc l a f'c [psi]
1.000 2.920 17 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
43.69 31.14 1.000 1.000 1.000 1.000 2,156

Results

Vcpg [lb] f concrete f seismic f nonductile f  Vcpg [lb] Vua [lb]
3,026 0.700 1.000 1.000 2,118 216
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 4.3 Concrete edge failure in direction x+

Vcbg = (AVc
AVc0

) y ec,V y ed,V y c,V y h,V y parallel,V Vb  ACI 318-19 Eq. (17.7.2.1b)

f  Vcbg ³ Vua  ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)*
AVc0 = 4.5 c2

a1  ACI 318-19 Eq. (17.7.2.1.3)

y ec,V = ( 1

1 + 
e'

v
1.5ca1

) £ 1.0  ACI 318-19 Eq. (17.7.2.3.1)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0  ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0  ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1  ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] ecV [in.] y c,V ha [in.]
3.750 - 0.000 1.000 4.000

le [in.] l a da [in.] f'c [psi] y parallel,V

1.860 1.000 0.375 2,500 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ec,V y ed,V y h,V Vb [lb]
54.00 63.28 1.000 1.000 1.186 2,144

Results

Vcbg [lb] f concrete f seismic f nonductile f  Vcbg [lb] Vua [lb]
2,170 0.700 1.000 1.000 1,519 216

 *Anchor row defined by: Anchor 1, 2; Case 3 controls

 When the input edge distance is set to "infinity", edge breakout verification is not performed in that direction

 5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.875 0.142 5/3 84 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means

 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid anchor plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to
 https://viewer.joomag.com/profis-design-guide-us-en-summer-2021/0841849001625154758?short&/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D, E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!

C52

www.hilti.com


www.hilti.com

Hilti PROFIS Engineering 3.1.34

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2026 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan 

9

Company:
Address:
Phone I Fax:
Design:
Fastening point:

 | 
E, E1 Storage Rack - Anchor Design

Page:
Specifier:
E-Mail:
Date:

9

9/2/2026

7 Installation data
 Anchor type and diameter: KWIK HUS-EZ (KH-EZ)
 (Carbon Steel) 3/8 (2 1/2)

 Profile: no profile  Item number: 418057 KH-EZ 3/8"x3"
 Hole diameter in the fixture: df = 0.500 in.  Maximum installation torque: 480 in.lb
 Plate thickness (input): 0.118 in.  Hole diameter in the base material: 0.375 in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 2.750 in.
 Drilling method: Hammer drilled  Minimum thickness of the base material: 4.000 in.
 Cleaning: Manual cleaning of the drilled hole according to instructions for use is
 required.

 Hilti Æ 3/8 in KWIK HUS-EZ (KH-EZ) (Carbon Steel) with 2.5 in nominal embedment depth per ICC-ES ESR-3027 , Hammer drill bit installation per
 MPII  

7.1 Recommended accessories

Drilling Cleaning Setting
•  Suitable Rotary Hammer
•  Properly sized drill bit

•  Manual blow-out pump •  Torque controlled cordless impact tool
•  Torque wrench
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1

2

x

y
1.125 1.125

1.500 0.750

0.
75

0
2.

25
0

0.
75

0

1.
87

5
1.

87
5

Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 0.375 -1.125 - 3.750 - -
2 0.375 1.125 - 3.750 - -
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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DIVISION: 03 00 00—
CONCRETE 

Section: 03 16 00—
Concrete Anchors 

DIVISION: 05 00 00—
METALS 

Section: 05 05 19—Post-
Installed Concrete 
Anchors 

REPORT HOLDER: 
HILTI, INC. 

EVALUATION SUBJECT: 
HILTI KH-EZ, KH-EZ P, 
KH-EZ PM, KH-EZ PL, 
KH-EZ C, KH-EZ E, 
KH-EZ I, AND 
KH-EZ CRC CARBON 
STEEL SCREW 
ANCHORS AND 
KH-EZ SS316 AND 
KH-EZ C SS316 
STAINLESS STEEL 
SCREW ANCHORS FOR 
USE IN CRACKED AND 
UNCRACKED 
CONCRETE 

1.0 EVALUATION SCOPE 
Compliance with the following codes: 
 2024, 2021, 2018, and 2015 International Building Code® (IBC) 
 2024, 2021, 2018, and 2015 International Residential Code® (IRC) 
Main references of this report are for the 2024 IBC and IRC. See Table 10 and Table 11 for applicable sections of the code for previous IBC and IRC editions. 

Property evaluated: 
Structural 

2.0 USES 
The Hilti KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, 
KH-EZ I and KH-EZ CRC screw anchors are used as anchorage in cracked and uncracked normal-weight and 
lightweight concrete having a specified strength, f′c, of 2,500 psi to 8,500 psi (17.2 MPa to 58.6 MPa); and 
cracked and uncracked normal-weight or sand-lightweight concrete over steel deck having a minimum 
specified compressive strength, f′c, of 3,000 psi (20.7 MPa) to resist static, wind and seismic (Seismic Design 
Categories A through F) tension and shear loads.  

The Hilti KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, 
KH-EZ I and KH-EZ CRC screw anchors are an alternative to anchors described in Section 1901.3 of the 2024 
IBC. The anchors may also be used where an engineered design is submitted in accordance with Section 
R301.1.3 of the IRC. 

3.0 DESCRIPTION 
3.1 KH-EZ: 
The KH-EZ anchors are comprised of a body with hex washer head. The anchor is manufactured from carbon 
steel and is heat-treated. It has a minimum 0.0003-inch-thick (8 μm) zinc coating in accordance with DIN EN 
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ISO 4042. The anchoring system is available in a variety of lengths with nominal diameters of 1/4-inch,  
3/8-inch,1/2-inch, 5/8-inch and 3/4-inch. The KH-EZ is illustrated in Figure 2. 

The hex head is larger than the diameter of the anchor and is formed with serrations on the underside. The 
anchor body is formed with threads running most of the length of the anchor body. The anchor is installed in a 
predrilled hole with a powered impact wrench or torque wrench. The anchor threads cut into the concrete on 
the sides of the hole and interlock with the base material during installation. 

3.2 KH-EZ I: 
The KH-EZ I anchors are comprised of a body with a long internal thread (1/4-inch, 3/8-inch, or 1/2-inch internal 
thread) hex washer head. The anchor is manufactured from carbon steel and is heat-treated. It has a minimum 
0.0003-inch-thick (8 μm) zinc coating in accordance with DIN EN ISO 4042. The KH-EZ I is illustrated in  
Figure 3.  

The over-sized hex head is larger than the diameter of the anchor and is formed with serrations on the 
underside. The anchor body is formed with threads running most of the length of the anchor body. The anchor 
is installed in a predrilled hole with a powered impact wrench or torque wrench directly to the supporting 
member surface. The anchor threads cut into the concrete on the sides of the hole and interlock with the base 
material during installation. 

Shear design values in this report for the KH-EZ I are for threaded inserts with Fu equal to or greater than 
125 ksi. For use with inserts with Fu less than 125 ksi, the shear values are multiplied by the ratio of Fu of insert 
and 125 ksi. 

3.3 KH-EZ P, KH-EZ PM and KH-EZ PL: 
The KH-EZ P, KH-EZ PM and KH-EZ PL anchors are comprised of a body with round pan style head with an 
indented area in the top of the head with a six point star configuration. The KH-EZ P, KH-EZ PM and KH-EZ PL 
have different size pan style heads: small (P), medium (PM) and Large (PL). The anchor is manufactured from 
carbon steel and is heat-treated. It has a minimum 0.0003-inch-thick (8 μm) zinc coating in accordance with 
DIN EN ISO 4042. The KH-EZ P, KH-EZ PM and KH-EZ PL are available in 1/4-inch diameter. The  
KH-EZ P, KH-EZ PM and KH-EZ PL are illustrated in Figure 4.  

3.4 KH-EZ E: 
The KH-EZ E anchors are comprised of a body with a long externally threaded (3/8-inch external thread) head. 
The anchor is manufactured from carbon steel and is heat-treated. It has a minimum 0.0003-inch-thick (8 μm) 
zinc coating in accordance with DIN EN ISO 4042. The KH-EZ E is available in 1/4-inch diameter. The KH-EZ E 
is illustrated in Figure 5.  

3.5 KH-EZ C: 
The KH-EZ C anchors are comprised of the same thread profile as the hex head but with a countersunk head. 
The anchor is manufactured from carbon steel and is heat-treated. It has a minimum 0.0003-inch-thick (8 μm) 
zinc coating in accordance with DIN EN ISO 4042. The KH-EZ C is available in 1/4-inch and 3/8-inch diameter. 
The KH-EZ C is illustrated in Figure 7. 

3.6 KH-EZ CRC: 
The KH-EZ CRC anchors are comprised of a body with hex washer head. The anchor is manufactured from 
carbon steel and is heat-treated. It has a minimum of 0.0021-inch-thick (53 μm) mechanically deposited zinc 
coating in accordance with ASTM B695, Class 55. The anchoring system is available in a variety of lengths 
with nominal diameters of 3/8-inch, 1/2-inch, 5/8-inch and 3/4-inch. The KH-EZ CRC is illustrated in Figure 6. 

3.7 KH-EZ SS316: 
The KH-EZ SS316 anchors are comprised of a body with hex washer head. The anchor is manufactured from 
AISI Type 316 stainless steel material. The anchoring system is available in a variety of lengths with nominal 
diameters of ¼-inch, 3/8-inch and 1/2-inch. The KH-EZ SS316 is illustrated in Figure 8. 

The hex head is larger than the diameter of the anchor and is formed with serrations on the underside. The 
anchor body is formed with threads running most of the length of the anchor body. The anchor is installed in a 
predrilled hole with a powered impact wrench. The anchor threads cut into the concrete on the sides of the 
hole and interlock with the base material during installation. 
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3.8 KH-EZ C SS316: 
The KH-EZ C SS316 anchors are comprised of the same thread profile as the stainless steel hex head but 
with a countersunk head. The anchor is manufactured from AISI Type 316 stainless steel material. The  
KH-EZ C SS316 is available in 1/4-inch and 3/8-inch diameter. The KH-EZ C SS316 is illustrated in Figure 9. 
3.9 Concrete: 
Normal-weight and lightweight concrete must conform to Sections 1903 and 1905 of the 2024 IBC. 
3.10 Steel Deck Panels: 
Steel deck panels must comply with the configurations in Figure 12 and have a minimum base steel thickness 
of 0.035 inch (0.889 mm). Steel must comply with ASTM A653/A653M SS Grade 50 and have a minimum yield 
strength of 50,000 psi (345 MPa). 

4.0 DESIGN AND INSTALLATION 
4.1 Strength Design: 
4.1.1 General: Design strength of anchors complying with the 2024 IBC as well as Section R301.1.3 of the 
2024 IRC must be determined in accordance with ACI 318-19 Chapter 17 and this report.  

Design parameters provided in Table 1 through Table 9 of this report are based on the 2024 IBC (ACI 318-19) 
unless noted otherwise in Sections 4.1.1 through 4.1.12. 

The strength design of anchors must comply with ACI 318-19 Section 17.5.1.2 except as required in  
ACI 318-19 Section 17.10. Strength reduction factors, φ, as given in ACI 318-19 Section 17.5.3, and noted in 
Tables 3, 4 and 7 of this report, must be used for load combinations calculated in accordance with Section 
1605.1 of the 2024 IBC and Section 5.3 of ACI 318-19.  

The value of f′c used in the calculations must be limited to a maximum of 8,000 psi (55.2 MPa), in accordance 
with ACI 318-19 Section 17.3.1 
4.1.2 Requirements for Static Steel Strength in Tension, Nsa: The nominal static steel strength, Nsa, of a 
single anchor in tension calculated in accordance with ACI 318-19 Section 17.6.1.2, is given in Tables 3, 4 and 
7 of this report. Strength reduction factors,φ, corresponding to brittle steel elements must be used. 
4.1.3 Requirements for Static Concrete Breakout Strength in Tension, Ncb or Ncbg: The nominal concrete 
breakout strength of a single anchor or a group of anchors in tension, Ncb and Ncbg, respectively, must be 
calculated in accordance with ACI 318-19 Section 17.6.2 with modifications as described in this section. The 
basic concrete breakout strength of a single anchor in tension, Nb, must be calculated in accordance with ACI 
318-19 Section 17.6.2.2 using the values of hef and kcr as given in Tables 3, 4 and 7 of this report. The nominal 
concrete breakout strength in tension in regions where analysis indicates no cracking in accordance with ACI 
318-19 Section 17.6.2.5 must be calculated with the value of kuncr as given in Tables 3, 4 and 7 with ψc,N = 1.0. 

For anchors installed in the lower or upper flute of the soffit of sand-lightweight or normal-weight concrete-
filled steel deck floor and roof assemblies, as shown in Figure 12, calculation of the concrete breakout strength 
in accordance with ACI 318-19 Section 17.6.2 is not required. 
4.1.4 Requirements for Static Pullout Strength in Tension, Np: The nominal pullout strength of a single 
anchor in accordance with ACI 318-19 Sections 17.6.3.1 and 17.6.3.2.1 in cracked and uncracked concrete, 
Np,cr, and Np,uncr, respectively, is given in Tables 3, 4 and 7. In lieu of ACI 318-19 Section 17.6.3.3, ψc,P = 1.0 
for all design cases. In accordance with ACI 318-19 Section 17.6.3, the nominal pullout strength in cracked 
concrete may be adjusted according to Eq.-1: 

𝑁𝑁𝑝𝑝,𝑓𝑓𝑐𝑐′ = 𝑁𝑁𝑝𝑝,𝑐𝑐𝑐𝑐 �
𝑓𝑓𝑐𝑐′

2,500
�
𝑛𝑛
 (lb, psi) (Eq-1) 

𝑁𝑁𝑝𝑝,𝑓𝑓𝑐𝑐′ = 𝑁𝑁𝑝𝑝,𝑐𝑐𝑐𝑐 �
𝑓𝑓𝑐𝑐′

17.2
�
𝑛𝑛
     (N, MPa) 

where f′c is the specified concrete compressive strength and n is the factor defining the influence of concrete 
compressive strength on the pullout strength. For the 1/4-inch-diameter anchor at 15/8 inches nominal 
embedment in cracked concrete, n is 0.3. For all other cases, n is 0.5. 

In regions where analysis indicates no cracking in accordance with ACI 318-19 Section 17.6.3.3, the nominal 
pullout strength in tension may be adjusted according to Eq-2: 
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𝑁𝑁𝑝𝑝,𝑓𝑓𝑐𝑐′ = 𝑁𝑁𝑝𝑝,𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �
𝑓𝑓𝑐𝑐′

2,500
�
𝑛𝑛
   (lb, psi) (Eq-2) 

𝑁𝑁𝑝𝑝,𝑓𝑓𝑐𝑐′ = 𝑁𝑁𝑝𝑝,𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �
𝑓𝑓𝑐𝑐′

17.2
�
𝑛𝑛
     (N, MPa)

 where f′c is the specified concrete compressive strength and n is the factor defining the influence of concrete 
compressive strength on the pullout strength. For the 1/4-inch-diameter anchor at a nominal embedment of  
15/8 inches in uncracked concrete, n is 0.3. For all other cases, n is 0.5. 

Where values for Np,cr or Np,uncr are not provided in Tables 3, 4 or Table 7 of this report, the pullout strength 
in tension need not be considered. 

The nominal pullout strength in tension of the anchors installed in the soffit of sand-lightweight or normal-
weight concrete filled steel deck floor and roof assemblies, as shown in Figure 12, is provided in Table 5 for 
KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C and KH-EZ CRC and Table 8 for KH-EZ I and KH-EZ E. In 
accordance with ACI 318-19 Section 17.6.3.2.1, the nominal pullout strength in cracked concrete must be 
calculated according to Eq-1, whereby the value of Np,deck,cr must be substituted for Np,cr and the value of 3,000 
psi (20.7 MPa) must be substituted for the value of 2,500 psi (17.2 MPa) in the denominator. In regions where 
analysis indicates no cracking in accordance with ACI 318-19 Section 17.6.3.3, the nominal strength in 
uncracked concrete must be calculated according to Eq-2, whereby the value of Np,deck,uncr must be substituted 
for Np,uncr and the value of 3,000 psi (20.7 MPa) must be substituted for the value of 2,500 psi (17.2 MPa) in 
the denominator. 
4.1.5 Requirements for Static Steel Shear Capacity, Vsa: The nominal steel strength in shear, Vsa, of a 
single anchor in accordance with ACI 318-19 Section 17.7.1.2 is given in Tables 3, 4 and 7 of this report and 
must be used in lieu of the values derived by calculation from ACI 318-19 Eq. 17.7.1.2b. The strength reduction 
factor,φ, corresponding to brittle steel elements must be used. The nominal shear strength Vsa,deck, of anchors 
installed in the soffit of sand-lightweight or normal-weight concrete filled steel deck floor and roof assemblies, 
as shown in Figure 12, is given in Table 5 for KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C and KH-EZ 
CRC and Table 8 for KH-EZ I and KH-EZ E. Shear values for KH-EZ I are for threaded inserts with Fu ≥ 125 
ksi. For use with inserts with Fu less than 125 ksi, the shear values are multiplied by the ratio of Fu of insert 
and 125 ksi. 
4.1.6 Requirements for Static Concrete Breakout Strength in Shear, Vcb or Vcbg: The nominal concrete 
breakout strength of a single anchor or group of anchors in shear, Vcb or Vcbg, respectively, must be calculated 
in accordance with ACI 318-19 Section 17.7.2 with modifications as described in this section. The basic 
concrete breakout strength in shear, Vb, must be calculated in accordance with ACI 318-19 Section 17.7.2.2.1 
using the values of ℓe and da given in Tables 3, 4 and 7. 

For anchors installed in the lower or upper flute of the soffit of sand-lightweight or normal-weight concrete-
filled steel deck floor and roof assemblies, as shown in Figure 12, calculation of the concrete breakout strength 
in accordance with ACI 318-19 Section 17.7.2 is not required. 
4.1.7 Requirements for Static Concrete Pryout Strength in Shear, Vcp or Vcpg: The nominal concrete 
pryout strength of a single anchor or group of anchors, Vcp or Vcpg, respectively, must be calculated in 
accordance with ACI 318-19 Section 17.7.3 using the coefficient for pryout strength, kcp provided in Tables 3, 
4 and 7 and the value of Ncb or Ncbg as calculated in Section 4.1.3 of this report. 

For anchors installed in the lower or upper flute of the soffit of sand-lightweight or normal-weight concrete-
filled steel deck floor and roof assemblies, as shown in Figure 12, calculation of the concrete pryout strength 
in accordance with ACI 318-19 Section 17.7.3 is not required. 
4.1.8 Requirements for Seismic Design: 
4.1.8.1 General: For load combinations including seismic, the design must be in accordance with  
ACI 318-19 Section 17.10. Modifications to ACI 318-19 Section 17.10 shall be applied under Section 1905.7 
of the 2024 IBC, as applicable. 

The anchors comply with ACI 318-19 Section 2.3 as brittle steel elements and must be designed in 
accordance with ACI 318-19 Sections 17.10.5 or 17.10.6. 
4.1.8.2 Seismic Tension: The nominal steel strength and nominal concrete breakout strength for anchors 
in tension must be calculated in accordance with ACI 318-19 Sections 17.6.1 and 17.6.2, as described in 
Sections 4.1.2 and 4.1.3 of this report. In accordance with ACI 318-19 Section17.6.3.2.1, the appropriate value 
for pullout strength in tension for seismic loads, Np,eq or Np,deck,cr described in Tables 3, 4 and 5 for KH-EZ, 
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KH-EZ SS316, KH-EZ C, KH-EZ C SS316, KH-EZ P, KH-EZ PM, KH-EZ PL and KH-EZ CRC; and in Tables 
7 and 8 for KH-EZ I and KH-EZ E, must be used in lieu of Np. Np,eq or Np,deck,cr may be adjusted by calculations 
for concrete compressive strength in accordance with Eq-1 of this report in addition for concrete-filled steel 
deck floor and roof assemblies the value of 3,000 psi (20.7 MPa) must be substituted for the value of 2,500 psi  
(17.2 MPa) in the denominator. Where values for Np,eq are not provided in Tables 3, 4 or 7 of this report, the 
pullout strength in tension for seismic loads need not be evaluated. 
4.1.8.3 Seismic Shear: The nominal concrete breakout strength and pryout strength in shear must be 
calculated in accordance with ACI 318-19 Sections 17.7.2 and 17.7.3, as described in Sections 4.1.6 and 4.1.7 
of this report. In accordance with ACI 318-19 Section 17.7.1.2, the appropriate value for nominal steel strength 
for seismic loads, Vsa,eq or Vsa,deck,eq described in Tables 3, 4 and 5 for KH-EZ, KH-EZ SS316, KH-EZ C, 
KH-EZ C SS316, KH-EZ P, KH-EZ PM, KH-EZ PL and KH-EZ CRC, and in Tables 7 and 8 for KH-EZ I and 
KH-EZ E, must be used in lieu of Vsa. 
4.1.9 Requirements for Interaction of Tensile and Shear Forces: For anchors or groups of anchors that 
are subject to the effects of combined tensile and shear forces, the design must be determined in accordance 
with ACI 318-19 Section 17.8. 
4.1.10 Requirements for Minimum Member Thickness, Minimum Anchor Spacing and Minimum Edge 
Distance: In lieu of ACI 318-19 Section 17.9.2, values of smin and cmin, respectively, as given in Tables 1, 2 
and 6 of this report must be used. In lieu of ACI 318-19 Section 17.9.4, minimum member thicknesses, hmin as 
given in Tables 1, 2 and 6 must be used. Additional combinations for minimum edge distance, cmin, and 
minimum spacing distance, smin, may be derived by linear interpolation between the given boundary values as 
defined in Tables 1, 2 and 6 of this report. 

For anchors installed through the lower flute of the soffit of steel deck assemblies, the anchors must be 
installed in accordance with Figure 12 and shall have an axial spacing along the flute equal to the greater of 
3hef or 1.5 times the flute width. For installations in the upper flute of the soffit of steel deck assemblies the 
anchors shall have an axial spacing along the flute equal to or greater than 3hef. 

For ¼-inch, 3/8-inch and 1/2-inch KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL and KH-EZ C anchors installed on 
the top of steel deck assemblies, values of cac,deck,top, smin,deck,top, and cmin,deck,top, as given in Table 9 of this report 
must be used. 
4.1.11 Requirements for Critical Edge Distance, cac: In applications where c < cac and supplemental 
reinforcement to control splitting of the concrete is not present, the concrete breakout strength in tension for 
uncracked concrete, calculated in accordance with ACI 318-19 Section 17.6.2, must be further multiplied by 
the factor Ψcp,N as given by Eq-3: 

Ψcp,N= c
cac

   (Eq-3) 

where the factor Ψcp,N need not be taken as less than1.5hef
cac

. For all other cases, Ψcp,N = 1.0. In lieu of using 
ACI 318-19 Section 17.9.5, values of cac must comply with Tables 3, 4 and 7. 
4.1.12 Lightweight Concrete: For the use of anchors in lightweight concrete, the modification factor λa equal 
to 0.8λ is applied to all values of cf ′  affecting Nn and Vn. 

The value of λ must be determined in accordance with the corresponding version of ACI 318. 
For anchors installed in the soffit of sand-lightweight concrete-filled steel deck and floor and roof assemblies, 

further reduction of the pullout values provided in this report is not required. 
4.2 Allowable Stress Design (ASD): 
4.2.1 General: Design values for use with allowable stress design load combinations calculated in 
accordance with Section 1605.1 of the 2024 IBC must be established using the following equations: 

Tallowable,ASD     =      ϕNn
α

  (Eq-4) 

Vallowable,ASD    =      ϕVn
α

  (Eq-5) 

where: 
Tallowable,ASD  =  Allowable tension load (lb, N) 
Vallowable ASD =  Allowable shear load (lb, N) 
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φNn  = Lowest design strength of an anchor or anchor group in tension as determined in 
accordance with ACI 318-19 Chapter 17 and 2024 IBC Section 1905.7, and Section 4.1 of 
this report, as applicable.  

φVn = Lowest design strength of an anchor or anchor group in shear as determined in accordance 
with ACI 318-19 Chapter 17 and 2024 IBC Section 1905.7, and Section 4.1 of this report, 
as applicable.  

α = Conversion factor calculated as a weighted average of the load factors for the controlling 
load combination. In addition, α must include all applicable factors to account for nonductile 
failure modes and required over-strength. 

Limits on edge distance, anchor spacing and member thickness as given in Tables 1, 2 and 6 of this report 
must apply. 
4.2.2 Interaction of Tensile and Shear Forces: The interaction must be calculated and consistent with 
ACI 318-19 Section 17.8 as follows: 
For shear loads Vapplied ≤ 0.2Vallowable,ASD, the full allowable load in tension Tallowable,ASD shall be permitted. 
For tension loads Tapplied ≤ 0.2Tallowable,ASD, the full allowable load in shear Vallowable,ASD shall be permitted. 
For all other cases: 

Tapplied

Tallowable,ASD
+

Vapplied

Vallowable,ASD
  ≤  1.2  (Eq-6) 

4.3 Installation: 
Installation parameters are provided in Tables 1, 2, 6 and 9 and Figures 1, 11A, 11B, 11C, 11D, 11E and 12. 
Anchor locations must comply with this report and plans and specifications approved by the code official. The 
Hilti KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, KH-EZ I 
and KH-EZ CRC must be installed in accordance with the manufacturer’s published instructions and this report. 
In case of conflict, this report governs. Anchors must be installed in holes drilled into concrete perpendicular 
to the surface using carbide-tipped masonry drill bits complying with ANSI B212.15-1994 or using the Hilti 
SafeSet SystemTM. The Hilti SafeSet SystemTM is comprised of Hilti TE-YD or TE-CD Hollow Drill Bits with a 
Hilti vacuum with a minimum value for the maximum volumetric flow rate of 129 CFM (61 l/s). The Hollow Drill 
Bits are not permitted for use with the 1/4-inch- and 3/8-inch-diameter anchors. The nominal drill bit diameter 
must be equal to that of the anchor. The minimum drilled hole depth, h0, is given in Tables 1, 2, 6 and 8. When 
drilling dust is not removed after hole drilling, make sure to drill deep enough to achieve hnom, taking into 
account the depth of debris remaining in the hole. If dust and debris is removed from the drilled hole with the 
Hilti TE-YD or TE-CD Hollow Drill Bits or compressed air, vacuum, or a manual pump, hnom is achieved at the 
specified value of h0. The anchor must be installed into the predrilled hole using a powered impact wrench or 
installed with a torque wrench until the proper nominal embedment depth is obtained. The maximum impact 
wrench torque, Timpact,max and maximum installation torque, Tinst,max for the manual torque wrench must be in 
accordance with Tables 1, 2 and 6. The KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, 
KH-EZ C SS316, KH-EZ E, KH-EZ I and KH-EZ CRC may be loosened by a maximum of one turn and 
retightened with a torque wrench or powered impact wrench to facilitate fixture attachment or realignment. 
Complete removal and reinstallation of the anchor is not allowed. 

For installation in the soffit of concrete on steel deck assemblies, the hole diameter in the steel deck must 
not exceed the diameter of the hole in the concrete by more the 1/8 inch (3.2 mm). For member thickness and 
edge distance restrictions for installations into the soffit of concrete on steel deck assemblies, see Figure 12. 

For installation of 1/4-inch, 3/8-inch and 1/2-inch KH-EZ KH-EZ P, KH-EZ PM, KH-EZ PL and KH-EZ C, anchors 
on the top of steel deck assemblies, see Table 9 for installation setting information. 
4.4 Special Inspection: 
Periodic special inspection is required, in accordance with Section 1705.1.1 and Table 1705.3 of the 2024 IBC. 
The special inspector must be on the site periodically during anchor installation to verify anchor type, anchor 
dimensions, hole dimensions, concrete type, concrete compressive strength, drill bit type and size, hole 
dimensions, hole cleaning procedures, anchor spacing(s), edge distance(s), concrete member thickness, 
anchor embedment, installation torque, impact wrench power and adherence to the manufacturer’s printed 
installation instructions and the conditions of this report (in case of conflict, this report governs). The special 
inspector must be present as often as required in accordance with the “statement of special inspection.” Under 
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the IBC, additional requirements as set forth in Sections 1705, 1706 and 1707 must be observed, where 
applicable. 

5.0 CONDITIONS OF USE: 
Hilti KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, KH-EZ I and 
KH-EZ CRC concrete anchors described in this report are suitable alternatives to what is specified in, those codes 
listed in Section 1.0 of this report, subject to the following conditions: 

5.1 The anchors must be installed in accordance with the manufacturer’s published installation instructions and 
this report. In case of conflict, this report governs. 

5.2 Anchor sizes, dimensions, and minimum embedment depths are as set forth in this report. 
5.3 Anchors must be installed in accordance with Section 4.3 of this report in uncracked or cracked normal-

weight concrete and lightweight concrete having a specified compressive strength, f′c, of 2,500 psi to 8,500 
psi (17.2 MPa to 58.6 MPa), and cracked and uncracked normal-weight or sand-lightweight concrete over 
metal deck having a minimum specified compressive strength, f′c, of 3,000 psi (20.7 MPa). 

5.4 The value of f′c used for calculation purposes must not exceed 8,000 psi (55.2 MPa). 
5.5 The concrete must have attained its minimum design strength prior to installation of the anchors. 
5.6 Strength design values must be established in accordance with Section 4.1 of this report. 
5.7 Allowable stress design values must be established in accordance with Section 4.2 of this report. 
5.8 Anchor spacing(s) and edge distance(s), and minimum member thickness, must comply with  

Tables 1, 2 and 6 and Figure 12 of this report. 
5.9 Reported values for the KH-EZ I with an internally threaded hex washer head do not consider the steel 

insert element which must be verified by the design professional. Shear design values in this report for the 
KH-EZ I are for threaded inserts with Fu equal to or greater than 125 ksi. For use with inserts with Fu less 
than 125 ksi, the shear values are multiplied by the ratio of Fu of insert and 125 ksi. 

5.10 Prior to installation, calculations and details demonstrating compliance with this report must be submitted 
to the code official. The calculations and details must be prepared by a registered design professional where 
required by the statutes of the jurisdiction in which the project is to be constructed. 

5.11 Since an ICC-ES acceptance criteria for evaluating data to determine the performance of anchors subjected 
to fatigue or shock loading is unavailable at this time, the use of these anchors under such conditions is 
beyond the scope of this report. 

5.12 Anchors may be installed in regions of concrete where cracking has occurred or where analysis indicates 
cracking may occur (ft>fr), subject to the conditions of this report. 

5.13 Anchors may be used to resist short-term loading due to wind or seismic forces, subject to the conditions 
of this report. 

5.14 Anchors are not permitted to support fire-resistance-rated construction. Where not otherwise prohibited in 
the code, anchors are permitted for use with fire-resistance-rated construction provided that at least one of 
the following conditions is fulfilled: 
• Anchors are used to resist wind or seismic forces only. 
• Anchors that support gravity load–bearing structural elements are within a fire-resistance-rated envelope 

or a fire-resistance-rated membrane, are protected by approved fire-resistance-rated materials, or have 
been evaluated for resistance to fire exposure in accordance with recognized standards. 

• Anchors are used to support nonstructural elements. 
5.15 Anchors have been evaluated for reliability against brittle failure and found to be not significantly sensitive 

to stress-induced hydrogen embrittlement. 
5.16 Use of KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, and KH-EZ I carbon steel anchors are 

limited to dry, interior locations. 
5.17 Use of KH-EZ SS316, KH-EZ C SS316 and KH-EZ CRC are permitted for exterior exposure or damp 

environments. 
5.18 Special inspection must be provided in accordance with Sections 4.4. 
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5.19 KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, KH-EZ I and 
KH-EZ CRC anchors are manufactured, under a quality control program with inspections by ICC-ES. 

6.0 EVIDENCE SUBMITTED 
Data in accordance with the ICC-ES Acceptance Criteria for Mechanical Anchors in Concrete Elements 
(AC193(24)), dated April 2025. 

7.0 IDENTIFICATION 
7.1 HILTI KH-EZ, KH-EZ SS316, KH-EZ P, KH-EZ PL, KH-EZ C, KH-EZ C SS316, KH-EZ E, KH-EZ I and  

KH-EZ CRC anchors are identified by packaging with the company name (Hilti, Inc.), anchor name, anchor 
size, and evaluation report number (ESR-3027). The anchors with hex washer head, pan head and 
countersunk head, have KH-EZ, HILTI, and anchor size and anchor length embossed on the anchor head. 
Identifications are visible after installation, for verification. 

7.2 The report holder’s contact information is the following: 
HILTI INC. 
7250 DALLAS PARKWAY, SUITE 1000 
PLANO, TEXAS 75024 
(800) 879-8000 
www.hilti.com 

 
 

FIGURE 1—KWIK HUS EZ ANCHOR 
 
 
 
 

 
 

 

  

 
  

FIGURE 3—HILTI KH-EZ I SCREW ANCHOR 

 
FIGURE 2—HILTI KH-EZ CONCRETE SCREW ANCHOR 

 

FIGURE 4—HILTI KH-EZ P, PM, PL SCREW ANCHORS 
 

FIGURE 5—HILTI KH-EZ E SCREW ANCHOR 
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FIGURE 10—HILTI SAFESETTM AND DUST REMOVAL SYSTEMS 

  

Hilti SafeSet™ 
System with Hollow 

Drill Bit 

 
 
 

 
 
 
 
 

 
Hilti TE-CD or TE-YD Hollow Carbide Drill Bit with a 

Hilti Vacuum (per section 4.3) 

Hilti Dust Removal 
Systems 

 
 
 

Hilti Rotary Hammer Drill with DRS (Dust Removal 
System) Module 

 
Hilti TE DRS-D Dust Removal  

System with Hilti Vacuum 

FIGURE 6—HILTI KH-EZ CRC SCREW ANCHOR 
 

FIGURE 7—HILTI KH-EZ C SCREW ANCHOR 

FIGURE 9—HILTI KH-EZ C SS316 SCREW ANCHOR FIGURE 8—HILTI KH-EZ SS316 SCREW ANCHOR 
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FIGURE 11A—INSTALLATION INSTRUCTIONS – HILTI KH-EZ, KH-EZ SS316 AND KH-EZ CRC SCREW ANCHORS 

 

 

  

FIGURE 11B—INSTALLATION INSTRUCTIONS – HILTI KH-EZ I SCREW ANCHORS 

  

 
FIGURE 11C—INSTALLATION INSTRUCTIONS – HILTI KH-EZ P, PM, PL SCREW ANCHORS 
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FIGURE 11D—INSTALLATION INSTRUCTIONS – HILTI KH-EZ E SCREW ANCHORS 

 

 

 
FIGURE 11E—INSTALLATION INSTRUCTIONS – HILTI KH-EZ C AND KH-EZ C SS316 SCREW ANCHORS 
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TABLE 1—HILTI KH-EZ, KH-EZ P, KH-EZ PL, KH-EZ C AND KH-EZ CRC INSTALLATION INFORMATION AND ANCHOR SPECIFICATION1 

Characteristic Symbol Units 
Nominal Anchor Diameter (inches) 

1/4 3/8 1/2 5/8 3/4 

Nominal drill bit 
diameter dbit 

in. 1/4 
(6.4) 

3/8 
(9.5) 

1/2 
(12.7) 

5/8 
(15.9) 

3/4 
(19.1) (mm) 

Head Style and 
Coating - - Hex, P, PM, 

PL, C Head 
Hex, C 
Head 

Hex, C Head 
(including 

CRC) 

Hex Head 
(including 

CRC) 
Hex Head (including CRC) Hex Head (including CRC)  Hex Head (including CRC) 

Minimum Nominal 
Embedment depth hnom 

in. 15/8 21/2 15/8 21/8 21/2 31/4 41/2 21/4 3 41/4 51/2 31/4 4 5 6 4 5 61/4 71/4 

(mm) (41) (64) (41) (54) (64) (83) (114) (57) (76) (108) (140) (83) (102) (127) (152) (102) (127) (159) (184) 

Effective 
Embedment (min.) hef 

in. 1.18 1.92 1.11 1.54 1.86 2.50 3.55 1.52 2.16 3.22 4.28 2.39 3.03 3.88 4.73 2.92 3.77 4.84 5.69 

(mm) (30) (49) (28) (39) (47) (64) (90) (39) (55) (82) (109) (61) (77) (99) (120) (74) (96) (123) (145) 

Minimum Hole 
Depth (min.) ho 

in. 2 27/8 17/8 23/8 23/4 31/2 43/4 25/8 33/8 45/8 57/8 35/8 43/8 53/8 63/8 43/8 53/8 65/8 75/8 

(mm) (51) (73) (48) (60) (70) (89) (121) (67) (86) (117) (149) (92) (111) (137) (162) (111) (137) (168) (194) 

Minimum Baseplate 
Clearance Hole 
Diameter 

dh 
in. 3/8 1/2 

 
(12.7) 

5/8 

 
(15.9) 

3/4 

 
(19.1) 

7/8 

 
(22.2) (mm) (9.5) 

Maximum 
Installation Torque Tinst,max

4 

ft-lbf 18 19 40 
 

(54) 

45 50 85 
 

(115) 

956 

 

(129) (Nm) (24) (26) (61) (68) 

Maximum Impact 
Wrench Torque 
Rating3 

Timpact,max 
ft-lbf 157 157 450 

 
(610) 

137 450 
 

(610) 

590 
 

(800) 

590 
 

(800) (Nm) (213) (213) (186) 

Wrench socket size  WS 
in. 7/16 9/16 

(14.3) 

3/4 
(19.1) 

15/16 
(23.8) 

11/8 
(28.6) (mm) (11.1) 

Minimum Concrete 
Thickness hmin 

in. 3.25 4.125 3.25 3.67 4 4.75 7.75 4.5 4.75 6.75 8.75 5 6 7 9.5 6 7 8.125 11.5 

(mm) (83) (105) (83) (93) (102) (121) (197) (114) (121) (171) (222) (127) (152) (178) (241) (152) (178) (206) (292) 

Minimum edge 
distance2 

cmin 
in. 11/2 11/2 

(38) 
13/4 
(44) 

13/4 
(44) 

13/4 
(44) (mm) (38) 

for s ≥ 
in. 3 3 

(76) 
3 

(76) 
4 

(102) 
4 

(102) (mm) (76) 

Minimum spacing2 

smin 
in. 11/2 21/4 

(57) 
3 

(76) 
3 

(76) 
3 

(76) (mm) (38) 

for c ≥ 
in. 2.00 2.78 2.63 2.75 2.92 3.75 14.2 2.75 3.75 5.25 17.1 3.63 4.57 5.82 18.9 4.41 5.69 7.28 22.8 

(mm) (51) (71) (67) (70) (74) (95) (361) (70) (95) (133) (434) (92) (116) (148) (480) (112) (145) (185) (579) 

Max. Head height - 
in. 0.17 (P Head) 

0.24 (Hex Head) 
0.35 

 
(8.9) 

0.49 
 

(12.4) 

0.57 
 

(14.5) 

0.70 
 

(17.8) (mm) (4.3) P Head 
(6.1) Hex Head 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1The data presented in this table is to be used in conjunction with the design criteria of ACI 318-19 Chapter 17. 
2Linear interpolation permitted for minimum spacing and edge distance. 
3 Because of variability in measurement procedures, the published torque of an impact tool may not correlate properly with the above setting torques. Over-
torqueing can damage the anchor and/or reduce its holding capacity. 
4Tinst,max applies to installations using a calibrated torque wrench. 
5Additional combinations for minimum edge distance, cmin, and minimum spacing distance, smin or smin,cac, may be derived by linear interpolation between the given 
boundary values.  
6 Maximum installation torque for 3/4-in diameter KH-EZ CRC is 85 ft-lbs (115 Nm). 
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TABLE 2—HILTI KH-EZ SS316 AND KH-EZ C SS316 INSTALLATION INFORMATION AND ANCHOR SPECIFICATION1 

Characteristic Symbol Units 
Nominal anchor diameter (in) 

 1/4   3/8  1/2 
Nominal drill bit diameter dbit in. 1/4  3/8  1/2  

Head style - - Hex and C Hex and C Hex 

Effective embedment (min.) hef 
in. 1.19 1.93 1.49 1.92 2.55 1.56 2.20 3.26 

(mm) (30) (49) (38) (49) (65) (40) (56) (83) 

Nominal embedment hnom 
in. 15/8 21/2 2     21/2 31/4 21/4 3     41/4 

(mm) (41) (64) (51) (64) (83) (57) (76) (108) 

Hole depth in concrete (min.) h0 
in. 2     27/8 21/4 23/4 31/2 25/8 33/8 45/8 

(mm) (51) (73) (57) (70) (89) (67) (86) (117) 

Fixture hole diameter dh 
in. 3/8 1/2 5/8 

(mm) (9.5) (12.7) (15.9) 

Maximum impact wrench2 
Timpact,max 

ft-lb 100 157 332 
torque rating (Nm) (136)  (213) (450) 

Wrench socket size WS in. 7/16 9/16 3/4 

Minimum concrete thickness hmin 
in. 31/4 41/8 31/2 4     43/4 41/2 43/4 63/4 

(mm) (83) (105) (89) (102) (121) (114) (121) (171) 

Minimum edge distance3 
cmin 

in. 11/2 11/2 11/2 11/2 11/2 13/4 13/4 13/4 
(mm) (38) (38) (38) (38) (38) (44) (44) (44) 

for s ≥ 
in. 3     3     3     3     3     3     3     3     

(mm) (76) (76) (76) (76) (76) (76) (76) (76) 

Minimum anchor spacing3 
smin 

in. 11/2 11/2 21/4 21/4 21/4 3     3     3     
(mm) (38) (38) (57) (57) (57) (76) (76) (76) 

for c ≥ 
in. 2     2     3     3     3     13/4 13/4 13/4 

(mm) (51) (51) (76) (76) (76) (44) (44) (44) 

or SI: 1 inch = 25.4mm, 1 ft-lb = 1.3558 Nm 
1The data presented in this table is to be used in conjunction with the design criteria of ACI 318-19 Chapter 17. 
2Because of variability in measurement procedures, the published torque of an impact tool may not correlate properly with the above setting torques. 
  Over-torquing can damage the anchor and/or reduce its holding capacity. 
3Linear interpolation permitted for minimum spacing and edge distance. 
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TABLE 3—HILTI KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C AND KH-EZ CRC TENSION AND SHEAR STRENGTH DESIGN DATA1,2,3,6 

Characteristic Symbol Units Nominal Anchor Diameter (inches) 
1/4 3/8 1/2 5/8 3/4 

Head style and coating - - Hex, P, PM, 
PL, C Head 

Hex, C 
Head 

Hex, C Head 
(including 

CRC) 

Hex 
Head 

(including 
CRC) 

Hex  
Head (including CRC) 

Hex  
Head (including CRC) 

Hex  
Head (including CRC) 

Nominal diameter da 
in. 0.250 0.375 

(9.5) 
0.500 
(12.7) 

0.625 
(15.9) 

0.750 
(19.1) (mm) (6.4) 

Effective embedment hef 
in. 1.18 1.92 1.11 1.54 1.86 2.50 3.55 1.52 2.16 3.22 4.28 2.39 3.03 3.88 4.73 2.92 3.77 4.84 5.69 

(mm) (30) (49) (28) (39) (47) (64) (90) (39) (55) (82) (109) (61) (77) (99) (120) (74) (96) (123) (145) 

Nominal embedment hnom 
in. 15/8 21/2 15/8 21/8 21/2 31/4 41/2 21/4 3 41/4 51/2 31/4 4 5 6 4 5 61/4 71/4 

(mm) (41) (64) (41) (54) (64) (83) (114) (57) (76) (108) (140) (83) (102) (127) (127) (102) (127) (159) (184) 
Strength reduction factor 
for steel in tension 2,7 φsa - 0.65 0.65 0.65 0.65 0.65 

Effective tensile stress 
area Ase 

in.2 0.045 0.086 
(55.5) 

0.161 
(103.9) 

0.268 
(172.9) 

0.392 
(252.9) (mm2) (29.0) 

Minimum specified 
ultimate strength futa 

psi 125,000 106,975 120,300 
(829) 

112,540 
(776) 

90,180 
(622) 

81,600 
(563) (MPa) (862) (738) 

Tension resistance of 
steel Nsa 

lbf. 5,660 9,200 10,335 
(46) 

18,120 
(81) 

24,210 
(108) 

32,015 
(142) (kN) (25) (41) 

Anchor category - - 3 1 1 1 1 2 1 
Strength reduction factor 
for concrete failure 
modes in tension2 

φc,N - 0.45 0.65 0.65 0.65 0.65 0.55 0.65 

Effectiveness factor – 
uncracked concrete kuncr - 24 24 27 24 27 24 27 24 

Effectiveness factor – 
cracked concrete kcr - 17 17 17 17 17 

Modification factor for 
cracked and uncracked 
concrete6 

Ψc,N - 1.0 1.0 1.0 1.0 1.0 

Critical edge distance cac 
in. 2.00 2.78 2.63 2.75 2.92 3.75 14.2 2.75 3.75 5.25 17.1 3.63 4.57 5.82 18.9 4.41 5.69 7.28 22.8 

(mm) (51) (71) (67) (70) (74) (95) (361) (70) (95) (133) (434) (92) (116) (148) (480) (112) (145) (185) (578) 

Pullout strength in 
uncracked concrete Np,uncr

6 
lbf. 1,3055 2,3504 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(kN) (5.8) (10.5) 

Pullout strength in 
cracked concrete Np,cr

6 
lbf. 6655 1,1654 7254 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(kN) (3.0) (5.2) (3.2) 

Pullout strength in 
cracked concrete, 
seismic 

Np,eq
6 

lbf. 5355 1,1654 7254 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(kN) (2.4) (5.2) (3.2) 

Strength reduction factor 
for steel in shear 2,7 φsa - 0.60 0.60 0.60 0.60 0.60 

Nominal steel strength in 
shear 8 Vsa

 
lbf. 1,550 3,670 5,185 9,245 11,220 16,660 
(kN) (6.9) (16.3) (23.1) (41.1) (49.9) (74.1) 

Nominal steel strength in 
shear, seismic 8 Vsa,eq 

lbf. 1,395 3,670 3,110 5,545 6,735 11,555 
(kN) (6.2) (16.3) (13.8) (24.7) (30.0) (51.4) 

Load bearing length of 
anchor ℓe

 
in. 1.18 1.92 1.11 1.54 1.86 2.50 3 1.52 2.16 3.22 4 2.39 3.03 3.88 4.73 2.92 3.77 4.84 5.69 

(mm) (30) (49) (28) (39) (47) (64) (76) (39) (55) (82) (102) (61) (77) (99) (120) (74) (96) (123) (145) 
Strength reduction factor 
for concrete failure 
modes in shear 2 

φc,V - 0.70 0.70 0.70 0.70 0.70 

Effectiveness factor for 
pryout kcp - 1.0 1.0 1.0 1.0 1.0 2.0 2.0 1.0 1.0 2.0 2.0 1.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Mean axial stiffness, 
uncracked concrete βuncr 

lb/in. 
437,000 540,000 835,000 819,000 261,000 

Mean axial stiffness, 
cracked concrete βcr 284,000 239,000 272,000 332,000 252,000 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1The data in this table is intended for use with the design provisions of ACI 318-19 Chapter 17 for anchors resisting seismic load combinations the additional requirements of ACI 

318-19 Section 17.10 shall apply. 
2The strength reduction factor applies when the load combinations from the IBC or ACI 318 are used and the requirements of ACI 318-19 Section 17.5.3 
3In this report, N/A denotes that pullout resistance does not govern and does not need to be considered. 
4The characteristic pullout resistance for concrete compressive strengths greater than 2,500 psi may be increased by multiplying the value in the table by (f'c/2,500)0.5 for psi or 

(f'c/17.2)0.5 for MPa. 
5The characteristic pullout resistance for concrete compressive strengths greater than 2,500 psi may be increased by multiplying the value in the table by (f'c/2,500)0.3 for psi or 

(f'c/17.2)0.3 for MPa. 
6For lightweight concrete, calculate values according to Section 4.1.12 of this report. 
7The KH-EZ, KH-EZ P, PM, PL and KH-EZ CRC are considered brittle steel elements as defined by ACI 318-19 Section 2.3. 
8Reported values for steel strength in shear are based on test results per ACI 355.2, Section 9.4 and must be used for design in lieu of calculated results using equation 17.7.1.2b of 

ACI 318-19.  
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TABLE 4—HILTI KH-EZ SS316 AND KH-EZ C SS316 TENSION AND SHEAR STRENGTH DESIGN DATA1 

Characteristic Symbol Units 
Nominal anchor diameter (in) 

 1/41   3/8  1/2 
Head style - - Hex and C Hex and C Hex 

Anchor O.D. da  
in. 0.250    0.375   0.5  

(mm) (6.4)    (9.5)   (12.7)  

Effective embedment hef 
in. 1.19 1.93 1.49 1.92 2.55 1.56 2.20 3.26 

(mm) (30) (49) (38) (49) (65) (40) (56) (83) 

Nominal embedment hnom 
in. 15/8 21/2 2     21/2 31/4 21/4 3     41/4 

(mm) (41) (64) (51) (64) (83) (57) (76) (108) 
Strength reduction factor for steel 
in tension1,2 φsa,N - 0.75    0.75     0.75   

Min. specified yield strength fya 
psi 135,600    125,000     101,400   

(N/mm2) (935)   (862)     (699)   

Min. specified ult. strength futa 
psi 153,000    139,300     120,100   

(N/mm2) (1055)   (961)     (828)   
Effective-cross sectional steel 
area in tension Ase,N  

in2 0.040    0.094     0.172   
(mm2) (25.5)   (60.8)     (111.2)   

Nominal steel strength in tension4 Nsa 
lb 6,120   13,095     20,655   

(kN) (27.2)    (58.2)     (91.9)   
Anchor category - - 2 3 1   2   
Strength reduction factor for 
concrete failure modes in tension2 φc,N - 0.55 0.45 0.65   0.55   

Effectiveness factor for uncracked 
concrete kuncr 

in-lb 24   27     27   
(SI) (10.0)   (11.3)     (11.3)   

Effectiveness factor for cracked 
concrete kcr 

in-lb 17   17     21   
(SI) (7.1)   (7.1)     (8.8)   

Modification factor for anchor 
resistance, tension, uncracked 
conc.3 

ψc,N - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Critical edge distance cac 
in. 4.76 7.72 5.96 7.68 10.20 6.24 8.80 7.50 

(mm) (121) (196) (151) (195) (259) (158) (224) (191) 
Pullout strength in uncracked 

Np,uncr 
lb 

N/A N/A N/A N/A N/A  N/A N/A N/A  
concrete (kN) 
Pullout strength in cracked 

Np,cr 
lb 570 1,100 1,510 2,215 

N/A N/A N/A  N/A 
concrete4 (kN) (2.5) (4.9) (6.7) (9.9) 
Pullout strength in cracked 

Np,eq 
lb 390 1,100 1,510 2,215 

N/A N/A N/A N/A 
concrete, seismic4 (kN) (1.7) (4.9) (6.7) (9.9) 
Strength reduction factor for steel 
in shear1,2 φsa,V - 0.65  0.65   0.65   

Nominal steel strength in shear Vsa 
lb 1,830 1,830 4,355 4,355 4,355 4,790 4,790 4,790 

(kN) (8.1) (8.1) (19.4) (19.4) (19.4) (21.3) (21.3) (21.3) 
Nominal steel strength in shear, 
seismic Vsa,eq 

lb 1,200 1,200 4,355 4,355 4,355 4,790 4,790 4,790 
(kN) (5.3) (5.3) (19.4) (19.4) (19.4) (21.3) (21.3) (21.3) 

Strength reduction factor for 
concrete failure modes in shear2 φc,V - 0.70    0.70     0.70   

Effectiveness factor for pryout kcp - 1.0 1.0 1.0 1.0 2.0 1.0 1.0 2.0 
Mean axial stiffness, uncracked 
concrete5 βuncr lbf/in 519,400 770,900 1,244,000 

Mean axial stiffness, cracked 
concrete5 βcr lbf/in 341,600 452,600 757,000 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1 The KH-EZ SS is considered a ductile steel element as defined by ICC-ES AC193 Section 6.3.6. 
2 The strength reduction factor applies when the load combinations from the IBC or ACI 318 are used and the requirements of ACI 318-19 Section 17.5.3 are met. 
3 For all design cases, ψc,N = 1.0.  The appropriate effectiveness factor for cracked concrete (kcr) or uncracked concrete (kuncr) must be used. 
4 For all design cases, ψc,P = 1.0.  Tabular value for pullout strength is for a concrete compressive strength of 2,500 psi (17.2 MPa). Pullout strength 

for concrete compressive strength greater than 2,500 psi (17.2 MPa) may be increased by multiplying the tabular pullout strength by  
(f'c / 2,500)n for psi or (f'c / 17.2)n for MPa where n=0.15 for 1/4" x 1-5/8" and n=0.35 for 1/4" x 2-1/2". NA (not applicable) denotes that pullout strength does not 
need to be considered for design.  

5 Mean values shown. Actual stiffness varies considerably depending on concrete strength, loading, and geometry of application. 
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TABLE 5—HILTI KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C AND KH-EZ CRC TENSION AND SHEAR DESIGN DATA FOR 
INSTALLATION IN THE UNDERSIDE OF CONCRETE-FILLED PROFILE STEEL DECK ASSEMBLIES1,5,6,7 

Characteristic Symbol Units 

Lower Flute Upper Flute 

Anchor Diameter 
1/4 3/8 1/2 5/8 3/4 1/4 3/8 1/2 

Head Style and 
Coating - - Hex, P, PM, 

PL, C Head 
Hex, 

C 
Head 

Hex Head (including CRC) Same as previous 

Embedment hnom 
in. 15/8 21/2 15/8 21/2 31/4 21/4 3 41/4 31/4 5 4 15/8 21/2 15/8 21/2 21/4 

(mm) (41) (64) (41) (64) (83) (57) (76) (108) (83) (127) (102) (41) (64) (41) (64) (57) 

Minimum Hole 
Depth ho 

in. 2 27/8 17/8 23/4 31/2 25/8 33/8 45/8 35/8 53/8 43/8 2 27/8 17/8 27/8 25/8 

(mm) (51) (73) (47) (70) (83) (67) (86) (117) (92) (137) (111) (51) (73) (48) (73) (67) 

Effective 
Embedment Depth hef 

in. 1.18 1.92 1.11 1.86 2.50 1.52 2.16 3.22 2.39 3.88 2.92 1.18 1.92 1.11 1.86 1.52 

(mm) (30) (49) (28) (47) (64) (39) (55) (82) (61) (99) (74) (30) (49) (28) (47) (39) 

Pullout Resistance, 
(uncracked 
concrete)2 

Np,deck,uncr 

lbf. 1,210 1,875 1,300 2,240 3,920 1,305 3,060 5,360 4,180 9,495 4,180 1,490 1,960 1,490 2,920 1,395 

(kN) (5.4) (8.3) (5.8) (10.0) (17.4) (5.8) (13.6) (23.8) (18.6) (42.2) (18.6) (6.6) (8.7) (6.6) (13.0) (6.2) 

Pullout Resistance 
(cracked conc. / 
seismic loads)3 

Np,deck,cr 

lbf. 620 930 810 1,590 2,780 820 1,930 3,375 2,630 5,980 2,630 760 975 1,185 2,070 985 

(kN) (2.8) (4.1) (3.6) (7.1) (12.4) (3.6) (8.6) (15.0) (11.7) (26.6) (11.7) (3.4) (4.3) (5.3) (9.2) (4.4) 

Steel Strength in 
Shear4 Vsa,deck 

lbf. 1,205 2,210 1,510 1,510 3,605 1,605 2,920 3,590 3,470 4,190 3,760 1,205 3,265 3,670 6,090 7,850 

(kN) (5.4) (9.8) (6.7) (6.7) (16.0) (7.1) (13.0) (16.0) (15.4) (18.6) (16.7) (5.4) (14.5) (16.3) (27.1) (34.9) 

Steel Strength in 
Shear, Seismic Vsa,deck,eq

 
lbf. 905 1,990 905 905 2,165 965 1,750 2,155 2,080 2,515 2,610 1,080 2,940 3,670 3,650 4,710 

(kN) (4.0) (8.9) (4.0) (4.0) (9.6) (4.3) (7.8) (9.6) (9.3) (11.2) (11.6) (4.8) (13.1) (16.3) (16.2) (21.0) 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1Installation must comply with Sections 4.1.10 and 4.3 and Figure 12 of this report. 
2The values listed must be used in accordance with Section 4.1.4 of this report. 
3The values listed must be used in accordance with Section 4.1.4 and 4.1.8.2 of this report. 
4The values listed must be used in accordance with Section 4.1.5 and 4.1.8.3 of this report. 
5The values for φp in tension and the values for φsa in shear can be found in Table 3 of this report. 
6For the 1/4-inch-diameter (KH-EZ) at 21/2-inch nominal embedment and the 3/8-inch- through 3/4-inch-diameter anchors the characteristic pullout resistance for 
concrete compressive strengths greater than 3,000 psi may be increased by multiplying the value in the table by (f'c/3,000)1/2 for psi or (f'c/20.7)1/2 for MPa. 
7For the 1/4-inch-diameter anchors (KH-EZ and KH-EZ P, PM, PL) at 15/8-inch nominal embedment characteristic pullout resistance for concrete compressive 
strengths greater than 3,000 psi may be increased by multiplying the value in the table by (f'c/3,000)0.3 for psi or (f'c/20.7)0.3 for MPa. 
 

 
FIGURE 12—INSTALLATION OF KH-EZ, KH-EZ CRC AND KH-EZ I IN SOFFIT OF CONCRETE OVER STEEL DECK FLOOR AND 

ROOF ASSEMBLIES1 
1Anchors may be placed in the upper or lower flute of the steel deck profile provided the minimum hole clearance is satisfied. Anchors in the lower flute may 
be installed with a maximum 1-inch offset in either direction from the center of the flute. The offset distance may be increased proportionally for profiles with 
lower flute widths greater than those shown provided the minimum lower flute edge distance is also satisfied. 
2Minimum flute width for  ¼-inch diameter KH-EZ and KH-EZ I and 3/8-inch diameter KH-EZ I is 37/8 inches. Minimum flute width for KH-EZ 3/8-, ½-, 5/8- and 
¾-inch diameters is 41/2 inches. 
3Minimum concrete thickness above upper flute for  ¼-inch diameter KH-EZ and 3/8-inch KH-EZ I is 21/2 inches. Minimum concrete thickness above upper 
flute for KH-EZ 3/8-, ½-, 5/8- and ¾-inch diameter is 3-1/4 inches. 
4Minimum distance from edge of flute to centerline of anchor for KH-EZ and KH-EZ I ¼-inch diameter is 1-inch. Minimum distance from edge of flute to 
centerline of anchor for KH-EZ 3/8-, ½-, 5/8- and ¾-inch diameter is 11/4 inches. 

  

C80



ESR-3027 Page 17 of 22 
 

 

TABLE 6—HILTI KH-EZ E AND KH-EZ I, INSTALLATION INFORMATION AND ANCHOR SPECIFICATION1 

Characteristic Symbol Units 
Nominal Anchor Diameter (inches) 

1/4 

(KH-EZ I and KH-EZ E) 
3/8 

(KH-EZ I) 
Nominal drill bit diameter dbit in. 1/4 3/8 

Head style - - Internally (I) or Externally (E) Threaded Internally (I) 

Effective embedment hef 
in. 1.18 1.92 1.54 

(mm) (30) (49) (39) 

Nominal embedment hnom 
in. 15/8 21/2 2 1/8 

(mm) (41) (64) (54) 

Hole depth in concreteHole depth in 
concrete (min.) ho 

in. 2 27/8 23/8 

(mm) (51) (73) (60) 

Maximum installation torque Tinst,max
4 

ft-lbf 18 40 

(Nm) (24) (54) 

Maximum impact wrench torque rating 3 Timpact,max 
ft-lbf 114 137 450 

(Nm) (155) (186) (610) 

Wrench socket size – KH-EZ I 

1/4″ Internal Thread 
in. 3/8 

N/A 
(mm) (9.5) 

3/8″ Internal Thread 
in. 1/2 

N/A 
(mm) (12.7) 

1/2″ Internal Thread 
in. 

N/A 
3/4 

(mm) (19.1) 

Wrench socket size – KH-EZ E WS 
in. 1/2 

N/A 
(mm) (12.7) 

Minimum concrete thickness hmin 
in. 31/4 41/8 35/8 

(mm) (83) (105) (92) 

Minimum edge distance 2 
cmin

 6 
in. 11/2 11/2 

(mm) (38) (38) 

for s ≥ 6 
in. 3 3 

(mm) (76) (76) 

Minimum anchor spacing 

smin 6 
in. 11/2 21/4 

(mm) (38) (57) 

for c ≥ 6 
in. 2.00 2.78 2.75 

(mm) (51) (71) (70) 

Max. head height – KH-EZ I  

1/4″ Internal Thread 
in. 5/8 

N/A 
(mm) (15.9) 

3/8″ Internal Thread 
in. 11/16 

N/A 
(mm) (17.5) 

½” Internal Thread 
in. 

N/A 
3/4 

(mm) (19.1) 

Max. head height KH-EZ E 3/8” External thread 
in. 13/8 

N/A 
(mm) (35) 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1The data presented in this table is to be used in conjunction with the design criteria of ACI 318-19 Chapter 17. 
2For installations through the soffit of steel deck into concrete (see Figure 12) anchors installed in the lower flute may be installed with a maximum  
1 inch offset in either direction from the center of the flute. 
3Because of variability in measurement procedures, the published torque of an impact tool may not correlate properly with the above setting torques. Over-
torqueing can damage the anchor and/or reduce its holding capacity. 
4Tinst,max applies to installations using a calibrated torque wrench. 
5The KH-EZ I and KH-EZ E versions are driven directly to the supporting member surface. 
6Additional combinations for minimum edge distance, cmin, and minimum spacing distance, smin, may be derived by linear interpolation between the given 
boundary values. 
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TABLE 7—HILTI KH-EZ E AND KH-EZ I TENSION AND SHEAR STRENGTH DESIGN DATA1,2,3,6 

Characteristic Symbol Units 
Nominal Anchor Dimension 

1/4 
(KH-EZ I and KH-EZ E) 

3/8 
(KH-EZ I) 

Head style - - Internally (I) or Externally (E) Threaded Internally (I) 

Nominal diameter da 
in. 0.250 0.375 

(mm) (6.4) (9.5) 

Effective embedment hef 
in. 1.18 1.92 1.54 

(mm) (30) (49) (39) 

Nominal embedment hnom 
in. 15/8 21/2 21/8 

(mm) (41) (64) (54) 
Strength reduction factor for steel in tension 2,7 φsa - 0.65 0.65 

Min. specified ult. strength Ase 
in.2 0.045 0.086 

(mm2) (29.0) (55.5) 

Effective-cross sectional steel area in tension futa 
psi 125,000 106,975 

(MPa) (862) (738) 

Nominal steel strength in tension Nsa 
lbf. 5,660 9,200 

(kN) (25) (41) 
Anchor category 1, 2 or 3 - - 3 1 1 
Strength reduction factor for concrete failure 
modes in tension 2 φc,N - 0.45 0.65 0.65 

Effectiveness factor for uncracked oncrete  kuncr - 24 24 
Effectiveness factor for cracked concrete  kcr - 17 17 
Modification factor for anchor resistance, 
tension, uncracked concrete Ψc,N - 1.0 1.0 

Critical edge distance cac 
in. 2.00 2.78 2.75 

(mm) (51) (71) (70) 

Pullout strength in uncracked concrete Np,uncr6 
lbf. 1,3055 2,3504 

N/A 
(kN) (5.8) (10.5) 

Pullout strength in cracked concrete Np,cr6 
lbf. 6655 1,1654 

N/A 
(kN) (3.0) (5.2) 

Pullout strength in cracked concrete, seismic Np,eq6 
lbf. 5355 1,1654 

N/A 
(kN) (2.4) (5.2) 

Strength reduction factor for steel in shear 2 φsa,V - 0.60 0.60 

Nominal steel strength in shear8 Vsa 
lbf. 1,360 1,315 1,885 

(mm) (6.4) (9.5) (12.7) 

Nominal steel strength in shear, seismic8 Vsa,eq 
lbf. 605 1,120 1,885 

(kN) (2.7) (5.0) (8.4) 

Load bearing length of anchor ℓe 
in. 1.18 1.92 1.54 

(mm) (30) (49) (39) 
Strength reduction factor for concrete failure 
modes in shear 2 φc,V - 0.70 0.70 

Coefficient for Pryout Strength kcp - 1.0 1.0 1.0 

Mean axial stiffness, uncracked concrete βuncr 
lb/in. 760,000 

(N/mm) (133,000) 

Mean axial stiffness, cracked concrete βcr 
lb/in. 293,000 

(N/mm) (51,275) 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1The data in this table is intended for use with the design provisions of ACI 318-19 Chapter 17 for anchors resisting seismic load combinations the additional 
requirements of ACI 318-19 Section 17.10 shall apply. 
2The strength reduction factor applies when the load combinations from the IBC or ACI 318 are used and the requirements of ACI 318-19 Section 17.5.3 are met. 
3In this report, N/A denotes that pullout resistance does not govern and does not need to be considered. 
4The characteristic pullout resistance for concrete compressive strengths greater than 2,500 psi may be increased by multiplying the value in the table by (f'c/2,500)0.5 for 
psi or (f'c/17.2)0.5 for MPa. 
5The characteristic pullout resistance for concrete compressive strengths greater than 2,500 psi may be increased by multiplying the value in the table by (f'c/2,500)0.3 for 
psi or (f'c/17.2)0.3 for MPa. 
6For lightweight concrete, calculate values according to Section 4.1.12 of this report. 
7The KH-EZ E and KH-EZ I are considered brittle steel elements as defined by ACI 318-19 Section 2.3. 
8Reported values for steel strength in shear are based on test results per ACI 355.2, Section 9.4 and must be used for design in lieu of calculated results using equation 
17.7.1.2b of ACI 318-19. 
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TABLE 8—HILTI KH-EZ I AND KH-EZ E TENSION AND SHEAR DESIGN DATA FOR INSTALLATION IN THE UNDERSIDE OF 
CONCRETE-FILLED PROFILE STEEL DECK ASSEMBLIES1,6,7 

Characteristic Symbol Units 
Lower Flute Upper Flute 

Nominal Anchor Diameter 
1/4 3/8 1/4 3/8 

Head Style - - Internally (I) Threaded and 
Externally (E) Threaded 

Internally 
Threaded 

Internally (I) Threaded and  
Externally (E) Threaded 

Internally 
Threaded 

Embedment hnom 
in. 15/8 21/2 15/8 21/2 21/8 15/8 21/2 15/8 21/2 21/8 

(mm) (41) (64) (41) (64) (54) (41) (64) (41) (64) (54) 

Minimum Hole Depth ho 
in. 2 27/8 2 27/8 23/8 2 27/8 2 27/8 23/8 

(mm) (51) (73) (51) (73) (60) (51) (73) (51) (73) (60) 
Internal Thread 
Diameter - 

in. 1/4 3/8 1/2 1/4 3/8 1/2 

(mm) (6.4) (9.5) (12.7) (6.4) (9.5) (12.7) 

Effective Embedment 
Depth hef 

in. 1.18 1.92 1.18 1.92 1.54 1.18 1.92 1.18 1.92 1.54 
(mm) (30) (49) (30) (49) (39) (30) (49) (30) (49) (39) 

Pullout Resistance, 
(uncracked 
concrete)2 

Np,deck,uncr 
lbf. 1,210 1,875 1,210 1,875 1,720 1,490 1,960 1,490 1,960 2,660 

(kN) (5.4) (8.3) (5.4) (8.3) (7.7) (6.6) (8.7) (6.6) (8.7) (11.8) 

Pullout Resistance 
(cracked concrete 
and seismic loads)3 

Np,deck,cr 

lbf. 620 930 620 930 1,220 730 975 730 975 1,885 

(kN) (2.8) (4.1) (2.8) (4.1) (5.4) (3.2) (4.3) (3.2) (4.3) (8.4) 

Steel Strength in 
Shear4 Vsa,deck 

lbf. 860 1,025 2,380 1,015 1,525 3,650 
(kN) (3.8) (4.6) (10.6) (4.5) (6.8) (16.2) 

Steel Strength in 
Shear, Seismic Vsa,deck,eq 

lbf. 385 875 2,380 445 1,295 3,650 
(kN) (1.7) (3.9) (10.6) (2.0) (5.8) (16.2) 

For SI: 1 inch = 25.4 mm, 1 ft-lbf = 1.356 N-m, 1 psi = 6.89 kPa, 1 in2 = 645 mm2, 1 lb/in = 0.175 N/mm. 
1Installation must comply with Sections 4.1.10 and 4.3 and Figures 11B, 11D, and 12 of this report. 
2The values listed must be used in accordance with Section 4.1.4 of this report. 
3The values listed must be used in accordance with Section 4.1.4 and 4.1.8.2 of this report. 
4The values listed must be used in accordance with Section 4.1.5 and 4.1.8.3 of this report. 
5The values for φp in tension and the values for φsa in shear can be found in Table 3 of this report. 
6For the 1/4-inch-diameter (KH-EZ I) at 2-1/2 inch nominal embedment the characteristic pullout resistance for concrete compressive strengths greater than 3,000 
psi may be increased by multiplying the value in the table by (f'c/3,000)1/2 for psi or (f'c/20.7)1/2 for MPa. 
7For the 1/4-inch-diameter anchors (KH-EZ I and KH-EZ E) at 15/8-inch nominal embedment characteristic pullout resistance for concrete compressive strengths 
greater than 3,000 psi may be increased by multiplying the value in the table by (f'c/3,000)0.3 for psi or (f'c/20.7)0.3 for MPa. 

 
 
 
 

TABLE 9—HILTI KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C AND KH-EZ E, SETTING INFORMATION FOR INSTALLATION ON THE 
TOP OF CONCRETE-FILLED PROFILE STEEL DECK ASSEMBLIES.1,2,3,4,5,6,7 

DESIGN 
INFORMATION Symbol Units 

Nominal Anchor Diameter 
1/4 3/8 1/2 

Effective 
Embedment Depth hef 

in. 1.18 1.92 1.11 1.86 2.50 1.52 2.16 
(mm) (30) (49) (28) (47) (64) (39) (55) 

Nominal 
Embedment Depth hnom in. 

(mm) 
15/8 

(41) 
21/2 

(64) 
15/8 

(41) 
21/2 

(64) 
31/4 

(83) 
21/4 

(57) 
3 

(76) 

Minimum concrete 
thickness hmin,deck 

in. 21/2 21/2 21/2 21/2 31/4 21/2 31/4 
(mm) (64) (64) (64) (64) (83) (64) (83) 

Critical edge 
distance cac,deck,top 

in. 4 71/2 3 71/2 41/4 6 83/4 
(mm) (104) (191) (76) (191) (108) (152) (83) 

Minimum edge 
distance cmin,deck,top 

in. 13/4 13/4 13/4 3 13/4 3 13/4 
(mm) (44) (44) (44) (76) (44) (76) (222) 

Minimum spacing smin,deck,top 
in. 3 3 3 3 3 3 3 

(mm) (76) (76) (76) (76) (76) (76) (76) 
For SI: 1 inch = 25.4 mm. 
1Installation must comply with Sections 4.1.10 and 4.3 of this report. 
2For all other anchor diameters and embedment depths refer to Table 1 for values of hmin,cmin and smin. 
3Design capacity must be based on calculations according to values in Tables 3 and 6 of this report. 
4Applicable for 2½-inch ≤ hmin,deck <31/4-inch.  For hmin,deck ≥ 31/4-inch, use setting information in Tables 3 and 6 of this report. 
5Minimum concrete thickness (hmin,deck) refers to concrete thickness above upper flute. 
6Minimum flute depth (distance from top of flute to bottom of flute) is 3 inches. 
7Steel deck thickness must be minimum 20 gauge. 
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TABLE 10— APPLICABLE SECTIONS OF THE IBC UNDER EACH EDITION OF THE IBC   

  
2024 IBC 2021 IBC 2018 IBC 2015 IBC 

Section 1605.1 Section 1605.2 or 1605.3 
1705 

Section 1705.1.1 and Table 1705.3 
1706 
1707 

Section 1901.3 
Sections 1903 and 1905 

Section 1905.7 Section 1905.1.8 
  

 
TABLE 11— APPLICABLE SECTIONS OF ACI 318 UNDER EACH EDITION OF THE IBC  

 
2024 IBC 2021 IBC 2018 IBC 2015 IBC 

ACI 318-19 ACI 318-14 
2.3 2.3 
5.3 5.3 

Chapter 17 Chapter 17 
17.3.1 17.2.7 

17.5.1.2 17.3.1 
17.5.3 17.3.3 
17.6.1 17.4.1 

17.6.1.2 17.4.1.2 
17.6.2 17.4.2 

17.6.2.1 17.4.2.1 
17.6.2.2 17.4.2.2 

17.6.2.3.1 17.4.2.4 
17.6.2.4.1 17.4.2.5 
17.6.2.5 17.4.2.6 
17.6.3 17.4.3 

17.6.3.1 17.4.3.1 
17.6.3.2.1 17.4.3.2 
17.6.3.3 17.4.3.6 
17.7.1.2 17.5.1.2 

Eq. 17.7.1.2b Eq. 17.5.1.2b 
17.7.2 17.5.2 

17.7.2.2.1 17.5.2.2 
17.7.3 17.5.3 
17.8 17.6 
17.9 17.7 

17.9.2 17.7.1 and 17.7.3 
17.9.4 17.7.5 
17.9.5 17.7.6 
17.10 17.2.3 

17.10.5 17.2.3.4 
17.10.6 17.2.3.5 
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DIVISION: 03 00 00—CONCRETE  
Section: 03 16 00—Concrete Anchors  
 
DIVISION: 05 00 00—METALS 
Section: 05 05 19—Post-Installed Concrete Anchors 
 
REPORT HOLDER: 
 

HILTI, INC. 
 
EVALUATION SUBJECT: 
 

HILTI KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, AND KH-EZ CRC CARBON STEEL SCREW 
ANCHORS AND KH-EZ SS316 AND KH-EZ C SS316 STAINLESS STEEL SCREW ANCHORS FOR USE IN CRACKED 
AND UNCRACKED CONCRETE 
 

1.0 REPORT PURPOSE AND SCOPE 
Purpose: 
The purpose of this evaluation report supplement is to indicate that the Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ 
C, KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw anchors and KH-EZ SS316 and KH-EZ C SS316 stainless steel 
screw anchors in cracked and uncracked concrete, described in ICC-ES evaluation report ESR-3027, have also been 
evaluated for compliance with the codes noted below as adopted by Los Angeles Department of Building and Safety (LADBS). 
Applicable code editions: 
 2023 City of Los Angeles Building Code (LABC) 
 2023 City of Los Angeles Residential Code (LARC) 

2.0 CONCLUSIONS 
The Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw anchors 
and KH-EZ SS316 and KH-EZ C SS316 stainless steel screw anchors in cracked and uncracked concrete, described in 
Sections 2.0 through 7.0 of the evaluation report ESR-3027, comply with the LABC Chapter 19, and the LARC, and are subject 
to the conditions of use described in this supplement. 

3.0 CONDITIONS OF USE 
The Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw anchors 
and KH-EZ SS316 and KH-EZ C SS316 stainless steel screw anchors described in this evaluation report supplement must 
comply with all of the following conditions:  
• All applicable sections in the evaluation report ESR-3027.  
• The design, installation, conditions of use and identification of the anchors are in accordance with the 2021 International 

Building Code® (IBC) and 2021 International Residential Code® (IRC) provisions, as applicable, noted in the evaluation 
report ESR-3027. 

• The design, installation and inspection are in accordance with additional requirements of LABC Chapters 16 and 17, as 
applicable. 

• Under the LARC, an engineered design in accordance with LARC Section R301.1.3 must be submitted.  
• The allowable and strength design values established with the evaluation report and tables are for the connection of the 

anchors to the concrete. The connection between the anchors and the connected members shall be checked for capacity 
(which may govern).  

• For use in wall anchorage assemblies to flexible diaphragm applications, anchors shall be designed per the requirements 
of City of Los Angeles Information Bulletin P/BC 2023-071. 

This supplement expires concurrently with the evaluation report, reissued December 2025. 
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DIVISION: 03 00 00—CONCRETE 
Section: 03 16 00—Concrete Anchors 
 
DIVISION: 05 00 00—METALS 
Section: 05 05 19—Post-Installed Concrete Anchors 
 
REPORT HOLDER: 
 

HILTI, INC. 
 
EVALUATION SUBJECT: 
 

HILTI KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, AND KH-EZ CRC CARBON STEEL SCREW 
ANCHORS AND KH-EZ SS316 AND KH-EZ C SS316 STAINLESS STEEL SCREW ANCHORS FOR USE IN CRACKED 
AND UNCRACKED CONCRETE 

 
1.0 REPORT PURPOSE AND SCOPE 

Purpose: 

The purpose of this evaluation report supplement is to indicate that Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, 
KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw anchors and KH-EZ SS316 and KH-EZ C SS316 stainless steel screw 
anchors in cracked and uncracked concrete, described in ICC-ES evaluation report ESR-3027, have also been evaluated for 
compliance with the codes noted below: 

Compliance with the following codes: 

 2023 Florida Building Code—Building 

 2023 Florida Building Code—Residential 

2.0 CONCLUSIONS 

The Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw anchors 
and KH-EZ SS316 and KH-EZ C SS316 stainless steel screw anchors, described in Sections 2.0 through 7.0 of the evaluation 
report ESR-3027, comply with the Florida Building Code—Building and the Florida Building Code—Residential, provided the 
design requirements are determined in accordance with the Florida Building Code—Building or the Florida Building  
Code—Residential, as applicable. The installation requirements noted in ICC-ES evaluation report ESR-3027 for the 2021 
International Building Code® meet the requirements of the Florida Building Code—Building or the Florida Building  
Code—Residential, as applicable. 

Use of the Hilti KH-EZ, KH-EZ P, KH-EZ PM, KH-EZ PL, KH-EZ C, KH-EZ E, KH-EZ I, and KH-EZ CRC carbon steel screw 
anchors, and KH-EZ SS316 and KH-EZ C SS316 stainless steel screw anchors in cracked and uncracked concrete have also 
been found to be in compliance with the High-Velocity Hurricane Zone provisions of the Florida Building Code—Building and 
the Florida Building Code—Residential, with the following condition: 

a) For anchorage of wood members, the connection subject to uplift must be designed for no less than 700 pounds  
(3114 N).  

For products falling under Florida Rule 61G20-3, verification that the report holder’s quality assurance program is audited by 
a quality assurance entity approved by the Florida Building Commission for the type of inspections being conducted is the 
responsibility of an approved validation entity (or the code official, when the report holder does not possess an approval by the 
Commission). Florida Rule 61G20-3 is applicable to products and/or systems which comprise the building envelope and 
structural frame for compliance with the structural requirements of the Florida Building Code. 

This supplement expires concurrently with the evaluation report, reissued December 2025. 
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���8���o��p�'q���(��

:�ie_nben_Al�


6��,�����
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Xdg�_̂xfe�̄�;<;w�VXX�°mAlnAêdB�ì_m̂b̀>�±±Xh�²ll�_̂xfec�_̀c̀_m̀ChN

C87



��������� �	
�����
����
�

�

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

�������������������!�""��������������""�����"��&�!����������$�1����!��2'��������"����!��!����'!����!������!�""���
����������!���!���������������!��������������)�!���������"��!�!����!�����������!����������������&����!��!���
�%���������"��)����������!��'!&������!��!������������!���������""�����"�����!����������!����"$�3��!�""�!����
���!�'�!�����������"�!����������!����������!����!�����4��!����-$5)����"���+)�6�����/)�����7��'����8)�+)�5)�98)�9:)�
9;�����9<$�

=>����?�@��ABCD��E��F	@G�H��A��I�JHKL�@MN�

����������������������'���!'�������������'����������!��"��������������'��O$OOO6 �����.9�P�0�Q�����"�!����
��������������&�!��84�R�:/55$������%���������"���������'���!'���������8343������5+/��!���"�����!��"$�����
&���������������!��84�R�7S--$�������%��'!����������!��84�R�89/5)�T�����8$�����U�&�� 4!'�V�4<6�
�����������""'�!��!������7��'���6$�3��!�""�!�������!�'�!�����������"�!����������!����������!����!�����4��!����-$5)�
���"���+�����6)�����7��'����8)�+)�5)�98)�9:)�9;�����9<$�

=>=���?�@��ABCD��EW�	HC���?�@��ABCD��EX��A	YHI�MM��A��I�JHKL�@MN�

����U�&�� 4!'�V�4<-�������������������'���!'��������������5O-��!���"�����!��"�����!���U�&�� 4!'�V�4</�
������'���!'��������������5+/��!���"�����!��"$������%���������"����������%��'!���������'���!'��������������
5+/��!���"�����!��"$�1��������������'���!'���������5OO���������!���"�����!��"�����!���U�&�� 4!'�V�4<-�����
�����5+/��!���"�����!��"�����!���U�&�� 4!'�V�4</$�����U�&�� 4!'�V�4<-�����U�&�� 4!'�V�4</�������������
�""'�!��!������7��'���6$�3��!�""�!�������!�'�!�����������"�!����������!����������!����!�����4��!����-$5)����"��/)�����
7��'����8)�+�����5$�

U�&�� 4!'�V�4<-�����U�&�� 4!'�V�4</������������������!��������!���"������������!�������!����"�"��!����
����������!������!�����""�&����!��"�$�

FZ[�J\]�\J[�� ��ZÊ F_�\J[��
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ŵyyw�nzqsmnwvn
�wyyw�q\rn
xvqyyq\rn�tlrl|n
p�]sqw\|n
�wv]txn[qvmnswn
t�sv[]snywwptn
u[vsq]ytpn
]vt[stxnz�n
xvqyyq\rln

n

�lmn�wpqsqw\nŝtn
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swv~�tn�vt\]̂nz�n
[uuy�q\rnŝtn
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S�67�8]]�H:[D;3�48[:[�sqi�̀�=LOL��67�95:�48]4Z]89D63�6C�jypìD34]ZHD3;�8H�Z[9F:39�C67�[\:4DCD:H�46347:9:�46F\7:[[DE:�[97:3;95>�[::�k:49D63�RL=LR�6C�95D[�7:\679L�
Q�Z]]6Z9�[97:3;95�H6:[�369�463976]�H:[D;3�6C�D3HD489:H�834567[L��6�369�48]4Z]89:�\Z]]6Z9�[97:3;95�C67�D3HD489:H�834567�[D�:�83H�:FG:HF:39L�
T234567[�87:�\:7FD99:H�96�G:�Z[:H�D3�]D;59v:D;59�46347:9:�D3�84467H834:�vD95�k:49D63�RL=L=?�6C�95D[�7:\679L�
=Ou8GZ]89:H�E8]Z:[�C67�4587849:7D[9D4�\Z]]6Z9�[97:3;95�D3�9:3[D63�87:�C67�[:D[FD4�8\\]D489D63[�87:�G8[:H�63�9:[9�7:[Z]9[�\:7�2t��@PPL?>�k:49D63�TLPL�
==249Z8]�[9DCC3:[[�6C�95:�F:83�E8]Z:�E87D:[�463[DH:78G]<�H:\:3HD3;�63�46347:9:�[97:3;95>�]68HD3;�83H�;:6F:97<�6C�8\\]D489D63L�
=?234567[�87:�\:7FD99:H�C67�Z[:�D3�46347:9:ACD]]:H�[9::]�H:4̂�C]667�83H�766C�8[[:FG]D:[>�[::�k:49D63�RL=�83H��D;Z7:[�P2>�Pz>�Pt�83H�P��6C�95D[�7:\679L�
=@u8GZ]89:H�47D9D48]�:H;:�HD[9834:�E8]Z:[>�qfqiwJqoiexy>�87:�C67�834567[�D3[98]]:H�D3�95:�96\�6C�46347:9:�6E:7�[9::]�H:4̂�\76CD]:[�vD95�8�FD3DFZF�46347:9:�
95D4̂3:[[>�I��piwJqo>�6C�?LP�D345:[�8G6E:�95:�Z\\:7�C]Z9:�M96\\D3;�95D4̂3:[[NL��67�FD3DFZF�96\\D3;�95D4̂3:[[�;7:89:7�9583�67�:�Z8]�96�95:�FD3DFZF�46347:9:�
F:FG:7�95D4̂3:[[:[>̀I��p>�;DE:3�D3�u8G]:�=>�95:�8[[64D89:H�47D9D48]�:H;:�HD[9834:>�qfq>�C67�D3HD489:H�834567�HD8F:9:7[�83H�:FG:HF:39�H:\95[�F8<�G:�Z[:H�D3�
95:�48]4Z]89D63�6C�sqyij>�D3�84467H834:�vD95�k:49D63�RL=L=O�6C�95D[�7:\679>�8[�8\\]D48G]:L�

�

C97



��������� �	
�����
�����
�

�

����������������������������������������������� �������!��������!��!�����"�"#$

��%&
'�!(	)	*+�)&%+&*� �
+	+&
'� �'&+%�

�
,&'	-��'*(
)��&	,�+�)�.&'*(/�

01#� �1�� �1#� 01��

234567�489:;67<� =>�?�67�@� A� =� =� =� =�

BCC:49DE:�:FG:HF:39�� IJK�
D3L�
MFFN�

?LOO�
MP=N�

?LOO�
MP=N�

@L?P�
MQ@N�

@L?P�
MQ@N�

RL?P�
M=OQN�

@LSP�
MTPN�

PLOO�
M=?SN�

������������������������.�!��0�#��U���*+&
'��VWVW�/R�

XD3DFYF�Z[:4DCD:H�<D:\H�Z97:3;95�M957:8HZN� K]̂
_ZD�

M̀aFF?N�
SbLQ�
MP@ON�

bQLO�
MRbTN�

bQLO�
MRbTN�

PbLO�
M@QbN�

XD3DFYF�Z[:4DCD:H�Y\9DF89:�Z97:3;95�M957:8HZN� Kcdê
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D3?�
MFF?N�

OLOSSP�
MPOLON�

OL=R=T�
MT=LbN�

OL??bO�
M=RPLQN�

OL@@RP�
M?=PLQN�

j9::\�Z97:3;95�D3�Z5:87P� igê
\GC�
M_̀N�

@>==P�
M=@LTN�

R>Q=P�
M?=LRN�

=O>=SO�
MRPL?N�

=?>b=O�
MPbL=N�

k:HY49D63�C84967�C67�Z9::\�Z97:3;95@� l̂ A� OLbP�

����������������������������������!������!�������.�!��0�#��U���*+&
'��VW��W0/�

j9::\�Z97:3;95�D3�Z5:87>�Z:DZFD4S� igehJm̂
\GC�
M_̀N�

?>RbO�
M==LON�

R>Q=P�
M?=LRN�

b>SSO�
M@OL=N�

Q>ObO�
M@PLTN�

k:HY49D63�C84967�C67�Z9::\�Z97:3;95�D3�Z5:87>�Z:DZFD4@� l̂ A� OLbP�

!��!���������n����������������������.�!��0�#��U���*+&
'��VWVW�/b�

o68HAG:87D3;�\:3;95�6C�834567� pĴ
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{89���|�?�F567�}�ARNT�HH@�?�E;CYIE�}�?NBR̀�pCH@�?�egF�}�̀NSVR�p_HHA@�?�YIE�}�QNQQTT�epN�
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B�:YX<g�E89�hijkLlmjlô:9<�:ZZYF6:IY<�E89�g<FgHF6�Y8:JF5=��g<<�v<6;F85�TN?NSNA�8E�;7Fg�9<Z89;N�
Tv7<:9�Y8:Jg�E89�:56789g�F5g;:YY<J�;798X=7�g;<<Y�J<6e�F5;8�68569<;<�H:>�I<�:ZZYF<J�F5�:5>�JF9<6;F85N�
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�

 ¡¢£�� 
¤¥¢
¤¥¢¦

§̈©�¥§¢�¥§¢ª�¥¡£�

�

¡£�«¢¬­®̄ °¢�±̈²�
³�́�

�

¡£������µ���®����������
³�́��¶�¶��������

�

}~·̧ �������
�¶����

�¶����
�µ����µ����µ����¶�¶����������������

�

9RLJLPL9� �H]\?�K�

BC?q�KL�bH\WD\HC?�qD\\=DC�̀C@?I_CX�=[�H�̀VI_\?�HIWX=@��
�

 ¡ª¹�� ¡ª�º¹¢»§¢�¼½
¢̄
¾

�����
¿

¹

�

�
}~À��Y�gNLJMhgPQRRMhg9LNhg9LNh

NLM�Y�9ON;�ÁÂÃÄ�
�

9RLJLPLP� �H]\?�K�

BC?q�;L�G?C?@ZVI?�W=IC@=\\VI_�[HWC=@?E�@?̀V̀CHIW?�̀C@?I_CX�VI�C?ÌV=I����
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