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Disclaimer

This report was prepared for the Engineering Laboratory of the National Institute of
Standards and Technology (NIST) under Contract SB1341-13-CQ-0009, Task Order
I3ND18FNB730194. The contents of this publication do not necessarily reflect the

views and policies of NIST or the U.S. Government.

This report was produced by the Applied Technology Council (ATC). While
endeavoring to provide practical and accurate information, the Applied Technology
Council, the authors, and the reviewers assume no liability for, nor express or imply any
warranty with regard to, the information contained herein. Users of information
contained in this report assume all liability arising from such use. The building design
drawings are provided for reference only and are not for construction.

Unless otherwise noted, photos, figures, and data presented in this report have been
developed or provided by ATC staff or consultants engaged under contract to provide
information as works for hire. Any similarity with other published information is
coincidental. Photos and figures cited from outside sources have been reproduced in this
report with permission. Any other use requires additional permission from the copyright
holders.

Certain commercial software, equipment, instruments, or materials may have been used
in the preparation of information contributing to this report. Identification in this report
is not intended to imply recommendation or endorsement by NIST, nor is it intended to
imply that such software, equipment, instruments, or materials are necessarily the best
available for the purpose.

NIST policy is to use the International System of Units (metric units) in all its
publications. In this report, however, information is presented in U.S. Customary Units
(inch-pound), as this is the preferred system of units in the U.S. engineering industry.
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Preface

Seismic design codes in the United States have evolved since first introduced in
1925; however, they are primarily based on the knowledge of performance
requirements for buildings located in high seismicity regions of the United States,
such as the West Coast. These model codes are extrapolated for use in areas with
moderate seismicity, such as the Central and Eastern United States (CEUS), where
member sizes of the lateral-force-resisting systems may be governed by wind
requirements. There is a need to understand the seismic performance of buildings
when the controlling design load is from wind effects.

In September 2018, the Applied Technology Council (ATC) commenced a task order
project under National Institute of Standards and Technology (NIST) Contract
SB1341-13-CQ-0009 to develop designs for archetype steel buildings to facilitate
future research in understanding the seismic performance of buildings when the
controlling design load is from wind. For this purpose, three archetype steel
buildings were designed in accordance with older building codes and current building
codes for specific locations within the CEUS. This document is one of three volumes
presenting representative structural calculations supplementing design drawings for
archetype steel buildings provided NIST GCR 21-917-48v2A.

The designs presented were developed by design firms PCS Structural Solutions of
Seattle, Washington and Uzun + Case of Atlanta, Georgia. The Project Technical
Committee, consisting of Don Scott, John Hutton, and Adrian Persaud monitored and
guided the technical efforts of the Project Working Groups, which included Steve
Antilla, Jared Dragovich, Hai Lin, Chris Putman, Cameron Prince, and Gavin
Rinaldo. Project Working Group member McKell Bowen led the development of
two of the three designs presented. The Project Review Panel, consisting of Melissa
Burton (ATC Board Contact), C.B. Crouse, Ramon Gilsanz, Larry Griffis, Emily
Guglielmo, Eric Hines, and Erik Madsen provided technical advice and consultation
over the duration of the work. The names and affiliations of all who contributed to
this report are provided in the list of Project Participants in the main Volume.

ATC also gratefully acknowledges Jay Harris (Contracting Officer’s Representative)
for his input and guidance throughout the project development process. ATC staff
member Justin Moresco and Ginevra Rojahn provided project management support
and report production services, respectively.

Ayse Hortacsu Jon Heintz
Associate Program Manager Program Manager

GCR 21-917-48v2B Preface iii






Table of Contents

Preface ccccceeeeeeeeeeeeeeeeeeeeeeneeeeeeeeeeeseseeeseeesesesenens iii

Design Case A: 1987 NBC “Risk Category II” “Seismic Design Category B” A-1

Design Case B: 2018 IBC Risk Category III Seismic Design Category B......... B-1
Design Case C: 1987 NBC “Risk Category I'V” “Seismic Design

LOF:171101) oy U 3 3 C-1
Design Case D: 2018 IBC Risk Category IV Seismic Design Category B........ D-1
Design Case E: 2018 IBC, Risk Category IV, Seismic Design Category D....... E-1
Design Case F: 2018 IBC, Risk Category IV, Seismic Design Category C........ F-1
Ground Motion Selection for Performance-Based Seismic Evaluation............ G-1

GCR 21-917-48v2B Table of Contents v






Design Case A

1987 NBC
“Risk Category II1I”
“Seismic Design Category B”

This section presents representative structural calculations for Building 2 (7-story
healthcare facility in Long Island, New York) Design Case A. Project objectives,
building selection criteria, seismic design criteria, structural design drawings,

references, and project participants are documented in NIST GCR 21-917-48v2A.

GCR 21-917-48v2B Design Case A: 1987 NBC “RC III” “SDC B” A-1
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DESIGN CRITERIA

VERTICAL LOADS

AREA A LIVE LOAD (2) | PARTITION LOAD CON?_%'XE%ATED
OPERATING ROOMS 95 PSF 60 PSF 20 PSF 1000#
PRIVATE ROOMS 95 PSF 40 PSF 20 PSF 1000#
CORRIDORS ABOVE 1ST FLOOR 95 PSF 80 PSF 20 PSF 1000#
ROOF 100 PSF 40 PSF (1) i -

%I) DRIFT AND UNBALANCED SNOW LOAD PER NBC, 1987, CHAPTER 4.
) LIVE LOAD REDUCTION NOT PERMITTED EXCEPT AS NOTED IN NBC 1987, SECTION 1115.0.
o

eol|

NOW:

=]

fg = 35 PSF = GROUND SNOW LOAD

Pf=CelPg = FLAT ROOF SNOW LOAD = 29.4 PSF
gs = CsPf = SLOPED ROOF SNOW LOAD
$=1.2,Ce=0.7

=h

a3
gATERAL FORCES

(@]

EATERAL FORCES ARE TRANSMITTED BY DIAPHRAGM ACTION OF ROOF AND FLOORS TO BRACED
ERAME/MOMENT FRAME. LOADS ARE THEN TRANSFERRED TO FOUNDATION BY BRACED FRAME/MOMENT
ERAME ACTION WHERE ULTIMATE DISPLACEMENT IS RESISTED BY PASSIVE PRESSURE OF EARTH AND/OR
gLIDING FRICTION. OVERTURNING IS RESISTED BY DEAD LOAD OF THE STRUCTURE.

WIND:

w

THE BUILDING MEETS THE CRITERIA PER NBC 1987 SECTION 1112.0.
(@]

SEXPOSURE CATEGORY =B

BASIC WIND SPEED, V = 90 MPH

SEQUIVALENT RISK CATEGORY PER TABLE 1.5-1 =1II
ZPRESSURE COEFFICIENT (ENCLOSED) = 0.8, -0.5
SWIND IMPORTANCE FACTOR lw = 1.07

=DESIGN WIND BASE SHEAR = 390 KIPS

0]

gEISMIC: (NBC 1987) V = ZIkCSW

Z=38

SEISMIC IMPORTANCE FACTOR, I = 1.25

EQUIVALENT RISK CATEGORY OF BUILDING PER TABLE 1113.1 =III

k= 1.0 AT BRACED FRAME, k= 0.67 AT MOMENT FRAME

W = EFFECTIVE SEISMIC WEIGHT OF BUILDING = 12180 KIPS

éNALYSIS PROCEDURE USED = EQUIVALENT LATERAL FORCE PROCEDURE
S=0.14

DESIGN BRACE FRAME BASE SHEAR V = 805 KIPS

DESIGN MOMENT FRAME BASE SHEAR V = 535 KIPS

FOUNDATION DESIGN CRITERIA

SOIL BEARING PRESSURE: 6000 PSF (ASSUMED)

ACTIVE PRESSURE - RESTRAINED: 50 PCF +14H SEISMIC SURCHARGE (ASSUMED)
ACTIVE PRESSURE - UNRESTRAINED: 35 PCF +6H SEISMIC SURCHARGE (ASSUMED)
PASSIVE RESISTANCE: 200 PCF (INCLUDES F.O.S. 2 1.5) (ASSUMED)

COEFFICIENT OF FRICTION: .35 (INCLUDES F.O.S. = 1.5) (ASSUMED)

*1/3 INCREASE ALLOWED FOR SEISMIC OR WIND LOADING

Page 2 of 57



CONCRETE

CAST-IN-PLACE CONCRETE

DESIGN fc (PSI)

ITEM (AT 28 DAYS
U.N.O.)

FOUNDATIONS 3000

SLABS ON GRADE AND 4000

SLA@ ON METAL DECK
-

REINFORCING STEEL

ASTI\/§A615, GRADE 60 TYPICAL UNLESS NOTED OTHERWISE.

)

WEL@D WIRE REINFORCEMENT SHALL CONFORM TO ASTM A185. LAP ONE FULL MESH ON SIDES AND ENDS
BUT MOT LESS THAN 8 INCHES. WELDED WIRE REINFORCING SHALL BE SUPPORTED TO WITHSTAND
CONGRETE PLACEMENT. PULLING OF MESH INTO PLACE AFTER PLACEMENT IS NOT ALLOWED.

QO

D
REINEORCING SPLICE AND DEVELOPMENT LENGTH SCHEDULE, Fy=40 KSI (UNLESS NOTED OTHERWISE)
=
SGRIE MINIMUM LAP SPLICE LENGTHS ("Ls") MINIMUM DEVELOPMENT LENGTHS ("Ld")
3
#3 3 1 "6" 1 |_3u
#4 5 2'-0" 17"
#5 Q 2!_7" 2|_0u
Qf
#6 3-1" 2'-4"
#7 (% 4"6" 3"6"
#8 o 52" 311"
-
#9 o 5-10" 4'-6"
=
#10¢/] 6'-6" 5'-0"
#1 1 CD 7|_3|l 5|_7u
-
N
STRUCTURAL STEEL
\I

MAT@IAL PROPERTIES

N
WIDEFLANGE SECTIONS: ASTM A36 (Fy = 36 KSI)

OTHER SHAPES AND PLATES: ASTM A36 (Fy = 36 KSI)

HOLLOW STRUCTURAL SECTIONS: RECTANGULAR & SQUARE - ASTM A500 GRADE B (Fy = 46 KSI)

MACHINE BOLTS (M.B.): ASTM A307

HIGH-STRENGTH BOLTS: A325-ASTM F1852, A490-ASTM F2280

ANCHOR BOLTS (A.B.): ASTM A490, GRADE 36, UNLESS OTHERWISE NOTED
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GRAVITY DESIGN
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c
Subject: L Cedrche Sheet

/\m OLD@ * Job No: 19
Name: SﬂD
Date: Vi, / Y

Structural Solutions Originating Office: [ | Seattle El Tacoma [ | Portland

-~
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Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746
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1250"
320" 306" 30-6" 32-0"
% (2) #5 CHORD BARS
6x170 36x170 <40; 36x170 <40; 36x170
= ¢
@] 8 §
g g
© z
c W12x19
St prr .
= N 3
8 M4 W18x35 <30> (C=3/4") 5 W18x35 <305 (C=3/4") g
= ¥ &
ok \ > H
5 / Wi12x19 5
& / \ <12> 14" - TvP B
> pYy
s
3
2 ny
g 3
% W27x102 <48> W24x104 <48> 809 W24x104 <48> W27x102 <48>
5 -
g 3
— 3"METAL DECK WITH v A
o 4-1/2" CONCRETE ] &
— TOPPING (7-1/2" TOTAL S 4~
= THICKNESS) PER s
(0] ) = W12x19 5
3 2
@ W16x31 <20> /\ <12> . 54
& — \ s
O_'_z W18x35 <30> (C=3/4") 2 W18x35 <30> (C=3/d") g
3 g 3
0% , 2 g
=€ © E o
Q v W12x19 H
6 fg’ A <12>
e )
D = v -
8 o
— 8 =)
o ¢ N
3 W27x102 <48> W24x104 <48> = W24x104 <48> W27x102 <48>
= gy p— o
= =t g
= W12x19 . o
&
(2) #5 CHORD BARS = &
(7] 5 L-— (2) #5 CHORD BARS
] Al wiexto | ~ 2
=] gl——1|= e
al 8 A= 18 & 3| = s 3
og g ? \ R < g W18x35 <30> (C=3/4" v &
= W18x35 <30> (C=3/4") o W18x35 <30>. A 6 M W16x31 <16> M X (C=3/4") - o
of g g g =% g 3
Oz 3 v\ 6 3| 2 8 $
Q3 H 0 > 2 =z H = H
=] 4 o[\8609 o wiaxte |2
| v v & 12> =
O b 5 =
b by
o g ¢
o = =
g W27x102 <48> W24x104 <48> W24x104 <48 W27x102 <48>
—
— W12x19
@
O W18x35 <30> (C=1") N
pui 3
~ W12x19 v 5
PRALCIC s 5
% <4> 3 8
| H
|
:‘I W12x19
_Ib <4>
4
o) W36x170 <40> W3ex1 W36x170 <40> W36x170 <40>
vy, \
(2) #5 CHORD BARS\
61

NORTH

Example Calc (FB4)

N\ FIRST FLOOR FRAMING PLAN

W 178" = 10"
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Project ID: 19051
ASD V7 StQEI Manual Project Name: ATC BLDG 2
h I Engineer: JAD
Structural Solutions shape only Date: 6/19/2020
| Beam # =|FB4 | [ shape [Wisx40 |
| Properties Geometry Elastic Properties
A 11.8  [in.A2 X-X Y-Y
d 179 |in. Iy 612 in.n4 I, 19.1 in.ng4
by 6.018 |in. Sy 68.4  |in.A3 S, 6.34 in.A3
ty 0.524 |in. ry 7.21 in. ry 1.27 in.
tw 0.316 _|in. Plastic Modulus
W(weight) 40 |#/r. z, [ 784 Jinn3 z, [ 994 inn3
rr 1.54
d/A ¢ 5.68 Torsional Constant Y
J 0.808 _|in." |tr k1 lk
Compact Section Criteira Warping Consant r [
b./2t, 5.74 C, 1440 |in.”6
- - _ d  X—f—X T
d/tw 56.6 Material Property
F,” 52.9 |ksi E [ 29000 |ksi tw
F,” 20.6 |ksi Fy 36 ksi .
T
Note: | Input/ verify data in yellow box: | | be !k

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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Composite Beam AISC 7th Edition

L/BJ0"10p//:sdny :wo.y abieyd jo aal) ajge|ieAe si uoneolignd sy

g2/8Y-L16-12°d0O LSIN/8209

A

Note: The following calcultion is basic on the 'Steel Tips by Steel Committee of California" dated Jan 1987 and
Example 1 of Composite Design for building construction in AISC 7ed
Assumption:
Item Ribs Perpendicular Ribs Parallel
1. Concrete Area below Top of Neglect Include
deck
. 085 ,wry Hs wry  Hs
2. Stud Reduction Factor Wiz (ﬁ) * (Ff 1) |06 (E) * (F -1)
3. Maximum Stud Spacing 32in. Not Specified
4, Deck Welding 16in. Not Specified
5 Minimum Width of Rib 2in. Depends on Nr
Building info: Steel Concrete Deck
Beam Length 32 ft. Weight 145 pcf Depth hr 3 in.
Beam Spacing 8 ft. Thickness t 7.5 inches |Conc. thickness tc 4.5 in.
Fy 36 ksi f'c 3000 psi Stud Dia. 3/4 in.
E'c 3122 ksi Stud Height 4.5 in.
B4 0.85 Deck Orientation Perpendicular
Uniform Load Deflection Criteria
Dead Load 115]psf Dead Load _ [L/240 1.6[in.
Live Load 75|psf Live Load |L/360 1.1]in.
Roof Live Load 0|psf
Snow Load 0|psf
| Uniform Load W/ Combo |
|w(D+L+Lr or 5) [ 190| psf
Max Moment: kips-in
M(max Dead) 1413.12
M(Dead overwrite) 0]<--- input max Dead if you have uniform load only
M(Dead use) 1413.12
M(max uniform) 2334.72
M(max ovewrite) 0]<--- input max Uniform if you have uniform load only
M(max use) 2334.72
Max Shear kips
V(max Dead) 14.72
V(max uniform) 24.32
V(max ovewrite) 0]<--- input max Uniform if you have uniform load only
V(max use) 24.32
Solution
Summary:
W 18x40 |<--—- Change W shapes Partial Composite:
ASD Result: DCR
Concrete Stress 0.147 Result illustration:
Steel Stress 0.889 Beam Stud Camber
Dead Load A 0.770 1.2315(in. W 18x40 34 0.750
Live Load A 0.228 0.2434(in.
Shoring? Need Shoreing <----Check this o
# of studs 17|at each side of max moment 24.32
Camber= 0.750(in. Reaction |
Overall GOOD

24.32
Reaction

Page 9 of 57
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[n=E/Ec 9

1. Effective Width :

L/4 96 in.

s 96 in.
16t+bf 126.0 |in.
Govern bgg: 96.0 in.

2. Required Section Moduli

ot

Ye

M(D+L+S), S, 98.3 in.A3
M(D only),Ss 59.5 in.A3
3. Composite design section properties
a. Moment of Inertia
AcL 432
Ac// 579.054
Ac=b(tc) 432 in.A2
A'c=Ac/n 48.00 |[in.A2
Ys=d/2 8.95 |in.
Yc=d+hr+tc/2 23.15 |[in.
Section: A Y AY d Ad”2 ly
W 18x40 11.8 8.95 105.6 11.40 1533.0 612.0
Concrete 48 23.15 1111 2.80 376.9 81.0
Sum 59.8 1216.8 1909.8 693.0
ly= 2602.85 in.A4
Yb= 20.35 [in.
b. Section Moduli
Partial Composite
Str= [ 127.92 in.A3 Seff= [ 1105 |[in.A3
St= | 51521 Jin.A3 lef= [ 2019.7 |in."4
4. Check Stress
a. Concrete
fc=M/n*St 0.1988 ksi < 1.35 oK
b. Steel
Total Load, Str= 110.5 ksi > 98.26262626 oK
Deadl Load,Ss= 68.4 ksi > 59.47 OK
Web shear,Fv= 4.300 ksi < 20 OK
5. Check Deflection
Ae Swir4  ML"2
T 384xEl 19201
AD= 1.231477 in.< 1.6 oK
AL= 0.243358 in.< 1.1 OK
6. Check if shore is required
Str max= 107.95 in.A3> 127.92 Need Shoreing
7. Shear Connection, Stud
a. Max Stud dia 1.31 in.> 0.75 oK
b. Hozizontal shear
Vh=0.85*f'c*Ac/2 550.8 kips Concrete
Vh=As*Fy/2 212.4 kips Steel <----- Govern
Reduction Factor
085 wr Hs wr Hs Stud Shear F'c(From AICS V7 Table 1.11.4) (ksi)
e () G2 1) or 06 (7)* G- =1 Connector 3000 3500 4000
(Nm) d d 05 5.1 55 5.9
Rfl= 0.567 0.625 8 8.6 9.2
Rf//= 1.000 0.75 11.5 12.5 13.3
RF use= 0.567 0.875 15.6 16.8 18
q per stud= 11.5000
q*Rf= 6.517
Number of Studs= 17 At each side of where max moment is

Page 10 of 57
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N\ FIRST FLOOR FRAMING PLAN

Example Calc (C2)

W 1/8" = 10"
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ Project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [C2 at FDN | Shape  [W14x283 |
| Properties Geometry Elastic Properties
A 83.3 in.A2 X-X Y-Y
d 16.74  |in. 1, 3840 [in.”4 1, 1440 [in.~4
by 16.11  |in. S, 459 |in.A3 S, 179 |in.A3
tr 2.07 in. ry 6.79 |in r, 417 |in
ty 1.29 in. Plastic Modulus
W(weight) 283 #/ft. Z, | 542 Jinn3 z, 274 |in.3
rr 4.46
d/A ¢ 0.5 Torsional Constant
J [ 104 |inna Y
jtr k1 1k
Compact Section Criteira Warping Consant e
bs/2t; 3.9 C, [ - in."6 I_ -
F, - ksi
d/tw 13 Material Property
F,” - ksi E 29000 |ksi X—H—X T
F,” - ksi Fy 36 |ksi fw
1
Y e
bf

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 19.25|ft. Dead Load (D)= 115(psf ex = 2|in
Beam Spacing (w) = offt. Live Load(L)= 240(psf ey= 1lin
Tributary Area to Col= 977|ft.A2 Roof Live Load(Lr)= 40| psf
K= 1 Snow Load(S)= 29.7psf
Unbraced Length = 19.75|ft.
Deflection Criteria
Total Load 1/360=| 0.64[in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 1543.6 kips-in MD(Max Dead)= 64.3 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 1543.6 kips-in MD(Max Use)= 64.3 kips-in
ML(Max Live)= 469 kips-in ML(Max Live)= 19.5 kips-in
ML(Live Overwrite)= 0 kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 469 kips-in ML(Max Use)= 19.5 kips-in
M(Lr or S)(Max Live)= 78.2 kips-in M(Lr or S)(Max Live)= 3.3 kips-in
M(Lr or S)(Live Overwrite)= 0 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 78.2 kips-in M(Lr or S)(Max Use)= 3.3 kips-in
Mu=| 2090.8|kips-in Mu=| 87.1 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 0 kips PD(Max Dead)=  112.355 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 771.8 kips
VMD(Max Use)= 0 kips PD(Max Use)= 771.8 kips
VL(Max Live)= 0 kips PL(Max Live)= 234.48 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 0 kips PL(Max Use)= 234.48 kips
V(Lr or S)(Max Live)= 0 kips P(Lr or S)(Max Live)= 39.08 kips
V(Lr or S)(Live Overwrite)= 0 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 0 kips P(Lr or S)(Max Use)= 39.08 kips
Vu=| Olkips P(E or W)= 0 kips
Pu=| 1045436|kips
Solution Summary:
Try LW 14x283 |<---- Change W shapes

Major Axis Beam Bending 18%

Beam Shear 0%

I Minor Axis Beam Bending 2%
Axial 70%

Deflection 0%

Combined Bending and Axial|  93%

Overall Check 93%
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 19.25 ft
K= 1
KL= 19.25 ft
KL/r= 55.4
C, = \/ZnZE/Fy = 126
)
[1-~T5F
ifﬂ < C, thenF, = - 2c* 7Y Section 1.5.1.3.1
-
E 3 (T) — (&)3 /8C3
8 8C, r ¢
KL 12n2E
if 2 Ccthen Fy = Xz Section 1.5.1.3.2
3(3)
Calculate Stresses in Column
| Axial Stress: fa:| Pu/A=|12.5 |ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

4ZA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly 861eyd jo aaly d|qe|ieAe s| uopealignd siy |

Unbraced lenth (Lb)=

19.75 ft

Checks for Typical Major Bending Stress Equation

Non-Composite Minor Axis Beam Design AISC Seventh Edition

Equation From Appendix A Variable Value Limit Value
by /2ty <55.2/ /Fy 3.9 8.7 Good
fa
d/t, <412(1-2.33 E)/ E, 13 13.1 Good
lp/< 76bs/ ,Fy 237 204.1 No Good, Use Alternate EQN
/< 20,000 237 1106.7 Good
S— X 00
77 (d/A)F,
Use Alternate Equation
Checks for Alternate Major Bending Stress Equation
Equation From Appendix A Variable Value Limit Value
55,2/\5 < by/2t; 39 8.7 Good
bs /2ty < 95.0/ |F, 39 15.8 Good
Use Alternate Bending Stress Equation
[Typical Bending Stress Equation: F,p, = 0.66F, | Fbx:ksi
b Fbx=|25. ksi
AlternateBending Stress Equation: Fpx = Fy[0,733 — ()_0014.(—f) /?y X st
Le A
[shear Stress Equation: F, = 0.40F, | Fv:ksi

|Minor Axis Bending Equation:

Foy = 0.75F, |
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Calculate Stresses in Beam

Major Bending Stress: fbx= Mux/Sx= 4.6 ksi Okay
Shear Stress: fv= Vu/(tw*d)= 0 ksi Okay
Minor Bending Stress: fby= Muy/Sy= 0.5 ksi Okay
Calculate Deflections
7
Camber: c=.2.38 Swql = 0 in.
384E]
Total Deflection: Ar= SwL? C= 0 in Oka
i TT384El i Y
Check Combined Stressed
f_a + fbx + fby _
Formula 1.6-1a: E f. fa - 0.93 Less than 1.0, Okay
¢ A=) A=F)Fy
F £x F ey
fo | Jox  Jor _
Formula 1.6-1b: 0.6F, ' Fyy Fby - 0.78 Less than 1.0, Okay
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Structural Solutions

AISC Eighth Edition Column Base Plate Design

Project ID: 19051
Project Name: ATC
Engineer: JAD
Date: 5/13/2020

| Column Name: |CZ |

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

| All Equations can be found on Page 3-99 of AISC 8th edition

Column=|W 14x283 |

Column Properties Material Properties
b 16.11 |in Footing f'c= 3 |ksi
d 16.74 |in Fy(Plate)= 36 | ksi
Ultimate Axial Load = 1182 | kips
Required Base Plate Area = A -l 1050.7 in"2
equirex ase Flate Area = pl 0.375)(,6 . mn
Base Plate Design
B= 22|in.
N= 22 |in.
Actual Bearing Pressure = Fa = 2.4 ksi
g LTy )
Plate Thickness |
- %-95‘1 - 3.0485 in
B —0.8b
n=2_"22_ 4.556 in
2
fo fo
= < = L in.
™ [025F, =" [025F, 235 "
b o .
P = Total column load, kips
m A = B X N = Area of plate,
1 square inches
1 I Fy = Allowable bending stress in
: | 1.95d |N base plate, ksi
1 ! F, = Allowable bearing pressure
- T on support, ksi
[ fs = Actual bearing pressure
f'c = Compressive strength of
n .80b n - .
. concrete, ksi or psi
B t = Thickness of plate, inches
3 >
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LATERAL DESIGN
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Beam: M60

Shape: W36x230_ASDS8th -009 at 0 ft .

Material: A36 Gr.36 Dy in

Length: 32 ft

| Joint: N2 Dz in
J Joint:  N10

Envelope

Code Check: 0.607 (LC 2)

Report Based On 97 Sections -13at10.333 1t

o

o

- 31.729 at O ft
2.
B -7.932 at 0 ft vy — K
- A e & | v K
= -19.653 at 0 ft
»)
4 -87.62 at 24 ft
5.
o
o 985.864 at 32 ft
o)
(D
o3
o T Kt | 1 kst | MY k-ft
5
(D
g -712.046 at 0 ft
-
©
4 14.157 at 32 ft
5
0.
b -117 at O ft
= fa ksi |f(y) ksi | f(z) ksi
P -.291 at O ft
o)
)
-~ -14.157 at 32 ft
=
0
.8
Py AISC 9th: ASD Code Check
.B Max Bending Check 0.607 (LC Rjax Shear Check 0.223 (y) (LC 2Max Defl Ratio L/3481
«© Location 32 ft Location 24 ft Location 9.667 ft
4.:‘ Equation H2-1 Span 1
(0]
<
o
Compact y-y 7.7
Fy 36 ksi Cm .6 .85
Fa 20.233 ksi Lb 8 ft 8 ft
Ft 21.6 ksi KL/r 25.744 6.445
Fby 27 ksi Sway No No
Fbz 23.76 ksi L Comp Flange 8 ft
Fvy 14.4 ksi
Fvz 14.4 ksi
Cb 2.3
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [MF 1st Floor Beam | Shape  [W36x230 |
| Properties Geometry Elastic Properties
A 67.6 in.A2 X-X Y-Y
d 35.9 in. 1, 15000 |in.~4 1, 940 |in.n4
b, 16.47  |in. S, 837 |in.A3 S, 114 |in.n3
t 1.26 in. ry 14.9 |in r, 3.73 |in
ty 0.76 in. Plastic Modulus
W(weight) 230 #/ft. Z, [ 943 [inn3 z, 176 |in."3
rr 4.3
d/A ¢ 1.73 Torsional Constant
J | 286 |inna Y
‘ 1 k1 1k
Compact Section Criteira Warping Consant = =
bs/2t; 6.5 C, [ - in."6 I -
F, - ksi
d/tw 47.2 Material Property
F,~ - ksi E 29000 |ksi X—H—X T
F," 29.6 ksi Fy 36 |ksi tw
1
Y e
bf

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 32|ft. Dead Load (D)= 0|psf ex = 0fin
Beam Spacing (w) = offt. Live Load(L)= 0|psf ey= 0fin
Tributary Area to Col= 0fft.A2 Roof Live Load(Lr)= 0|psf
K= 1 Snow Load(S)= 0|psf
Unbraced Length = 32|ft.
Deflection Criteria
Total Load 1/360=| 1.07]in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 0 kips-in MD(Max Dead)= 0 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 0 kips-in MD(Max Use)= 0 kips-in
ML(Max Live)= 0 kips-in ML(Max Live)= 0 kips-in
ML(Live Overwrite)= kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 0 kips-in ML(Max Use)= 0 kips-in
M(Lr or S)(Max Live)= 0 kips-in M(Lr or S)(Max Live)= 0 kips-in
M(Lr or S)(Live Overwrite)= 11830 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 11830 kips-in M(Lr or S)(Max Use)= 0 kips-in
Mu=| 11830|kips-in Mu=| 0 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 0 kips PD(Max Dead)= 0 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 0 kips
VMD(Max Use)= 0 kips PD(Max Use)= 0 kips
VL(Max Live)= 0 kips PL(Max Live)= 0 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 0 kips PL(Max Use)= 0 kips
V(Lr or S)(Max Live)= 0 kips P(Lr or S)(Max Live)= 0 kips
V(Lr or S)(Live Overwrite)= 88 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 88 kips P(Lr or S)(Max Use)= 0 kips
Vu=| 88|kips P(E or W)= 19 kips
Pu:I 19|kips
Solution Summary:
Try LW 36x230 |<---- Change W shapes
Major Axis Beam Bending|  58%
Beam Shear| 22%
I Minor Axis Beam Bending 0%
Axial 2%
Deflection 0%
Combined Bending and Axial|  60%
Overall Check 60%
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 32 ft
K= 1
KL= 32 ft
KL/r= 102.9
C. = \/ZnZE/Fy = 126
)
1-~C2F
KL [ 2C 2 17y .
lf? < C, thenF, = (I(L) c Section 1.5.1.3.1
5 30F) (kL .
g+ s~ (7) /8¢
. KL > C then F 12n%E
>t = = .
if ¢ then Fy ; (ﬂ)z Section 1.5.1.3.2
T

ra [ T28]isi

Calculate Stresses in Column

| Axial Stress: fa:|

Pu/A=[0.3 | ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

4ZA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly 861eyd jo aaly d|qe|ieAe s| uopealignd siy |

Unbraced lenth (Lb)=

32 ft

Checks for Typical Major Bending Stress Equation

Equation From Appendix A Variable Value Limit Value
b /2ty < 55.2/ /Fy 6.5 8.7 Good
Jai, |
d/t, <412(1-2.33 E)/ E, 47.2 67.3 Good
lp/< 76bs/ ,Fy 384 208.6 No Good, Use Alternate EQN
/< 20,000 384 321.1 No Good, Use Alt te EQN
S— . 0 Good, Use Alternate
77 (d/A)F,
Use Alternate Equation
Checks for Alternate Major Bending Stress Equation
Equation From Appendix A Variable Value Limit Value
55.2/ ﬁ < by/2t; 6.5 8.7 Good
A
bf/th <95.0/ E, 6.5 15.8 Good

|Typica| Bending Stress Equation:

Fep = 0.66F, ]

AlternateBending Stress Equation:

b
Fyx = F,[0.733 — 0.0014(t—f) /?y
£

[shear Stress Equation:

F, = 0.40F, ]

Non-Composite Minor Axis Beam Design AISC Seventh Edition

|Minor Axis Bending Equation:

Foy = 0.75F, |

Use Alternate Bending Stress Equation

Fbx=|N/A ksi

Fox=[24.4 ___ |ksi
144 |
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Calculate Stresses in Beam

Major Bending Stress: fbx= Mux/Sx= 14.1 ksi Okay
Shear Stress: fv= Vu/(tw*d)= 3.2 ksi Okay
Minor Bending Stress: fby= Muy/Sy= 0 ksi Okay
Calculate Deflections
7
Camber: c=.2.38 Swql = 0 in
384E]
Total Deflection: Ar= SwL? C= 0 in Oka
i TT384El Y
Check Combined Stressed
f_a + fbx + fby _
Formula 1.6-1a: E f. fa - 0.6 Less than 1.0, Okay
¢ A=) A=F)Fy
F £x F ey
fo | Jox  Jor _
Formula 1.6-1b: 0.6F, ' Fyy Fby - 0.59 Less than 1.0, Okay
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0 ft

H1-2

AISC 9th: ASD Code Check
Max Bending Check 0.705 (LC 2)

Max Shear Check

Location
Max Defl Ratio

0.141 (y) (LC 2)
0 ft
L/314

Column: M1

Shape: W14x342_ASD8th 013 at 13.578 ft _

Material: A36 Gr.36 Dy in

Length: 19.75 ft

| Joint: N1 Dz in

J Joint: N2

Envelope

Code Check: 0.705 (LC 2)

Report Based On 97 Sections ~754at19.75 ft

- 297.543 at 0 ft

o

= 54.879 at 0 ft

=2

3 -4.421 at 0 ft

A

0 115.572 at 0 ft

5.

=5

a 655.325 at O ft

)

(D

O

> T kft| mz k-t | MY k-ft

s

(D

g -428.529 at 19.75 ft

>

T

q 14.075 at O ft

3

5 2.946 at O ft

B fy — i | T(Y) ksi | f(2) ksi

-]

> 1.144 at O ft

o

-~ -14.075 at O ft

=

n

%)

O

.

~

Ig Location

IN Equation

oo

<

N

v Compact
Fy 36 ksi
Fa 17.809 ksi
Ft 21.6 ksi
Fby 27 ksi
Fbz 21.6 ksi
Fvy 14.4 ksi
Fvz 14.4 ksi
Cb 23

y-y
Cm .6
Lb 19.75 ft
KL/r 55.985
Sway No

L Comp Flange

z-Z
.338
19.75 ft
34.026
No

19.75 ft
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ Project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [MF 1st Floor Column | Shape  [W14x398 |
| Properties Geometry Elastic Properties
A 117 in.A2 X-X Y-Y
d 18.29 in. Iy 6000 [in."4 Iy 2170 |in.~4
by 16.59 in. Sy 656 in."3 S, 262 in."3
ty 2.845 in. ry 7.16 |in ry 4.31 in
tw 1.77 in. Plastic Modulus
W(weight) 398 #/ft. Z, [ 801 [inn3 z, 402 [in.A3
rr 4.61
d/A ¢ 0.39 Torsional Constant
J [ 273 inna Y
‘ 1 k1 1k
Compact Section Criteira Warping Consant e
bs/2t; 2.9 C, [ - in."6 I_ -
F, - ksi
d/tw 10.3 Material Property
F,” - ksi E 29000 |ksi X—H—X T
F,” - ksi Fy 36 |ksi fw
1
Y 3
by

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 19.75|ft. Dead Load (D)= 0|psf ex = 0fin
Beam Spacing (w) = offt. Live Load(L)= 0|psf ey= 0fin
Tributary Area to Col= 0fft.A2 Roof Live Load(Lr)= 0|psf
K= 1 Snow Load(S)= 0|psf
Unbraced Length = 19.75|ft.
Deflection Criteria
Total Load 1/360=| 0.66in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 0 kips-in MD(Max Dead)= 0 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 0 kips-in MD(Max Use)= 0 kips-in
ML(Max Live)= 0 kips-in ML(Max Live)= 0 kips-in
ML(Live Overwrite)= kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 0 kips-in ML(Max Use)= 0 kips-in
M(Lr or S)(Max Live)= 0 kips-in M(Lr or S)(Max Live)= 0 kips-in
M(Lr or S)(Live Overwrite)= 13320 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 13320 kips-in M(Lr or S)(Max Use)= 0 kips-in
Mu=| 13320|kips-in Mu=| 0 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 0 kips PD(Max Dead)= 0 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 0 kips
VMD(Max Use)= 0 kips PD(Max Use)= 0 kips
VL(Max Live)= 0 kips PL(Max Live)= 0 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 0 kips PL(Max Use)= 0 kips
V(Lr or S)(Max Live)= 0 kips P(Lr or S)(Max Live)= 0 kips
V(Lr or S)(Live Overwrite)= 75 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 75 kips P(Lr or S)(Max Use)= 0 kips
Vu=| 75|kips P(E or W)= 606 kips
Pu:I 606|kips
Solution Summary:
Try LW 14x398 |<---- Change W shapes

Major Axis Beam Bending 60%

Beam Shear| 16%

I Minor Axis Beam Bending 0%
Axial 29%

Deflection 0%

Combined Bending and Axial| 91%

Overall Check 91%
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 19.75 ft
K= 1
KL= 19.75 ft
KL/r= 55
C, = \/ZnZE/Fy = 126
)
[1-~T5F
ifﬂ < C, thenF, = - 2c* 7Y Section 1.5.1.3.1
-
E 3 (T) — (&)3 /8C3
8 8C, r ¢
KL 12n2E
if 2 Ccthen Fy = Xz Section 1.5.1.3.2
3(3)
Calculate Stresses in Column
| Axial Stress: fa:| Pu/A=|5.2 |ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

4ZA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly 861eyd jo aaly d|qe|ieAe s| uopealignd siy |

Unbraced lenth (Lb)=

19.75 ft

Checks for Typical Major Bending Stress Equation

Non-Composite Minor Axis Beam Design AISC Seventh Edition

Equation From Appendix A Variable Value Limit Value
by /2ty <55.2/ /Fy 2.9 8.7 Good
fa
d/t, <412(1-2.33 E)/ E, 10.3 45.6 Good
lp/< 76bs/ ,Fy 237 210.1 No Good, Use Alternate EQN
/< 20,000 237 1433.6 Good
S— X 00
77 (d/A)F,
Use Alternate Equation
Checks for Alternate Major Bending Stress Equation
Equation From Appendix A Variable Value Limit Value
55.2/ ﬁ < by/2t; 2.9 8.7 Good
A
bs /2ty < 95.0/ |F, 2.9 15.8 Good
Use Alternate Bending Stress Equation
[Typical Bending Stress Equation: F,p, = 0.66F, | Fbx:ksi
b Fbx=|25. ksi
AlternateBending Stress Equation: Fpx = Fy[0,733 — ()_0014.(—f) /?y X st
Le A
[shear Stress Equation: F, = 0.40F, | Fv:ksi

|Minor Axis Bending Equation:

Foy = 0.75F, |
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YL
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Calculate Stresses in Beam

Major Bending Stress: fbx= Mux/Sx= 15.26 ksi Okay
Shear Stress: fv= Vu/(tw*d)= 2.3 ksi Okay
Minor Bending Stress: fby= Muy/Sy= 0 ksi Okay
Calculate Deflections
7
Camber: c=.2.38 Swql = 0 in.
384E]
Total Deflection: Ar= SwL? C= 0 in Oka
i TT384El i Y
Check Combined Stressed
f_a + fbx + fby _
Formula 1.6-1a: E f. fa - 0.91 Less than 1.0, Okay
¢ A=) A=F)Fy
F £x F ey
fo | Jox  Jor _
Formula 1.6-1b: 0.6F, ' Fyy Fby - 0.84 Less than 1.0, Okay
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-2 PCS

Structural Solutions

Seated Angle MomentFrame
Connection Check under AISC 8ed

Project Name:
Project ID

ATC-NIST Study
19051
HL
7/7/2020

MF: W36 BM

Tension Stiffener

0K, Stiffener Not Required

COLUMN

<--- Check Calculation below for detail if stiffener is needed

Input : Please input or verify the data in yellow box
Beam Size= W 36x170
Column Size= W 14x342
Seat Angle Size= L 8x8x1
Seat Angle Length (in) 16
Bolt Dia.(in)= 11/4
Angle to column bolt 4
number
Angle to BM flange bolt 6
= number
> Bolt fy (ksi) 36
"
©
c| Beam db 36.17 |in. Sx 580 in.A3
= tw 068 |in. Ix 10500 in.A4
o . .
& bf 12.03 l'n. tf 1.1 m..
=5 Zx 668 |in.A3 Fyb 36 ksi
o
=}
U)I Column dc 17.54 |in. bf 16.36 in.
tf 247 |in.
2 tw 1.54 lin.
L k 3.125 |in. Fyc 36 ksi
QO
% Angle tf 225 |in. Bolt Type A490X
o b 3 in.
a a 3 in.
D Check if a<1.25b OK Fya 36 ksi
o
=
O
Stiffener tst= 0.75 |in
2 ,If Required dst= 6.180 |in. | Fy= 36 |ksi
< I= 827 |inn4 [Weld size D 3 /16
=
o |m (Service)(kip-ft) | 1020 |kip-ft
S Reaction(Service)(kips) | 82 |kips
=0
n
©
(2]
i
o
o
5
=
«Q
Iy ASD Result summary DCR
= Beam Bending 67%
g Beam Beam Web checked? Yes, Checked <---Additionall check requirfed to detlermine beam web shear capacity. Use
N spreadsheet 'shearconnection 1980
@ Angle Angle to beam 86%
& Angle to column 96%
n Fastner 96%
2 PryOut .
— Angle bending [o]'4
G <---Additi i i i i
---Additional check required to determine column bending capacity. Use
Col hecked?
% Column olumn checke es, Gieded spreadsheet 'HSS Column_ 1980 or W-Shape Column 1980'
N Web shear check 93%
]
1 - - . -
o . Compression Stiffener 0K, Stiffener Not Required
| stiffener
1
N
(o]
<
N
oy}

é| ANGLE
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Check items Code Ref. AISC 8ed Result
a. Capacity in bending on beam:
fo= M_ 15.83 ksi oK
N
Fy = 0.66F,= 23.76 ksi 1.5.1.4.1
b. Beam Web connection
Note: beam web connection should be calculation prior to Moment frame
detail calculation using spreadsheet "ShearConnection1980"
c. Flange Connection
M
T=C=—= 253.80 kips
d
1. Angle to beam flange:
Single shear per bolt: 49.1  kips
Total Shear= 294.6  kips OK
2. Angle to column
Tension per bolt: 66.3  kips
Total Tension: 265.2  kips OK
d. Compute pry out force Q
T'@Each Bolt=T/Bolt #= 63.5 Kips OK
p= 4.00 inches Trib Width Per Bolt
b'= 2.38 inches b-d/2
a's 35/8 inches a+d/2
a'+h'= 6.00 inches
d'= 1.31  inches Bolt Hole Size
. 0.671875 Ratio of net area and the gross area
§=1-(d'+p)= : -Eq (1) of 4-89
) Allowable bending moment
M =pxtf*xF/8= 91.125 Kips-in tributary to tee stub flange -
Eq (2) of 4-89
' Eq (3) of 4-89
a= (%7 1)/6 = 0.972969 <1
§*a b’ Load per bolt including prying
B =T|14+————F7F——|— 79.88  Kips
¢ [ (1+d8*a) (a’)] P action, Kips -Eq(4) of 4-89
Req'd tf=
[ 8+xBcxa xb' /2 ) Required thickness of tee-stub
te = 2.25 in
f flange -Eq(5) of 4-89 OK

lp *Fy*[a' 4+ Sa(a’ +b")]

92A8Y-/1.6-LZ° 409" | SIN/RZ09°0L/BJo"10p//:sdny :woui 86Jeyd jo 88.) 8jge|ieAe si uoneolignd siy |
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Check items

Code Ref. AISC 8ed

Result

Column:

1. Column check

Note: Column calculation prior to Moment frame detail calculation using
spreadsheet "Column Design"

2. Column web shear

_ 32M
(Ape* y)
Where
Ape = dyy * d, 634.42 in.A2

tw

MIN. t,= 1.429 in.
COL. t,= 1.540 in.

1.5.1.2 Commentary

oK

3.Web crippling check, stiffener needed?

Horizontal Force at stiffeners=

4 M X 12
Py = 3* 424.7788 Kips

d+%*(tA+tB)

tA=tB  2.2500 inches

Age = [Poy — Fyct(ty + 5K)] + Fyor= -15.7281 in~2

At Compression Flange

4100 * tw3 = [F
d > vy

. By 211.51
At Tension Flange
Pyr
tp <04x == 1.374
ye

Formula 1.15-1

1.15-2

1.15-3

0K, Stiffener Not Req

0K, Stiffener Not Req

4. If Stiffener is need,

w(Stiffener Width)=b/3-(t/2)=  3.240 in, min

w(use)= 4 in
ts>th/2= 1.125 in
Area Furnished,Ast= 6 in

Width To Thickness Ratio= 5.333333 < 95/,/F, =

15.83333
Stiffener Length= 8 in
Min Length= 6.3 in
Min Weld Length=
Py — E, t(ty + 5k)
Py B SOl

0.928D X 1.65

Stiffener not thick end

Stiffener Area OK

Stiffener Ratio OK

Stiffener Length OK

Check Weld Here

g2A8%-/16-12°909" LSIN/8Z09°0L /610" 10p//:sdny :wou) 861eyo 10 88.) 8jgejieAe si uonesignd siy |
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Project: A c P4 v Job No: __19-21
.: Subject: MF__ Cahn. Sheet Name: __SAD
Structural Solutions Originating Office: [ | Seattle [ Tacoma [ | Portland Date: §-1q-10

/VIF Pos-  cann

Mu= 1o w -t
Tw= &0 w

Tk Ttha"h o~  Stvel

A
VT f‘c,
T Mg 4 Tm 0wt O/ + 90, < Tomn
Vr\ /50”"3 1S 6w (‘V R AT Heatel stvo
T/ = P60 w ¢ -
Vn 1S 6w b =

Hot Gon Rego =

7 - wu WO ok

Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746

o~ O Rows of 4T Bely

WWW.PCS- structural.com
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BRACED FRAME DESIGN

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.21-917-48v2B

Page 39 of 57



Ex4d

st 120840 P

(- \BRACED FRA% ELEVATION

- L - ROOF
—% G

Tmm

- LeveLs 4
851

SIM. - TYP.
@GRID6

- LEVELs )
=

306"
2075 200"
>0
i  eoor wimsas
C o T 1
E L e g H
85-1"
I |
' T3\ sm-Tve. \ ]
@GRIDO
B
g C Eooa]
=
! ! _ LEVEL3 CD
| a7
& TYP. @
Q § e
0 \% & FRAME
< & H /e e N
¢ 2 e Ml BESEEANG e
W1 \<48>_ % 18x55 <48>._ _ LEVEL 2
— Becas e —82 6
sm ,Wp B ! )
NS —
eore: gy G =
3
7
., O .
% Wize0 0> =
4 0 £
K,
ample Calc P/
@ |7 o)
, O
l_‘ _l @) !
= 256
7=
~
—

(= \BRACED FRAME ELEVATION

ATz

g2N8Y-L16-12°d0O LSIN/8

5600 18 =107

p

CONSULTANTS

National Institute of
Standards and Technology

Applied Technology Council

Structural Solutions

UZUN
+CASE

PROJECT
HEALTHCARE
FACILITY

€ SLATD, NEW YORK

PGS STRUGTLRAL SOLUTIONS

DESGNA

1097 WITH EGUIALENT RISK CATEGORY

DESIGN DRAWINGS

15DECENBER, 2020

Ghected e
e
—_—

BRACED FRAME
ELEVATIONS

‘SHEET NUMBER

S$6.00

Page 40 of 57



M21 M43
N8 16 N24 30 N38
v %. < S Z N
5 ¥ NEREE= IR S
M20 M44
7 N15 23 N29 N37
— 2, % % Ny
> © B S o 5 & b
s = N S s % ) b
©
5
g
i) NG 14 N22 28 N36
=
=)
» © %. o > 2. o
2 2 & & b= éo & 3
L
)
% M18 M46
= 5 N13 21 N27 N35
o
o
o 2, A % \g
—h A 5 3 hi Oy ) D
o = 3 S s % S 2
>0
)
]
o)
é" N4 12 N20 26 N34
3
= N %Z. o > 2, ©
E 2 9 > 5 9 ® 2
?
=
~~
o)
o
= M16 M48
Q 3 N11 19 N25 N33
«Q
=
o
o
o ~ Z S % oy, ~
) =] O
o = o S = N4 S 2
~~
Z
@
®
% N32
~ Example Calcs —<
—
© \
—
N
o s
<
N
w
N17 'N31
SK-1

Feb 3, 2021 at 2:03 PM

20' BF Brace Design 1-20-21.r3d

Page 41 of 57




HBrace: M34
Shape: STS10x10x0.375_ASD&th

Material: A36 Gr.36 Dy in
Length: 22.137 ft
| Joint: N1 Dz in
J Joint:  N10
Envelope
Code Check: 0.905 (LC 2) )
Report Based On 97 Sections 341 at 22137 ft
g 37.529 at 0 ft
2
B
% Vy k | Vz k
=8
=
»)
0 -275.747 at 0 ft
5.
=2
(D
5
(D
o3
2T k-ft | Mz k-ft | My k-ft
)
]
(D
5
=
D
5]
q 2.662 at 0 ft
oN
= ksi
e}
& f(y) ksi | f(z) ksi
-]
o)
-]
N
-~ -19.557 at O ft
Z
o
®
O
Y
m
IS Location 0 ft
N Equation H2-1
&
<
N
v Compact
Fy 36 ksi
Fa 16.617 ksi
Ft 21.6 ksi
Fby 23.76 ksi
Fbz 23.76 ksi
Fvy 14.4 ksi
Fvz 14.4 ksi
Cb 1.75

AISC 9th: ASD Code Check
Max Bending Check 0.905 (LC 2)

Cm
Lb
KL/r
Sway

L Comp Flange

Max Shear Check 0.000 (z) (LC 2)
0 ft

Location
Max Defl Ratio L/10000
y-y z-Z
.6 .6
22137 ft 22137 ft
66.76 68.188
No No

22.137 ft
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Project ID: 19051
. L. Project Name: ATC
AISC Eighth Edition HSS Brace Member Only Engineer: JAD
Structural Solutions Date: 5/13/2020
[ "Member#=]BF 1 st Floor Brace | ST S 10x10x0.375
| Properties Geometry Elastic Properties
A 14.1 in.A2 X-X Y-Y
d 10 in. 1, 214 in.A\4 1, 214 in.A\4
b 10 in. Sy 42.9 in.A3 S, 42.9 in.A3
t 0.375 in. ry 3.9 in. ry 3.9 in
W(weight) 47.9 #/ft.
Compact Section Criteira Y
b/t 26.66666667
h/t 26.66666667 | ] |
- X
Material Property |
E 29000 ksi
Fy 46 ksi _-q___-‘
Y

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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|Brace Design AISC Eighth Edition

ger8t-216-12° 409 1SIN/8Z09 01 /610°10p//:sdny :wolj abieyo jo aaly s|qejiee si uoneodlignd siyL

Building info:

Steel Properties Loading Excentricity on Column
Column Height = 22.14(ft Dead Load (D)= 80(psf ex = 0fin
Tributary Area to Col= 0[ftr2 Live Load(L)= 60|psf ey= 0fin
K factor = 1 Roof Live Load(Lr)= 0|psf
Snow Load(S)= 25|psf
Max Moment About Major Axis: | Max Moment About Minor Axis:
MD(Max Dead)= 0 kips-in MD(Max Dead)= 0 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 0 kips-in MD(Max Use)= 0 kips-in
ML(Max Live)= 0 kips-in ML(Max Live)= 0 kips-in
ML(Live Overwrite)= 0 kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 0 kips-in ML(Max Use)= 0 kips-in
M(Lr or S)(Max Live)= 0 kips-in M(Lr or S)(Max Live)= 0 kips-in
M(Lr or S)(Live Overwrite)= 0 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 0 kips-in M(Lr or S)(Max Use)= 0 kips-in
Mu=] 0]kips-in Mu=| 0 [kips-in

Max Axial Load |
PD(Max Dead)= 0 kips
PD(Dead Overwrite)= 0 kips
PD(Max Use)= 0 kips
PL(Max Live)= 0 kips
PL(Live Overwrite)= 0 kips
PL(Max Use)= 0 kips
P(Lr or S)(Max Live)= 0 kips
P(Lr or S)(Live Overwrite)= 0 kips
P(Lr or S)(Max Use)= 0 kips
P(E or W)= 348 kips

Solution Summary:

Pu=| 348|kips

Try STS 10x10x0.375 | Change Tube shapes
Major Axis Beam Bending 0%
Memb Minor Axis Beam Bending 0%
ember Axial|  93%
Combined Bending and Axial 93%
Overall Check 93%
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Brace Design AISC Eighth Edition

Column Height=
K=

KL=

KL/r=

22.14 ft
1

22.14 ft
68.1

Column in Compression

C. = \/anE/Fy =

111

. KL
lfTS C.thenF, =

()

Section 1.5.1.3.1

5 KL\ . 5
8t 8c, ~ () /8¢
i KL > C. then F 12m2E
if —= enFy=——— i
r c a 23 (&)2 Section 1.5.1.3.2
r
Column in Tension
Fa = 0.6F, section 1.5.1.1
| Fa =| 26.6|ksi Note if Seismic/Wind loads occurs, 1/3 allowable stress will be used
Calculate Stresses in Column
| Axial Stress: fa:|Pu/A |24.7 |ksi Column Okay

Non-Composite Major Axis Beam Design AISC Eighth Editior.

Note: All Equations in this section can be found in the AISC Eighth Edition Appendix A

4zA8Y-216-1.2° 409" LSIN/8209 01 /610°10p//:8d)Yy :woly 8b1eyd jo aal) d|ge|ieAe s| uopealignd siy |

Checks for Typical Major Bending Stress Equation
Equation Variable Value Limit Value
b/t < 238/ ,Fy 26.66666667 35.1 Good
Major Axis Bending Equation: Fpy = 0.6F, | Fbx:|36.708 ksi
Non-Composite Minor Axis Beam Design AISC Eighth Editior
|Minor Axis Bending Equation: F,, = 0.6F, | Fby :ksi
Calculate Stresses in Beam
Major Bending Stress: fbx=|Mux/Sx= 0 ksi Column Okay
Minor Bending Stress: fby=|Muy/Sy= 0 ksi Column Okay
Check Combined Stressed
f_a fbx fby _
Formula 1.6-1a: F. J7 - 0.93 Less than 1.0, Column Okay
“ AR, a-FOm,
ex ey
Ja_ | Jox | oy _
Formula 1.6-1b: 0.6F, ' Fyy Fyy - 0.89 Less than 1.0, Column Okay
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-1.112 at 10 ft

Location
Equation

Beam: M15

Shape: W18x60_ASD8th 067 at 0 ft

Material: A36 Gr.36

Length: 20 ft

| Joint: N2 _ Dy .

J Joint:  N18 Dy in

Envelope

Code Check: 0.112 (LC 2)

Report Based On 97 Sections -.053 at 20 ft

g 31.33at0ft

2

g- .611 at 10 ft

] Vy k | vz K

%‘ A k -611at0ft

»)

0 -19.565 at 10 ft

5.

o

i 6.112 at 10 ft

)

(D

O

> T My k-ft

)

P k-ft

5 -.579 at 10 ft

=

D

15}

q 1.78 at 0 ft

3 .68 at 10 ft

O

s _ -

S ksi |'V) ‘ ksi | f(z) ksi

S -.68 at 10 ft

N

-

=

n

®

O

A

m

©

3

A

(0]

<

N

w Compact
Fy 36 ksi
Fa 16.313 ksi
Ft 21.6 ksi
Fby 27 ksi
Fbz 14.393 ksi
Fvy 14.4 ksi
Fvz 14.4 ksi
Cb 1

AISC 9th: ASD Code Check
Max Bending Check 0.112 (LC Rjax Shear Check 0.006 (y) (LC 1Max Defl Ratio L/10000
10 ft

10 ft
H1-1

Location

zZ-Z

20 ft
16.049
No

y-y
Cm 6
Lb 20 ft
KL/r 71.124
Sway No
L Comp Flange 20 ft

Location
Span

0 ft
NA
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ Project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [BF 1 1st Floor Beam | Shape  [W18x60 |
| Properties Geometry Elastic Properties
A 17.6 in.A2 X-X Y-Y
d 1824 |in. I, 984 [in.n4 1, 50.1 |in.”4
by 7.555 |in. S, 108 |in.A3 S, 133 |in.3
tr 0.695 |in. ry 7.47 lin r, 1.69 |in
ty 0.415 in. Plastic Modulus
W(weight) 60 #/ft. Z, [ 123 Jinn3 z, 206 |in.A3
rr 1.96
d/A ¢ 3.47 Torsional Constant
J [ 217 linna Y
‘ 1 k1 1k
Compact Section Criteira Warping Consant e
bs/2t; 5.4 C, [ - in."6 I -
F, - ksi
d/tw 44 Material Property
F,” - ksi E 29000 |ksi X—H—X T
F," 34.2 ksi Fy 36 |ksi tw
1
Y e
bf
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 20(ft. Dead Load (D)= 115(psf ex = 0fin
Beam Spacing (w) = 8|ft. Live Load(L)= 80(psf ey= 0fin
Tributary Area to Col= 0fft.A2 Roof Live Load(Lr)= 0|psf
K= 1 Snow Load(S)= 0|psf
Unbraced Length = 20|ft.
Deflection Criteria
Total Load 1/360=| 0.67[in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 552 kips-in MD(Max Dead)= 0 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 552 kips-in MD(Max Use)= 0 kips-in
ML(Max Live)= 384 kips-in ML(Max Live)= 0 kips-in
ML(Live Overwrite)= kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 384 kips-in ML(Max Use)= 0 kips-in
M(Lr or S)(Max Live)= 0 kips-in M(Lr or S)(Max Live)= 0 kips-in
M(Lr or S)(Live Overwrite)= 0 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 0 kips-in M(Lr or S)(Max Use)= 0 kips-in
Mu=| 936|kips-in Mu=| 0 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 9.2 kips PD(Max Dead)= 0 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 0 kips
VMD(Max Use)= 9.2 kips PD(Max Use)= 0 kips
VL(Max Live)= 6.4 kips PL(Max Live)= 0 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 6.4 kips PL(Max Use)= 0 kips
V(Lr or S)(Max Live)= 3.04 kips P(Lr or S)(Max Live)= 0 kips
V(Lr or S)(Live Overwrite)= 55 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 55 kips P(Lr or S)(Max Use)= 0 kips
Vu=| 70.6|kips P(E or W)= 31.3 kips

Solution Summary:

Try

[Lw 18x60 J<---

Change W shapes

Major Axis Beam Bending|  35%

Beam Shear| 65%

I Minor Axis Beam Bending 0%
Axial 24%

Deflection| 30%

Combined Bending and Axial|  60%

Overall Check 65%

Pu:I 31.3|kips
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 20 ft
K= 1
KL= 20 ft
KL/r= 142
C, = \/ZnZE/Fy = 126
)
KL [1 > 2 ]Fy
if 2 <, thenF, = - 2C, Section 1.5.1.3.1
-
E 3 (T) — (&)3 /8C3
8 8C, r ¢
12m2%E
if —=C.thenFy = K2 Section 1.5.1.3.2
3(3)
Calculate Stresses in Column
| Axial Stress: fa:| Pu/A=|1.8 |ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

4ZA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly 861eyd jo aaly d|qe|ieAe s| uopealignd siy |

Unbraced lenth (Lb)=

20 ft

Checks for Typical Major Bending Stress Equation

Non-Composite Minor Axis Beam Design AISC Seventh Edition

Equation From Appendix A Variable Value Limit Value
b /2ty < 55.2/ /Fy 5.4 8.7 Good
fa
d/t, <412(1-2.33 E)/ E, 44 60.7 Good
lp/< 76bs/ ,Fy 240 95.7 No Good, Use Alternate EQN
/< 20,000 240 159.9 No Good, Use Alt te EQN
S— A 0 Good, Use Alternate
77 (d/A)F,
Use Alternate Equation
Checks for Alternate Major Bending Stress Equation
Equation From Appendix A Variable Value Limit Value
55,2/\5 < by/2t; 5.4 8.7 Good
bs /2ty < 95.0/ |F, 5.4 15.8 Good
Use Alternate Bending Stress Equation
[Typical Bending Stress Equation: F,p, = 0.66F, | Fbx:ksi
b Fbx=|24. ksi
AlternateBending Stress Equation: Fpx = Fy[0,733 — ()_0014.(—f) /?y X st
Le A
[shear Stress Equation: F, = 0.40F, | Fv:ksi

|Minor Axis Bending Equation:

Foy = 0.75F, |
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Calculate Stresses in Beam

Major Bending Stress: fbx= Mux/Sx= 8.7 ksi Okay
Shear Stress: fv= Vu/(tw*d)= 9.3 ksi Okay
Minor Bending Stress: fby= Muy/Sy= 0 ksi Okay
Calculate Deflections
7
Camber: c=.2.38 Swql = 0 in.
384E]
Total Deflection: Ar= SwL? C= 0.2 in Oka
i TT384El ) i Y
Check Combined Stressed
f_a + fbx + fby
Formula 1.6-1a: E f. fa - 0.6 Less than 1.0, Okay
¢ A=) A=F)Fy
F £x F ey
fo | Jox  Jor _
Formula 1.6-1b: 0.6F, ' Fyy Fby - 0.43 Less than 1.0, Okay
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Column: M36
Shape: W14x145_ASD8th .
Material: A36 Gr.36 Dy in
Length: 19.75 ft
I Joint:  N31 Dz in
JJoint:  N32
Envelope
Code Check: 1.001 (LC 2) )
Report Based On 97 Sections 389 at 19.75 1t
- 703.327 at O ft
o
E -.095 at 0 ft
5 Vy k Vz k
=3 -1.748 at 0 ft
° A
3 155.049 at 0 ft
5.
=
o 34.514 at 19.75 ft
o)
(D
O
5 T My k-ft
o
P k-ft
S
3
D
T
q 16.471 at 0 ft
oN
g- 1.79 at 19.75 ft
% f(y) ——ﬂ ksi | f(z) ksi
> 1.79 at 19.75 ft
o fa ksi
-~ 3.631at0ft
=
n
2
Y AISC 9th: ASD Code Check
.B Max Bending Check 1.001 (LC 2) Max Shear Check 0.012 (y) (LC 2)
< Location 19.75 ft Location 0 ft
4.:‘ Equation H1-1 Max Defl Ratio L/608
20
N
& Compact y-y 7.7
Fy 36 ksi Cm .6 .6
Fa 17.476 ksi Lb 19.75 ft 19.75 ft
Ft 21.6 ksi KL/r 59.521 37.451
Fby 27 ksi Sway No No
Fbz 21.6 ksi L Comp Flange 19.75 ft
Fvy 14.4 ksi
Fvz 14.4 ksi
Cb 1
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [BF 1 Col FDN | Shape  [W14x145 |
| Properties Geometry Elastic Properties
A 42.7 in.A2 X-X Y-Y
d 14.78  |in. 1, 1710 [in."4 1, 677 |in."4
by 15.5 in. S, 232 |inn3 S, 873 |in."3
tr 1.09 in. ry 6.33 |in r, 3.98 |in
ty 0.68 in. Plastic Modulus
W(weight) 145 #/ft. Z, [ 260 [in.n3 z, 133 [in.A3
rr 4.28
d/A ¢ 0.88 Torsional Constant
J [ 152 inna Y
jtr k1 1k
Compact Section Criteira Warping Consant e
bs/2t; 7.1 C, [ - in."6 I -
F, - ksi
d/tw 21.7 Material Property
F,” - ksi E 29000 |ksi X—H—X T
F,” - ksi Fy 36 |ksi tw
1
Y e
bf
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 19.75|ft. Dead Load (D)= 107 |psf ex = ofin.
Beam Spacing (w) = offt. Live Load(L)= 80(psf ey= ofin.
Tributary Area to Col= 0fft.A2 Roof Live Load(Lr)= 40| psf
K= 1 Snow Load(S)= 29.7psf
Unbraced Length = 19.75|ft.
Deflection Criteria
Total Load 1/360=| 0.66in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 0 kips-in MD(Max Dead)= 0 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 0 kips-in MD(Max Use)= 0 kips-in
ML(Max Live)= 0 kips-in ML(Max Live)= 0 kips-in
ML(Live Overwrite)= 0 kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 0 kips-in ML(Max Use)= 0 kips-in
M(Lr or S)(Max Live)= 0 kips-in M(Lr or S)(Max Live)= 0 kips-in
M(Lr or S)(Live Overwrite)= 0 kips-in M(Lr or S)(Live Overwrite)= 54.18 kips-in
M(Lr or S)(Max Use)= 0 kips-in M(Lr or S)(Max Use)= 54.18 kips-in
Mu=| Olkips-in Mu=| 54.18 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 0 kips PD(Max Dead)= 0 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 0 kips
VMD(Max Use)= 0 kips PD(Max Use)= 0 kips
VL(Max Live)= 0 kips PL(Max Live)= 0 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 0 kips PL(Max Use)= 0 kips
V(Lr or S)(Max Live)= 0 kips P(Lr or S)(Max Live)= 0 kips
V(Lr or S)(Live Overwrite)= 0 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 0 kips P(Lr or S)(Max Use)= 0 kips
Vu=| Olkips P(E or W)= 704 kips

Solution Summary:

Try

[w 14x145 |

p— Change W shapes

Major Axis Beam Bending 0%

Beam Shear 0%

N Minor Axis Beam Bending 2%
Axial 94%

Deflection 0%

Combined Bending and Axial|  98%

Overall Check 98%

Pu:I 704|kips
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 19.75 ft
K= 1
KL= 19.75 ft
KL/r= 59.5
C. = \/ZnZE/Fy = 126
)
1-~C2F
KL [ 2C 2 10y .
lf? < C, thenF, = (I(L) c Section 1.5.1.3.1
5 30F) (kL .
g+ s~ (7) /8¢
KL 12n2E
if 2 Ccthen Fy = T—L)Z Section 1.5.1.3.2
T
Calculate Stresses in Column
| Axial Stress: fa:| Pu/A=|16.5 |ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A
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Unbraced lenth (Lb)=

19.75 ft

Checks for Typical Major Bending Stress Equation

Equation From Appendix A Variable Value Limit Value
b /2ty < 55.2/ /Fy 71 8.7 Good
d/t, <412(1 — 2.33{:—:1)/ E, 217 -4.7 No Good, Use Alternate EQN
lp/< 76bs/ ,Fy 237 196.3 No Good, Use Alternate EQN
/< 20,000 237 635.1 Good
S— . 00
77 (d/A)F,
Use Alternate Equation
Checks for Alternate Major Bending Stress Equation
Equation From Appendix A Variable Value Limit Value
55.2/ ﬁ < by/2t; 7.1 8.7 Good
A
bs /2ty < 95.0/ |F, 7.1 15.8 Good

|Typica| Bending Stress Equation:

Fep = 0.66F, ]

AlternateBending Stress Equation:

b
Fyx = F,[0.733 — 0.0014(t—f) /?y
£

[shear Stress Equation:

F, = 0.40F, ]

Non-Composite Minor Axis Beam Design AISC Seventh Edition

|Minor Axis Bending Equation:

Foy = 0.75F, |

Use Alternate Bending Stress Equation

Fbx=|N/A ksi

Fox=[242 _ |ksi
144 |

Page 54 of 57



YL

4zA8Y-216-1.2° 409" LSIN/8209 01 /610°10p//:sd)Yy :woly abieyo jo aaly o|qe|ieae s| uopeolignd s

Calculate Stresses in Beam

Major Bending Stress: fbx= Mux/Sx= 0 ksi Okay
Shear Stress: fv= Vu/(tw*d)= 0 ksi Okay
Minor Bending Stress: fby= Muy/Sy= 0.6 ksi Okay
Calculate Deflections
7
Camber: c=.2.38 Swql = 0 in.
384E]
Total Deflection: Ar= SwL? C= 0 in Oka
i TT384El i Y
Check Combined Stressed
f_a + fbx + fby _
Formula 1.6-1a: E f. fa - 0.98 Less than 1.0, Okay
¢ A=) A=F)Fy
F £x F ey
fo | Jox  Jor _
Formula 1.6-1b: 0.6F, ' Fyy Fby - 0.79 Less than 1.0, Okay
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Project ID: 19051
-: m AISC Eighth Edition ORIDINARY CONCENTRIC "“;J'ecf Name: f:g
ngineer:

Structural Solutions BRACED FRAME CONNECTION DESIGN -~
! 5/13/2020
[ Braced Frame # [Hss 10x10 | Brace Size:]  STS 10x10x0.375 |
Brace Properties Gusset Plate Properties
A 14.1|in"2 tp 1.5|in
t 0.375 |in Fyp 36 | ksi
B 10 (in E 29000 |ksi
Fy 46 (ksi K 0.7
UItlm?te Axial Load 355 |kips Ip 7.5 lin
applied to Brace=
- L 12|in
) r 0.433 |in
o] Weld Properties KL/r 12.1
% D [ 8|/16" cc 126
5
Q
=
(@]
=}
> o @WVWP 4 oL
»n D2 % 2 P
® D , <
<
) ¢
) S N
S ‘, S \
o) CL > ~
—
=
()
® Brace Yielding Py = 0.6F,Aper = 358.1 kips Okay
S,
5 7
a
o i Ly=———-= i
QL Required Weld Length w = 0928D » 4 12 in
«Q
(0]
—h
8 Gusset Plate Yielding Py = 0.6FpA, = 388.8 kips Okay
3
=0 2
= (ﬁ)
2 - 27(:. el 2%
= Gusset Plate Buckling P, = KL < Ap = 378.8 kips Okay
S 5,3 () (5 sscs
o 8 8C, r ¢
=
(o]
=
—
o
(o)}
o
N
o
~
Z
)}
.—4
@
O
-
N
—
1
©
—
N
N
(o¢]
<
N
o
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Design Case B

2018 IBC
Risk Category I1I
Seismic Design Category B

This section presents representative structural calculations for Building 2 (7-story
healthcare facility in Long Island, New York) Design Case B. Project objectives,
building selection criteria, seismic design criteria, structural design drawings,

references, and project participants are documented in NIST GCR 21-917-48v2A.

GCR 21-917-48v2B Design Case B: 2018 IBC RC 111 SDC B B-1
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Tacoma 1250 Pacific Avenue, Suite 701 | Tacoma, WA 98402 | 253.383.2797
Portland 101 SW Main Street, Suite 280 | Portland, OR 97204 | 503.232.3746
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DESIGN CRITERIA

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.21-917-48v2B
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Project: ATC BLDG 2 RC3 Job Number: 19-051
-: m Sheet: of Name: JAD
Structural SOlutlonS Originating Office: Tacoma Date: 07/14/21
[DESIGN CRITERIA CHECKLIST |
CODE:| IBC 2018, ASCE 7-16 | LOCATION;| Long Island, NY |
[VERTICAL DESIGN CRITERIA |
DEAD LIVE PARTITION CONCENTRATED
ROOF: 100 PSF 40 PSF
OPERATING ROOMS 95 PSF 60 PSF 15 PSF 1000 #
LIBRARY: 95 PSF 150 PSF 15 PSF 1000 #
PRIVATE ROOMS 95 PSF 100 PSF 15 PSF
CORRIDORS ABOVE THE 1st FLOOR 95 PSF 80 PSF 15 PSF
WIND DESIGN CRITERIA |
BASIC WIND SPEED (V) = 140 MPH F (Per ASCE 7-16 Sec. 26.5.1, Fig. 26.5-1A; 1B; 1C & 1D, or as required by Bld'g Dept.)
RISK CATEGORY: ma v F (Per ASCE 7-16 Table 1.5-1 & IBC Table 1604.5)
EXPOSURE CATEGORY: 8 ¥  (Per ACSE 7-16 Section 26.7.3)
TOPOGRAPHIC FACTOR (K,): 1.00 (Per ASCE 7-16 Section 26.8.2)

MEAN ROOF HEIGHT: 30 Ft

(See ASCE 7-16 Section 26.2 - Definitions)

ELEVATION: 0FT (See ASCE 7-16 Section 26.9)
ENCLOSURE CLASSIFICATION: Enclosed ’z (See ASCE 7-16 Secion 26.2 & Table 26.13-1)
ROOF TYPE: Monoslope ¥ (See ASCE 7-16 Figure 27.3-1)
ROOF SLOPE (_ :12): 0.00:12 (Enter vertical rise in 12 horizontal units)
0 (degrees): 0.00
|SEISMIC DESIGN CRITERIA
RISK CATEGORY: F (Per ASCE 7-16 Table 1.5-1 & IBC Table 1604.5)
SITE CLASS: b w  (Per IBC Section 1613.2.2, Assumed as "D" or per Geotech.)
IMPORTANCE FACTOR (Iy): 1.25 (Per ASCE 7-16 Table 1.5-2)
STRUCTURAL SYSTEM (R): 3.5 (Per ASCE 7-16 Table 12.2-1)
OVERSTRENGTH FACTOR (Q,): 3.0 (Per ASCE 7-16 Table 12.2-1)

INFORMATION BELOW FROM "EARTHQUAKE SPECTRAL RESPONSE ACCELERATION MAPS" PER USGS

LATITUDE:[  40.647 Sg= 0.245 F,= 1.600
LONGITUDE:[  -73.564 S = 0.055 F,= 2.400
[DEFLECTION CRITERIA |
FLOOR (LIVE): L/ 480 fz ROOF (LIVE): L/ 360 E
FLOOR (TOTAL): L/ 360 v ROOF (TOTAL): L/ 240 v
WALLS: L/ 360 v SPECIAL: L/ v
[SOIL DESIGN CRITERIA |
REPORT: SEE SOILS REPORT FOR ACTIVE, PASSIVE PRESSURES AND
FRICTION COEFFICIENT
BEARING:[ 6000 PSF
ACTIVE:| _ 35PCF MINIMUM FOOTING DIMENSIONS:
PASSIVE:| 250 PCF
COEFFICIENT OF CONTINUOUS: 1-4"
FRICTION: 0.35 SPREAD: 6"
FROST DEPTH: 1-6"
PILE TYPE:{  NONE
VERTICAL CAPACITY : N/A LATERAL CAPACITY: N/A
UPLIFT CAPACITY: N/A SIZE: N/A

Design Criteria - IBC2015 - Revised 02/04/16

2 of 57
RC3 Design Criteria (07-14-21)(Overall (Input))
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Project: ATC BLDG 2 RC3 Job Number: 19-051
.: m Sheet: of Name: JAD
Structural SOIH“OHS Originating Office: Tacoma Date: 07/14/21
IMATERIALS |
[CONCRETE |
Footings/Piles; 3000 PSI Columns: 4000 PSI
Slabs/Walls:| 4000 PSI Beams: 4000 PSI
[REINFORCING
Steel Grade = 60 fy 60 KSI
|STRUCTURAL STEEL
W-Flange Beams ASTM A992 fy= 50 KSI
Shapes & Plates ASTM A36 fy= 36 KSI
Pipes ASTM A53, Grade B fy= 35 KSI
HSS Rect. ASTM A500, Grade C fy= 50 KSI
HSS Round ASTM A500, Grade C fy 46 KSI
3 of 57

Design Criteria - IBC2015 - Revised 02/04/16
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Project: ATC BLDG 2 RC3 Job Number: 19-051

.: m Sheet: of Name: JAD

Structural SOIH“OHS Originating Office: Tacoma Date: 07/14/21

IDESIGN CRITERIA - WIND |

| FIGURE 27.3-8: Main Wind Force Resisting System, Part 1 (All Heights): Design Wind Load Cases per ASCE 7-16 |

Diagrams
075 P wy
Fwy
tidl] [1il3
e - BT P ey = —={eN P Lx
Pux Prx | Pry rr 1 1 J'
BT Py
CASE 1 CASE 3
By
1 T ) S—
wEET P oy

i » ¢ I 1 { I WIS Y ' ' i
+ - |.-\J — +‘-\| P ‘——- -:-‘) |
 — g E— _.-’l’;, : | — i B—
[ My B T : - G .
] A il

BISP oy 0.75Pp y a7sPLy et S TR J; l 4- .
0,563 Py
Mr=0.75 (PyyrtPooBrey  Mr=0.75 (PoysPrdBrey  Mp= 0563 (Paat PogBrey + 0.563 (Pyyt P Brey
ev=== .15 B ey =4 015 B ey = (.15 B ey=:£0.15 B
CASE 2 CASE 4
Notation

Py, Py = Windward face design pressure acting in the x, y principal axis. respectively.
Pry. Pry=Leeward face design pressure acting in the x, ¥ principal axis, respectively.
€l ey, ey ) = Eccentricity for the x, y principal axis of the structure, respectively.

M7y =Torsional moment per unit height acting about a vertical axis of the building.

Case 1. Full design wind pressure acting on the projected area perpendicular to each principal axis of the structure, considered
separately along each principal axis.

Case 2. Three-quarters of the design wind pressure acting on the projected area perpendicular to each principal axis of the structure
in conjunction with a torsional moment as shown, considered separately for each principal axis.

Case 3. Wind loading as defined in Case 1. but considered to act simultaneously at 75% of the specified value.

Case 4. Wind loading as defined in Case 2, but considered to act simultansously at 75% of the specified value.

Notes

1. Design wind pressures for windward and leeward faces shall be determined in accordance with the provisions of Sections 27.3.1
and 27.3.2 as applicable for buildings of all heights.
2. Diagrams show plan views of buildings.

FIGURE 27.3-B Main Wind Force Resisting System, Part 1 (All Heights): Design Wind Load Cases
4 of 57
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Project: ATC BLDG 2 RC3 Job Number: 19-051

.: m Sheet: of Name: JAD

Structural Solutions

Originating Office: Tacoma Date: 07/14/21

|DESIGN CRITERIA - WIND

FIGURE 27.3-1 Main Wind Force Resisting System, Part 1 (All Heights): External Pressure Coefficients, Cp, for Enclosed and
Partially Enclosed Buildings - Walls and Roofs per ASCE 7-16

Diagrams
] H83% quac, 7 49C, €46C,
1 = 1,6C,
WIND - -
1,6€, J "% ! I =l 446C,
i {1"1 diild q,6¢€ l
o2 " e
PLAN ELEVATION
GABLE, HIP ROOF
VORTRTRAREn , o L 945Cp
= = -
T Y CE G
-l
WIND_ ;. = = = 0,00, & 1406C,
- e = -
1, P i - - h —— —=l -
e
TIORTTRIRELLY ¢46C, = [ =_
l-a,_ [,—b-l Ln— L—n:-l PO S
PLAN ELEVATION ELEVATION
MONOSLOPE ROOF (NOTE 4)
1 1 1] I.”GCF nGCF 11 qnﬁcp
WIND 1 = : ; ac
— R o = ThYp
= =
E; GCP J o E I =
B T -
Al dA A da A e l =
b L = - L =l
PLAN ELEVATION
MANSARD ROOF (NOTET)
Notation
B =Horizontal dimension of building, in ft (m), measured normal to wind direction.
L =Horizontal dimension of building, in ft (m), measured parallel to wind direction.
fh=Mean roof height, in ft {m), except that eave height shall be used for 8 = 10 degrees.
z=Height above ground, in ft (m).
+ = Gust-effect factor.
g, gn = Velocity pressure, in Ib/ft® (N“m?), evaluated at respective height.
8= Angle of plane of roof from horizontal, in degrees.

FGURE 27.3-1 Main Wind Force Resisting System, Part 1 (All Heights): External Pressure Coefficients, C,, for Enclosed and Partially
Enclosed Bulldings—Walls and Roofs

5 of 57
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Project: ATC BLDG 2 RC3 Job Number: 19-051

.: m Sheet: of Name: JAD

Structural SOIH“OHS Originating Office: Tacoma Date: 07/14/21

|DESIGN CRITERIA - WIND

FIGURE 30.3-1: Components and Cladding [h < 60 ft]: External Pressure Coefficients, (GCp), for Enclosed and Partially
Enclosed Buildings - Walls

Diagram
N
Y
o
e
- il
006
~g- &
ELEVATION
Notation

a = 10% of least horizontal dimension or (L4h, whichever is smaller, but not less than either 4% of least
horizontal dimension or 3 ft (0.9 m).
Exception: For buildings with 8 = 0° to 7% and a least horizontal dimension greater than 300 ft (90 m),
dimension a shall be limited to a maximum of 0.8k,
fi = Mean roof height, in ft (m), except that eave height shall be used for @ = 10°.
8 = Angle of plane of roof from horizontal, in degrees.

External Pressure Coefficient, (GCP,J - Walls
10 500

4.8

1B Tj:l T

1.4 1 1.4
12 L8 Y
1.0 —
0.8 T 08
4.6 +
0.4
0

0
0.2
+0.4 7
40,6 T -
+0.8 T 1
Ry LS2LS =] : +19

+1.2

[/

External Pressure Coefficient, (GCp)

1 10 20 50 100 200 5001000
.1 09 (1.5 (46 (33 (185 (465 (29

Effective Wind Area. ft? (nf )

Notes

I. Vertical scale denotes (GCp) to be used with gh.

2. Horizontal scale denotes effective wind area, in ft® (m2).

3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.

5. Values of (GCp) for walls shall be reduced by 10% when 8 < 10°.

FGURE 30.3-1 Components and Cladding [k < 60 ft (A < 18.3 m)]: External Pressure Coeflicients, (GC_), for Enclosed and Partially
Enclosed Bulldings—Walls

6 of 57
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Project: ATC BLDG 2 RC3 Job Number: 19-051
.: m Sheet: of Name: JAD
Structural SOIHtlonS Originating Office: Tacoma Date: 07/14/21
[DESIGN CRITERIA - SEISMIC |
|ASCE 7-16 SECTION 12.8 - EQUIVALENT LATERAL FORCE PROCEDURE |
RISK CATEGORY: 111 LATITUDE: 40.647
SITE CLASS: D LONGITUDE: -73.564
IMPORTANCE FACTOR (I): 1.25 Sg= 0.245
STRUCTURAL SYSTEM (R): 35 S = 0.055
OVERSTRENGTH FACTOR (Q,): 3 F,= 1.600
F,= 2.400

|ASCE 7-16 SECTION 11.4 SEISMIC GROUND MOTION VALUES

Section 11.4.4 - Coefficients and Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration Parameters

Sys = F,*Sg = 0.392

Sui = F,*S, = 0.132

Section 11.4.5 - Design Spectral Response Acceleration Parameters

Sps = 2/3*Sys = 0.261

Sp1 = 2/3*Sy, = 0.088

|ASCE 7-16 SECTION 11.6 - SEISMIC DESIGN CATEGORY - SECTION 12.8.2 - PERIOD DETERMINATION

ASCE 7-16 TABLE 11.6-1
SEISMIC DESIGN CATEGORY BASED ON Spg
RISK CATEGORY:
[&11 111 v Each building and structure shall
<0.167g A A A be assigned to the most severe
<0.33g B B C Seismic Design Category in
<0.50g C C D accordance with Table 11.6-1 or
>=(.50g D D D Table 11.6-2, irrespective of the
B fundamental period of vibration of
the structure.
ASCE 7-16 TABLE 11.6-2
SEISMIC DESIGN CATEGORY BASED ON Sy,
RISK CATEGORY:
[&11 111 v
<0.067¢g A A A PERIOD DETERMINATION:
<0.133g B B C C = 0.028
<0.20g C C D h, = 100 FT
>=(.20g D D D X= 0.8
B T,=C*h,* = 1.115
|ASCE 7-16 SECTION 12.8.1.1 - SEISMIC RESPONSE COEFFICIENT |
GENERAL EQUATION: Cs = Sps/(R/I) = 0.093 EQ. 12.8-2
MAXIMUM: Cs =Sp/(T*R/N)) = 0.028 <--CONTROLS EQ. 12.8-3
MINIMUM: Cs=0.044*Sps*1 > 0.01 = 0.014 EQ. 12.8-5
For structures located where S1 > 0.6g
Cs=0.5*S/(R/T) = 0.000 EQ. 12.8-6

|ASCE 7-10 SECTION 12.8.1 - SEISMIC BASE SHEAR

V =Cg*W = 0.028*W

W = the total dead load and applicable portion of other loads as
indicated in Section 12.7.2

Design Criteria - IBC2015 - Revised 02/04/16

7 of 57
RC3 Design Criteria (07-14-21)(Earthquake)
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exceedance in 50 years)
S1D 0.6 Factored deterministic acceleration value (1.0s)

PGAd 0.5 Factored deterministic acceleration value (PGA)

The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code adoption process. Users should confirm
any output obtained from this tool with the local Authority Having Jurisdiction before proceeding with design.

Disclaimer
Hazard loads are provided by the U.S. Geological Survey Seismic Design Web Services.

While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or liability for its accuracy. The material
presented in the report should not be used or relied upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by
engineers or other licensed professionals. ATC does not intend that the use of this information replace the sound judgment of such competent professionals, having experience and
knowtedge in the field of practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website.
User&%of the information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies
resp@sible for building code approval and interpretation for the building site described by latitude/longitude location in the report.
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The fesults indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code adoption process. Users should confirm
any @uiput obtained from this tool with the local Authority Having Jurisdiction before proceeding with design.
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Dis_giaimer

Hazard loads are interpolated from data provided in ASCE 7 and rounded up to the nearest whole integer. Per ASCE 7, islands and coastal areas outside the last contour should use the
last v;md speed contour of the coastal area — in some cases, this website will extrapolate past the last wind speed contour and therefore, provide a wind speed that is slightly higher.

NOTE; For queries near wind-borne debris region boundaries, the resulting determination is sensitive to rounding which may affect whether or not it is considered to be within a wind-
borng debris region.
(o]

Mouliﬁinous terrain, gorges, ocean promontories, and special wind regions shall be examined for unusual wind conditions.

1
Whilgue information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or liability for its accuracy. The material
pres@ed in the report should not be used or relied upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by
enginéers or other licensed professionals. ATC does not intend that the use of this information replace the sound judgment of such competent professionals, having experience and
knowledge in the field of practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website.
Users of the information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies
responsible for building code approval and interpretation for the building site described by latitude/longitude location in the report.
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’% Gravity Beam Design
RAM Steel 17.00.01.09

RAM Structural System DataBase: ATC BLDG
ZBentley Building Code: IBC

2 ASCE RC 3 (1-26-21)

02/02/21 12:25:21
Steel Code: AISC 360-16 LRFD

Floor Type: Floor Beam Number = 98
SPAN INFORMATION (ft): I-End (47.25,-123.50) J-End (47.25,-91.50)
Beam Size (User Selected) = W21X50 Fy = 50.0 ksi
Total Beam Length (ft) = 32.00
_, COMPOSITE PROPERTIES (Not Shored):
> Left Right
o Deck Label Deck Deck
= Concrete thickness (in) 4.50 4.50
= Unit weight concrete (pcf) 150.00 150.00
;_ f'c (ksi) 5.00 5.00
© Decking Orientation perpendicular perpendicular
2—’_)- Decking type VERCO W3 Formlok VERCO W3 Formlok
S beff (in) 91.50 Y bar(in) = 23.01
= Mnf (kip-ft) = 1038.49 Mn (kip-ft) = 846.60
o C (kips) 372.16 PNA (in) = 20.19
53" leff (in4) = 3120.64 Itr (in4) = 3986.68
2 Stud length (in) = 4.50 Stud diam (in) = 0.75
@ Rg Stud Red. Factor Rg[1] = 1.00 Rg[2] = 0.85
g Rp Stud Red. Factor Rp[1] = 0.60 Rp[2] = 0.60
- Stud Capacity (kips) Qn[l1] = 17.2 Qn[2] = 14.6
©  #ofstuds: Max = 64  Partial=48  Actual =48
S Number of Stud Rows =2 Percent of Full Composite Action = 50.63
o
o LINE LOADS (k/ft):
S Load Dist DL CDL LL Red% Type PartL CLL
> 1 0.000 0.724 0.610 0.610 --- NonR 0.114 0.152
§ 32.000 0.724 0.610 0.610 0.114 0.152
% SHEAR (Ultimate): Max Vu (1.2DL+1.6LL) = 32.45 kips 1.00Vn = 237.12 Kips
§ MOMENTS (Ultimate):
2 Span Cond LoadCombo Mu @ Lb Cb Phi Phi*Mn
2 kip-ft ft ft kip-ft
g Center PreCmp+  1.2DL+1.6LL 124.9 16.0 0.0 1.00 0.90 412.50
& Init DL 1.4DL 109.3 16.0 --- ---
R Max + 1.2DL+1.6LL 259.6 16.0 --- --- 0.90 761.94
@ Controlling 1.2DL+1.6LL 259.6 16.0 --- --- 0.90 761.94
REACTIONS (kips):
Left Right
Initial reaction 12.20 12.20
DL reaction 11.59 11.59
Max +LL reaction 11.59 11.59
Max +total reaction (factored) 3245 32.45
DEFLECTIONS: Ratio
Initial load (in) at 16.00 ft = -0.504 L/D = 76l
Live load (in) at 16.00 ft = -0.189 L/D = 2033 > 360°% (.18
Post Comp load (in) at 16.00ft = -0.219 L/D = 1756 > 240 0.14
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g Gravity Beam Design
— 2 RAM Steel 17.00.01.09 Page 2/2

pmsmewrat sy DAtaBase: ATC BLDG 2 ASCE RC 3 (1-26-21) 02/02/21 12:25:21
ZBentley Building Code: IBC Steel Code: AISC 360-16 LRFD
Net Total load (in) at 16.00ft = -0.723 L/D = 531 > 240 0.45
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BentleyFloorVibe Vv3.00, (C)2006-2018 by Structural Engineers, Inc. SHEET OF
www.floorvibe.com DATE: 11/20/2020
PAGE: 1 BY:

Project ID:

Project #
Bay ID : 1-Floor: B-C , 5-4
Model : ATC BLDG 2 ASCE RC 3 (10-20-20)
VIBRATION ANALYSIS:
Equipment: User Defined
Evaluation Criterion: Sensitive Equipment
Reference: Murray, T.M., Allen, D.E. and Ungar, E.E.,

“Floor Vibrations Due to Human Activity”,
AISC Design Guide #11, 1997

Vibrational Velocity: V= 6000. P-in/sec (User Defined)
Beams are not continuous at girders
Girders are not continuous at columns

EVALUATION:
Walking Evaluation
Speed v V(limit)
(Steps/min) (U-1in/sec) (U-1in/sec) Criterion
100 26932 > 6000 Not Satisfied
75 5985 <= 6000 Satisfied
50 1609 <= 6000 Satisfied

PARAMETER SUMMARY:

e — - - - +—— +
| Parameter | Beam | Left Girder | Right Girder |
- - - - - +

Member W21X50 W24X68 W24X68

Uniform Load, plf 751.5 1644.9 2646.8

Effective I, in*4 4150.8 6410.2 7206.5

Frequency, Hz 9.21 8.52 7.12 5.63
Fom Fmm o o Fo— +
FRAMING: (User Modified Bay)

Girder Span = 30.50 ft
Beam Spans:

Left = 0.00 ft

Center = 32.00 ft

Right = 20.33 ft | |
Girders/Walls:

Left -W24X68
Right-W24X68

Beam -W21X50
4 spaces at 91.50 in

Concrete: dc = 7.50 in Loading: Dead = 4.00 psf
f'c = 5.00 ksi Live = 11.00 psf
wt. = 150.0 pcf Collateral = 0.00 psft

Deck Height = 3.00 in

Warning: The bay configuration and/or properties analyzed here have
been modified by the user and differ from the actual configuration
and/or properties of the bay in the RAM Structural System.
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’% Gravity Column Design
RAM Steel 17.00.01.09

mvsmenasyeen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21)
ZBentley Building Code: IBC

02/12/21 11:17:28
Steel Code: AISC360-16 LRFD

Story level Level 2, Column Line B-4, Column # 7

Fy (ksi) = 50.00
Orientation (deg.) = 0.0

INPUT DESIGN PARAMETERS:

Column Size

X-Axis

Lu (ft) 15.67
K 1
Braced Against Joint Translation Yes
Column Eccentricity (in) Top - 10.10
Bottom 10.10

CONTROLLING AXTAL COLUMN LOADS - Skip-Load Case 1:

Dead
Axial (kip) 545.17
DEMAND CAPACITY RATIO: (1.2DL + 1.6LL)
Pu (kip) = 1435.44 0.90Pnx (kip) = 2189.60
0.90Pny (kip) = 1986.72
0.90Pn (kip) = 1986.72

CONTROLLING COMBINED COLUMN LOADS - Skip-Load Case 3:

Dead

Axial (kip) 545.17
Moments Top Mx (kip-ft) -1.64
My (kip-ft) 0.21

Bot Mx (kip-ft) -2.05

My (kip-ft) 0.27

Reverse curvature about X-Axis
Reverse curvature about Y-Axis

CALCULATED PARAMETERS:

(1.2DL + 1.6LL)

Pu (kip) = 1435.44 0.90*Pn (kip)

Mux (kip-ft) -29.21 0.90*Mnx (kip-ft)

Muy (kip-ft) = 9.46 0.90*Mny (kip-ft)

Rm = 1.00

Cbx = 1.86

Cmx = 0.54 Cmy

Pex (kip) = 17322.52 Pey (kip)

Blx = 1.00 Bly
INTERACTION EQUATION

Pu/0.90*Pn = 0.723

Eq H1-1a: 0.723 + 8/9(0.024 + 0.015) = 0.758

= WI14X176

Y-Axis
15.67

Yes
10.35
10.35

Live
488.28

Pu/0.90Pnx
Pu/0.90Pny
Pu/0.90Pn

Live
488.28
-1.64
0.21
-16.72
5.71

1986.72
1200.00
611.25

0.57
6783.30
1.00

Roof
0.00

0.656
= 0.723
= 0.723

Roof
0.00
0.00
0.00
0.00
0.00
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’% Gravity Column Design
RAM Steel 17.00.01.09

mvsmenasyeen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21)
ZBentley Building Code: IBC

Page 2/2
02/12/21 11:17:28
Steel Code: AISC360-16 LRFD

Story level Level 1, Column Line B-4, Column # 7

Fy (ksi) = 50.00
Orientation (deg.) = 0.0

Column Size

INPUT DESIGN PARAMETERS:

X-Axis

Lu (ft) 19.75
K 1
Braced Against Joint Translation Yes
Column Eccentricity (in) Top 10.10
Bottom 0.00

CONTROLLING AXTAL COLUMN LOADS - Skip-Load Case 1:

Dead
Axial (kip) 635.24
DEMAND CAPACITY RATIO: (1.2DL + 1.6LL)
Pu (kip) = 1687.64 0.90Pnx (kip) = 2110.42
0.90Pny (kip) = 1808.38
0.90Pn (kip) = 1808.38

Dead

Axial (kip) 635.24
Moments Top Mx (kip-ft) -1.63
My (kip-ft) 0.21

Bot Mx (kip-ft) 0.00

My (kip-ft) 0.00

Single curvature about X-Axis
Single curvature about Y-Axis

CALCULATED PARAMETERS: (1.2DL + 1.6LL)

Pu (kip) = 1669.53 0.90*Pn (kip)

Mux (kip-ft) -4.56 0.90*Mnx (kip-ft)

Muy (kip-ft) = 7.50 0.90*Mny (kip-ft)

Rm = 1.00

Cbx = 1.67

Cmx = 0.60 Cmy

Pex (kip) = 10904.73 Pey (kip)

Blx = 1.00 Bly
INTERACTION EQUATION

Pu/0.90*Pn = 0.923

Eq H1-1a: 0.923 + 8/9(0.004 + 0.012) = 0.938

CONTROLLING COMBINED COLUMN LOADS - Skip-Load Case 6:

= WI14X176

Y-Axis
19.75

Yes
10.35
0.00

Roof
0.00

Live
578.35

Pu/0.90Pnx
Pu/0.90Pny =
Pu/0.90Pn =

0.800
0.933
0.933

Roof
0.00
0.00
0.00
0.00
0.00

Live
567.03
-1.63
4.53
0.00
0.00

1808.38
1200.00
611.25

0.60
4270.17
1.00
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Loads and Applied Forces

srsms—n RAM Frame 17.00.01.09
ZjBentiey DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21) 07/14/21 17:21:05

LOAD CASE: EQ ELF
Seismic ASCE 7-16 Equivalent Lateral Force
Importance Factor: 1.25 TL: 6.00 s
Site Class D: Stiff Soil, Default
Ss:0.245 g S1:0.055¢g
Use Specified:  SDs: 0.261 g SD1: 0.088 g
Risk Category: IIl  Seismic Design Category: B
Provisions for: Force

Ground Level: Base

Dir Eccent R Ta Equation Building Period-T

X + And - 3.5 Std,Ct=0.028,x=0.80 User Defined

Y + And - 33 Std,Ct=0.020,x=0.75 User Defined

Dir Ta Cu T T-used Cs Cs(max) Cs(min) Cs-used k
Eql2.8-2  Eql2.8-3  Eql2.8-5

X 1.118 1.700 1.150 1.150 0.093 0.027 0.014 0.027 1.325

Dir Ta Cu T T-used Cs Cs(max) Cs(min) Cs-used k
Eql2.8-2  Eql2.8-3  Eql2.8-5

Y 0.634 1.700 0.630 0.630 0.100 0.054 0.014 0.054 1.065

Total Building Weight (kips) =11286.99

APPLIED DIAPHRAGM FORCES
Type: EQ ASCE716 X +E F

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft
Roof 1 100.35 79.63 0.00 62.23 -55.23
Level 6 1 86.10 68.26 0.00 62.23 -55.23
Level 5 1 73.43 55.28 0.00 62.23 -55.23
Level 4 1 60.76 43.01 0.00 62.23 -55.23
Level 3 1 48.09 31.55 0.00 62.23 -55.23
Level 2 1 35.42 21.04 0.00 62.23 -55.23
Level 1 1 19.75 9.70 0.00 62.23 -55.23

APPLIED STORY FORCES
Type: EQ ASCE716 X +E F

Level Ht Fx Fy
ft kips kips
Roof 100.35 79.63 0.00
Level 6 86.10 68.26 0.00
Level 5 73.43 55.28 0.00
Level 4 60.76 43.01 0.00 22 of 57

Level 3 48.09 31.55 0.00



§ Loads and Applied Forces

pmsmcuraismen. RAM Frame 17.00.01.09 Page 2/7

ZlBentley DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21) 07/14/21 17:21:05
Level 2 35.42 21.04 0.00
Level 1 19.75 9.70 0.00
308.46 0.00
-
& APPLIED DIAPHRAGM FORCES
2 Type: EQ ASCE716 X -E_F
§ Level Diaph.# Ht Fx Fy X Y
5 ft kips kips ft ft
~ Roof 1 100.35 79.63 0.00 62.23 -67.82
©  Level6 1 86.10 68.26 0.00 62.23 -67.82
= Level5 1 73.43 55.28 0.00 62.23 -67.82
S Level4 1 60.76 43.01 0.00 62.23 -67.82
Level3 1 48.09 31.55 0.00 62.23 -67.82
o Level2 1 35.42 21.04 0.00 62.23 -67.82
o Level 1 19.75 9.70 0.00 62.23 -67.82
= APPLIED STORY FORCES
3 Type: EQ ASCE716 X -E F
Z  Level Ht Fx Fy
£ ft kips kips
&  Roof 100.35 79.63 0.00
S Level6 86.10 68.26 0.00
= Level5 73.43 55.28 0.00
o Level4 60.76 43.01 0.00
%  Level3 48.09 31.55 0.00
Z  Level2 35.42 21.04 0.00
' Levell 19.75 9.70 0.00
O
3 308.46 0.00
5
X
N
< APPLIED DIAPHRAGM FORCES
o

Type: EQ ASCE716 Y +E F

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft
Roof 1 100.35 0.00 141.94 68.57 -61.53
Level 6 1 86.10 0.00 126.60 68.57 -61.53
Level 5 1 73.43 0.00 106.86 68.57 -61.53
Level 4 1 60.76 0.00 87.34 68.57 -61.53
Level 3 1 48.09 0.00 68.09 68.57 -61.53
Level 2 1 35.42 0.00 49.16 68.57 -61.53
Level 1 1 19.75 0.00 26.39 68.57 535453
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=

ramsmenrasyen RAM Frame 17.00.01.09
Z|Bentley DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)

Loads and Applied Forces

Page 3/7
07/14/21 17:21:05

APPLIED STORY FORCES
Type: EQ ASCE716 Y +E F
Level Ht

ft
Roof 100.35
Level 6 86.10
Level 5 73.43
Level 4 60.76
Level 3 48.09
Level 2 3542
Level 1 19.75

APPLIED DIAPHRAGM FORCES
Type: EQ ASCE716 Y -E F

Level Diaph.#
Roof 1
Level 6 1
Level 5 1
Level 4 1
Level 3 1
Level 2 1
Level 1 1
APPLIED STORY FORCES
Type: EQ ASCE716 Y -E F
Level Ht
ft
Roof 100.35
Level 6 86.10
Level 5 73.43
Level 4 60.76
Level 3 48.09
Level 2 35.42
Level 1 19.75

Fx Fy
kips kips
0.00 141.94
0.00 126.60
0.00 106.86
0.00 87.34
0.00 68.09
0.00 49.16
0.00 26.39
0.00 606.38

Ht Fx

ft kips
100.35 0.00
86.10 0.00
73.43 0.00
60.76 0.00
48.09 0.00
35.42 0.00
19.75 0.00

Fx Fy
kips kips
0.00 141.94
0.00 126.60
0.00 106.86
0.00 87.34
0.00 68.09
0.00 49.16
0.00 26.39
0.00 606.38

kips
141.94
126.60
106.86
87.34
68.09
49.16
26.39

ft
55.89
55.89
55.89
55.89
55.89
55.89
55.89

ft
-61.53
-61.53
-61.53
-61.53
-61.53
-61.53
-61.53
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'§ Loads and Applied Forces

ramsmenrasyen RAM Frame 17.00.01.09
Z|Bentley DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)

Page 4/7

07/14/21 17:21:05

LOAD CASE: Wind
ASCE 7-16
Exposure: B
Basic Wind Speed (mph): 131.0
Apply Directionality Factor, Kd = 0.85
Use Topography Factor, Kzt: 1.00
Ground Elevation Factor, Ke: 1.00
Use Natural Frequency for X-Direction (Hz) = 0.55
Use Natural Frequency for Y-Direction (Hz) = 0.75
Gust Factor for Flexible Structures, G: Use Calculated G for X-Dir.
Gust Factor for Flexible Structures, G: Use Calculated G for Y-Dir.
Damping Ratio for Flexible Structures= 0.05
Mean Roof Height (ft): User Defined = 100.00

Ground Level: Base
WIND PRESSURES:
X-Direction: Natural Frequency = 0.550 Structure is Flexible
Y-Direction: Natural Frequency = 0.750 Structure is Flexible
CpWindward =0.80 qgLeeward (gh) = 36.90 psf
GCpn (Parapet): Windward = 1.50 Leeward = -1.00
Height Kz Kzt qz Gust Factor G CpLeeward
ft psf X Y X Y
100.35 0.989 1.000  36.940 0.868 0.849 -0.498 -0.500
86.10 0.947 1.000  35.358 0.868 0.849 -0.498 -0.500
73.43 0.905 1.000  33.786 0.868 0.849 -0.498 -0.500
60.76 0.857 1.000  32.006 0.868 0.849 -0.498 -0.500
48.09 0.802 1.000  29.938 0.868 0.849 -0.498 -0.500
3542 0.735 1.000  27.433 0.868 0.849 -0.498 -0.500
19.75 0.622 1.000  23.216 0.868 0.849 -0.498 -0.500
0.00 0.575 1.000  21.461 0.868 0.849 -0.498 -0.500
APPLIED DIAPHRAGM FORCES
Type: Wind ASCE716 1 X
Level Diaph.# Ht Fx Fy X
ft kips kips ft
Roof 1 100.35 36.99 0.00 62.25
Level 6 1 86.10 68.68 0.00 62.25
Level 5 1 73.43 62.83 0.00 62.25
Level 4 1 60.76 60.84 0.00 62.25
Level 3 1 48.09 58.53 0.00 62.25
Level 2 1 3542 61.94 0.00 62.25
Level 1 1 19.75 71.98 0.00 62.25
APPLIED STORY FORCES

Type: Wind ASCE716 1 X
Level Ht Fx Fy

Pressure (psf)

X
41.623
40.525
39.433
38.197
36.760
35.021
32.092
30.873

Y
40.771
39.696
38.628
37.419
36.013
34.311
31.446
30.254

ft

-61.75
-61.75
-61.75
-61.75
-61.75
-61.75
-61.75
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’g Loads and Applied Forces

pam simcwralsyen. RAM Frame 17.00.01.09 Page 5/7

Z|Bentley DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21) 07/14/21 17:21:05
ft kips kips
Roof 100.35 36.99 0.00
Level 6 86.10 68.68 0.00
Level 5 73.43 62.83 0.00
Level 4 60.76 60.84 0.00
Level 3 48.09 58.53 0.00
Level 2 35.42 61.94 0.00
Level 1 19.75 71.98 0.00
421.79 0.00

APPLIED DIAPHRAGM FORCES
Type: Wind ASCE716 1 Y

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft
Roof 1 100.35 0.00 36.52 62.25 -61.75
Level 6 1 86.10 0.00 67.81 62.25 -61.75
Level 5 1 73.43 0.00 62.04 62.25 -61.75
Level 4 1 60.76 0.00 60.08 62.25 -61.75
Level 3 1 48.09 0.00 57.79 62.25 -61.75
Level 2 1 35.42 0.00 61.17 62.25 -61.75
Level 1 1 19.75 0.00 71.09 62.25 -61.75

APPLIED STORY FORCES
Type: Wind ASCE716 1 Y

Level Ht Fx Fy

ft kips kips
Roof 100.35 0.00 36.52
Level 6 86.10 0.00 67.81
Level 5 73.43 0.00 62.04
Level 4 60.76 0.00 60.08
Level 3 48.09 0.00 57.79
Level 2 35.42 0.00 61.17
Level 1 19.75 0.00 71.09

0.00 416.49

APPLIED DIAPHRAGM FORCES
Type: Wind ASCE716 2 X+E

Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 100.35 27.74 0.00 62.25 554371

Level 6 1 86.10 51.51 0.00 62.25 -43.71



§ Loads and Applied Forces

ramsmenrasyen RAM Frame 17.00.01.09

Page 6/7
ZlBentley DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21) 07/14/21 17:21:05
Level 5 1 73.43 47.12 0.00 62.25 -43.71
Level 4 1 60.76 45.63 0.00 62.25 -43.71
Level 3 1 48.09 43.90 0.00 62.25 -43.71
Level 2 1 35.42 46.46 0.00 62.25 -43.71
Level 1 1 19.75 53.98 0.00 62.25 -43.71
.
& APPLIED STORY FORCES
£ Type: Wind_ASCE716_2_X+E
§ Level Ht Fx Fy
5 ft kips kips
— Roof 100.35 27.74 0.00
©  Level6 86.10 51.51 0.00
= Level5 73.43 47.12 0.00
S Level4 60.76 45.63 0.00
S Level3 48.09 43.90 0.00
o Level2 35.42 46.46 0.00
o Level 19.75 53.98 0.00
a
2 316.34 0.00
E
=
2 APPLIED DIAPHRAGM FORCES
&  Type: Wind_ASCE716 2 X-E
S Level Diaph.# Ht Fx Fy X Y
= ft kips kips ft ft
% Roof 1 100.35 27.74 0.00 62.25 -79.79
%  Level6 1 86.10 51.51 0.00 62.25 -79.79
Z  Levels 1 73.43 47.12 0.00 62.25 -79.79
' Leveld 1 60.76 45.63 0.00 62.25 -79.79
& Level 3 1 48.09 43.90 0.00 62.25 -79.79
O Level2 1 35.42 46.46 0.00 62.25 -79.79
6 Levell 1 19.75 53.98 0.00 62.25 -79.79
IN
< APPLIED STORY FORCES
% Type: Wind_ASCE716 2 X-E
Level Ht Fx Fy
ft kips kips
Roof 100.35 27.74 0.00
Level 6 86.10 51.51 0.00
Level 5 73.43 47.12 0.00
Level 4 60.76 45.63 0.00
Level 3 48.09 43.90 0.00
Level 2 35.42 46.46 0.00
Level 1 19.75 53.98 0.00

27 of 57



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Project: /“lTC’ e v Asce 7 Job No: 150"
Subject: T Sheow Sheet Name: SAy

Structural Solutions Originating Office: [ | Seattle [Xx] Tacoma [ | Portland Date: __8/1%»

Setgri

SHE QZH into
Ste Guy © > So = 014

W = 19 mpn

Sei,svw;c.
BE

R= Dy
ey 016l

G= _):';'/L’

Glas) = .o

= 1oofst (156aohe™) + QS 10p)0)S 650 4K) = Mo
Veaz G W= o Clltoe N = (1ot

ME
p-

Sf oy
o= (L) = 5,09 o3

= 1008t (15630 b)) + (GS St 106)01S 63088 6= o
VEq: G W= '093(;“'“”&_) <~ o6y

Chtee M= & M (s

T= Gl = .0%8(100)'?'-' LIy @ mr

<-r T 6
- (T 6@ pF } - ©

Seo,, 0082 _
Mex Cs= T(he ) T ey O @AF > Vs ea(Wd= 3k

. ’. Q_O%q -
= A ('m/mr) 0.0 @ pF — VU= .os1(w)= GIFn —> Seismic conld @BF

M Cs = o044 Ses Te = .04q (6] ) lare - OH

28 of 57
Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076 www.pcs-structural.com

Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Job No: 15-00)

Name: S4y

Project: /‘lTC’ bos o Asce 7
.: m Subject: G Sheo~ Sheet

Structural Solutions Originating Office: [ | Seattle [X Tacoma [ | Portland

Crindd | oedS

Exequr. B

Ubmele Crel sPeed = |3 mPH
T,.:= 1o

?,% -~ .O0°LSb bz e Woet leg V'L = 00256 e (9.(‘) (1> M = DI ke

wha\.'-
k.a‘bf Vnrl-d
te= \D

ltal,-‘« ©.55

by = 1O

? os a0 fortin of helte

s> k=2 . 5F — G5—= T g

Yw> KT~ 0.6 —> o, = 22Tpst
Qe kr= 066 2 far= L6 it
o> x: 070 S Gy, =261 AP
Lo~ ker @7 2 Qyo -~ 180 sk
Gso  Wa= O8] - Q= D2 psh
s W ot > g = OLF st
Pwor W= 68 i‘%,o}a e
Quor ks 095 > Qe ST
P> W= 09l > fu,= Dy AL

P> kv = 099 9 Qg a IEO OSF

["”:“" .Pf\',uuf‘o

.- 76Ce — WE Ce =~ G(TsCP- nCH

Lihere:
G @b Fbom > see - Py > AICE 76 26

Ce» 0.8 For Lmed vl , —0T For Lectant

Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746

Date: 8/

29 of 57

www.pcs—structural.com



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

RATC D6~ Asce 7

Project: Job No: |G-o0)
Subject: T Sheo- Sheet Name: S4

Structural Solutions Originating Office: [ | Seattle [X|] Tacoma [ | Portland Date: _ 8/1#/»

it Fon~  Fom mF
Natrrel  [reg vem (L
N

Lt s jey 7 Y9 g h > we offx Fa, 2GS

qan P
n_: /‘,\'T £ ]_UOT SS é_] '{x'bk
® et .,\MT.‘ e =2 F;_(,{.Jr /L
_ 5, \%
= C(, /'1) =, ‘(jv))
\l -tcaé') ('L‘H\A ltmed (Biubs T \1 . ébCJJ_;‘i:Z o> T @$)

—hv S5
Le- £(&) = 2 (3D = a6a¢

j"‘"‘j"‘ >4 0.8 ¥ 1
ne NUR(3oh)  + eOeeny | 469

- \l'/? Fab Rp( SB+ a7k < \l 7os (o) or(zr) (>4 ( 06D = peis
Where,. Py .

z(%) )V

= OnS ) (/,,)\\rv q< S

nis _ .sS(3%6) _
M="ns T Gos T UMY

ZNEFM L —%H?—( 224) a
B> Ureand® (14 @3y = o8

V)h-:, Q.GHVV{ - (T.GCS-‘_) | b0 RS ’LG(’ - D—k-:. Jﬁ —%qﬂ.(‘_ c:"']) T U2

V) = qe,h\fyv- = G sy 2 ice~ 313 — Py = "/q Cr = @159
1Synl IS4 S3)IY e =) 16 oMYy
N - vl = 1o s Rz AI] e o8
+.3%3 \I 27 Y e 4o (23
@¢-ogas (l el > = o9 CHHC N ERTANIEED = 089
: 2 7 Y VLTI 2
30 of 57

Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076 www.pcs-structural.com
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746




4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

ATC D6 = Asce 7

Project: Job No: | G0
Subject: O Sheo- Sheet Name: S4

Structural Solutions Originating Office: [ | Seattle [X] Tacoma [ | Portland Date: __ 8/

Ot Fogwr Fo~ DbF
Natirel  freg ven gty
N

Lt jey 7 C Y4 yimg b = we ofPrx Fa, e~

Ny
/L‘ = 7'§/Izw T O3 — ';:Iu:s/&

® et U‘MTU\Q 6‘5& F;-MJF

2, \%
w= (A - s w”»
\I -tag')(lﬁ*h 4 @od (BraNEY T \le) - @$y
Lhee:

N )
(2 - w2 (%) = woc

j‘l"‘j"" >4 A 1
. \]'L\»,Cgewh) + 20wy Gl

n- \J'/? Fal Ro(.S3+ 970 = \I 7os Coe). B9 ) (s34 (o6%)) = olq)
Whe. 3 P

5= E@%‘) '—>V

= S (/,,)hre 35S

nis _ (%) _
/VF e Grs T et

2N L A3 )
RVI: (,l+W3”|‘S% N Cl'f “7'36’3‘06))% = 069

.~ %hyyv; = Qe Thesr1e 2 e 4l —%']1 (- <) - [l

Ny %“\”/l/’ = G390 P ass~ qup — Fp= —/’] C“ i
- BlEb L Bl g %q‘Crc‘L“) 1 e

G ~0gas C +19%5{ 8¢ (7% 80 0 > c oGy (HHC 290 D4t e ¢ (i ) > - Ogr

JtL¥9, T VL0323

31 of 57
Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076 www.pcs-structural.com
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746




4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Project: A'TC’ Dbs 2 Asee 7 Job No: 18-
.: % Subject: T Sheow Sheet Name: S4y

Structural Solutions Originating Office: [ | Seattle E Tacoma [ | Portland Date: _ &/1%w

Fdbeci mol Poessuns

feer Pressre
®- IS 0 sk
18- 2% D) e<t
291 DLS fsf
580 295 pst
®0-Y4u o pst
Yo -SO S s
So- 6o DEIPsF
Go-30 V&I pst
To-50 >3 fst
$o-50 Qo) PSF
%o-lwo w9 Pt
Bas Shear

V.~ BCPe ()t S (Pt Pac+ ar) 410" (Puo4Po * Too + Pas 4050 4 Pao + Fuc))
= |iy-o” C)O."L e (is) + SIS e+ NS 4 ’}‘D.S'Psf“) Flor (38 pst +0L@s F+33psk + D& pst + BGDPsh + Qay ?Ji)
tlo” C 4a9 esh

= Gk C Nk S g ek (2 MFP

32 of 57
Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076 www.pcs-structural.com
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Project: 4‘1(, BLos L RC3 Job No: 15-or|
.: % Subject: C sc Sheet Name: St

Structural Solutions Originating Office: [ | Seattle §, Tacoma [ | Portland Date: /21920

P o bl
vl B P Py Ps
| =~ et = -WF g 1~ -lpo.y et 12" b6 st = ~9% py
2 2% psh L= sk 1T 2ry psf 92 SS.G pst 2= SS9 pyp
EAF = 3l
Neds ctoe Fewra  CPoite)
Flewic tip ane | | |2 | > |« |s
L0 le | Lo Lo L& 1.9
20 \.¢ | .5¢ 6T | .9y N
SO 1.0 | -9 . 8% 9 | %Y
Lov .0 .0y ¥~ | .8¥ | 3
Ioov 1.9 .9 Bic} ¥ 6
O3 Positive Presing
Ef&w:ﬂw LJI"—\J. Aroe } T > “ S
\O %8 (X3 [t.¢ Tl Yo+
20 s Tty [6.) 419 Ya.(
Ny 3.9 ho | ise | et | Qb+
\ou 3.8 1.3 [CHA a3&« | 201
Sov (X4 Jo.0 Iy | M9 |26z
33 of 57
Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076 www.pcs-structural.com

Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

A4 DLdsL  PCY

Project:

Job No: 15-orl

Subject: Csc Sheet

Name: J4»

- PCS

Structural Solutions Originating Office: [ | Seattle Ig Tacoma [ | Portland

Prate
£ B P Py
I = WS et = =3 pp (> -lba.y et 12" b6 nt
2+ 2% psh L= 2 Rfsr 1T 2uR psf 12 SS9 pst
EAF = 39
Res chioe Feora  Chegeanis)
E'f&w(m Lant Ane , T > “® S
L0 lo = 1.0 X% L.g
25 T A I L ™
30 .1 | L9 .9t .38 5%
Loo . oF .38 8% 4 . Su
Jov ¥ Y K 1 F Y
CSC A Pressneg
Fltessice toiog ane | ! z > € | s
Lo -S8y [ a3 S8 ~41) | -7
20 -S6.1 | -88. S8 | —ySo | - 696
30 SSOH| <S4S | -En -4 615
Lou -Slyu | -80% | ~11e [-389 [ -6a)
I00 Yy |-V | cwn | 3 | - S1n

Seattle | 811 First Avenue, Suite 620 - Seattle, WA 98104 - tel: 206.292.5076
Tacoma | 1250 Pacific Avenue, Suite 701 - Tacoma, WA 98402 - tel: 253.383.2797
Portland | 101 SW Main Street, Suite 280 - Portland, OR 97204 - tel: 503.232.3746

Date: W1Y/2

Pe

1= ~NT py
1= SS9 pr

34 of 57

WWW.PCS- structural.com



BRACED FRAME DESIGN
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RAM RAMFrameAnalysis.RFAn.1l
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’% Member Code Check
RAM Frame 17.00.01.09

mvsmenasyeen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21)
ZBentley Building Code: IBC

02/12/21 11:43:38
Steel Code: AISC360-16 LRFD

BRACE INFORMATION:
Story Level = Level 1 Frame Numbe
Fy (ksi) = 50.00
Brace Size = HSS8X8X1/2

INPUT DESIGN PARAMETERS:

r = 1

Lu for Axial (ft)
Lu for Bending (ft)
K
CONTROLLING BRACE FORCES - SHEAR
Load Combination: 1.400 D
Shear Top Vux (kip)
Vuy (kip)
Shear Bot. Vux (kip)
Vuy (kip)
SHEAR CHECK:
Vux (kip) = 0.00 0.90Vnx (kip) 165.85
Vuy (kip) = 0.00 0.90Vny (kip) = 165.85
CONTROLLING BRACE FORCES - AXIAL
Load Combination: 1.260 D + 0.500 Lp + 1.000 E4
AXIAL CHECK:
Pu(kip) = 314.28 0.90Pnx (kip) 345.96
0.90Pny (kip) = 345.96
0.90Pn (kip) = 345.96
CONTROLLING BRACE FORCES - FLEXURE
Load Combination: 1.260 D + 0.500 Lp + 1.000 E4
Axial Load (kip)
Moment  Top Mux (kip-ft)
Muy (kip-ft)
Moment  Bot. Mux (kip-ft)
Muy (kip-ft)
CALCULATED PARAMETERS:
Pu (kip) 314.28 0.90Pn (kip)
Mux (kip-ft) 0.00 0.90Mnx (kip-ft) =
Muy(kip-ft) = 0.00 0.90Mny (kip-ft) =
KL/Rx = 87.75 KL/Ry =
Cbx = 1.00
INTERACTION EQUATION:

Pu/0.90*Pn=0.908
Pr/Pc=0.908

X-Axis
22.25
22.25

1.00

0.00
0.00
0.00
0.00

Vux/0.90Vnx =
Vuy/0.90Vny

Pu/0.90Pnx
Pu/0.90Pny =
Pu/0.90Pn

314.28
0.00
0.00
0.00
0.00

345.96
140.63
140.63

87.75

Brace Number = 2

Y-Axis
22.25
22.25

1.00

0.000
0.000

0.908
0.908
0.908
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Seismic Provisions Member Code Check

RAM Structural System 17.00.01.09

mmsnowrarsen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21) 02/12/21 11:43:38
ZBentley Building Code: IBC Steel Code: AISC341-16 - LRFD
Brace Parameters

Story: Level 1 Frame No: 1 Member No: 2

Fy (ksi): 50.00 Size: HSS8X8X1/2

Frame Type: Ordinary Concentrically Braced Frame

F1.5a Basic Requirements (D1.1 Moderately Ductile) --- OK
Flange b/tf = 14.20 Limit = 15.47 OK
Web h/tw = 14.20 Limit = 15.47 OK

F1.6a Diagonal Brace Connections
Maximum Compression force (kip) = 550.64 Seismic Load Combo: 1.260 D + 0.500 Lp + 2.000 E4
Expected Compression force (kip) = 489.90
Maximum Tension force (kip) = 434.58 Seismic Load Combo: 0.840 D - 2.000 E4
Expected Tension force (kip) = 945.00
Bolt Slip Compression (kip) = 314.28 Standard Load Combo: 1.260 D + 0.500 Lp + 1.000 E4
Bolt Slip Tension (kip) = 198.22 Standard Load Combo: 0.840 D - 1.000 E4
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’§ Seismic Provisions Member Code Check

RAM Structural System 17.00.01.09

mmsmenraseen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21) 02/12/21 11:43:38
ZBentley Building Code: IBC Steel Code: AISC341-16 - LRFD
Column Parameters

Story: Level 1 Frame No: 1 Member No: 22

Fy (ksi): 50.00 Size: W14X120

Frame Type: Ordinary Concentrically Braced Frame

D1.4a Required Strength --- OK
Compression:  Max Pu (kip) = 1122.67 --- Combination: 1.260 D + 0.500 Lp + 2.000 E4
Max Pu/@Pn= 0.95 OK
Tension: Max Pu (kip) = 805.74 --- Combination: 0.840 D - 2.000 E4
Max Pu/@Pn= 0.51 OK

D2.5b Column Splices - Required Strength
Design strength of column splices must meet or exceed the following forces:
Required tension and compression strength from D1.4a.
Required shear for column splice is max result from D2.5b and D2.5¢
Refer to AISC 341 section D2.5b for additional detailing requirements.

D2.5¢ Required Shear Strength
Major  Minor
Mpc (kip-ft) 883.33  425.00
Column Splice Shear Force Required Mpc / H
Where Mpc is the lesser nominal plastic flexural strength of the column sections.
See code for more information on the Required Shear Strength
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’% Drift
RAM Structural System 17.00.01.09

rmsmewrasyen DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)
ZBentley Building Code: IBC

07/14/21 17:28:00
Steel Code: IBC

CRITERIA:
Rigid End Zones:  Ignore Effects
Member Force Output: At Face of Joint

P-Delta: Yes Scale Factor: 1.40
Ground Level: Base
-
2 LOAD CASE DEFINITIONS:
s D DeadLoad RAMUSER
8 Lp PosLiveLoad RAMUSER
S WI3 Wind DEFL Wind ASCE716 1 X
5 W4 Wind DEFL Wind ASCE716 1 Y
5 WIS Wind DEFL Wind ASCE716 2 X+E
5 WI6 Wind DEFL Wind ASCE716 2 X-E
° W17 Wind DEFL Wind ASCE716 2 Y+E
g WIS Wind DEFL Wind ASCE716 2 Y-E
o WI9 Wind DEFL Wind ASCE716 3 X+Y
> W20 Wind DEFL Wind ASCE716 3 X-Y
S w2l Wind DEFL Wind ASCE716 4 X+Y CW
T W22 Wind DEFL Wind ASCE716 4 X+Y CCW
3 w23 Wind DEFL Wind ASCE716 4 X-Y CW
Y Wind DEFL Wind ASCE716 4 X-Y CCW
2 ES EQ ELF Drift EQ ASCE716 X +E Drft
& E6 EQ ELF Drift EQ ASCE716 X -E_Drft
8 E7 EQ ELF Drift EQ ASCE716 Y +E Drft
=~ E8 EQ ELF Drift EQ ASCE716 Y -E Drft
S
@
Z
% RESULTS:

d09

Story

gen8v-L16-1¢C

Roof

Location (ft): (0.000, 0.000)

LdC

D
Lp

W13
W14
W15
W16
W17
W18
W19
W20
w21

Displacement

X Y

in in
0.0011 -0.0446
0.0009 -0.0387
1.9463 -0.0094
0.0076 0.4625
1.8698 0.4101
1.0497 -0.4241
-0.4113 -0.0773
0.4228 0.7711
1.4655 0.3399
1.4540 -0.3539
1.7194 0.8859

X

in
0.0004
0.0002
0.0902
0.0004
0.0874
0.0480
-0.0198
0.0203
0.0680
0.0674
0.0808

Story Drift
Y
in

-0.0111
-0.0093
0.0007
0.0586
0.0204
-0.0193
0.0238
0.0641
0.0445
-0.0434
0.0633

X

0.0000
0.0000
0.0005
0.0000
0.0005
0.0003
0.0001
0.0001
0.0004
0.0004
0.0005

Drift Ratio
Y

0.0001
0.0001
0.0000
0.0003
0.0001
0.0001
0.0001
0.0004
0.0003

£:0003
0.0004
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Drift

rmsmewrasyen DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)

ZBentley Building Code: IBC

Page 2/4
07/14/21 17:28:00
Steel Code: IBC

Story

Level 6

Level 5

LdC
W22
W23
W24
E5
E6
E7
E8

D
Lp

W13
W14
W15
W16
W17
W18
W19
W20
W21
W22
W23
W24
E5

E6

E7

E8

Lp

W13
W14
W15
W16
W17
W18
W19
W20
w21
W22
W23
W24
E5

E6

E7

E8

Displacement
0.4788 -0.3761
1.7108 0.3656
0.4702 -0.8964
3.3645 0.3067
2.7599 -0.3076

-0.5350 0.9104
0.5844 2.0480
0.0007 -0.0334
0.0007 -0.0294
1.8561 -0.0101
0.0073 0.4039
1.7824 0.3897
1.0017 -0.4049

-0.3915 -0.1011
0.4024 0.7070
1.3975 0.2954
1.3866 -0.3105
1.6386 0.8226
0.4576 -0.3795
1.6305 0.3682
0.4494 -0.8339
3.0935 0.2795
2.5388 -0.2845

-0.4929 0.7202
0.5385 1.7690
0.0005 -0.0234
0.0006 -0.0211
1.7001 -0.0100
0.0067 0.3468
1.6324 0.3564
0.9176 -0.3714

-0.3585 -0.1101
0.3685 0.6302
1.2800 0.2526
1.2700 -0.2676
1.5007 0.7400
0.4194 -0.3611
1.4932 0.3499
0.4119 -0.7512
2.7211 0.2447
2.2333 -0.2515

-0.4357 0.5704
0.4760 1.4980

0.0212
0.0804
0.0207
0.2710
0.2211
-0.0421
0.0460

0.0002
0.0002
0.1560
0.0006
0.1500
0.0841
-0.0330
0.0340
0.1175
0.1165
0.1379
0.0383
0.1372
0.0376
0.3724
0.3054
-0.0572
0.0625

0.0001
0.0001
0.2164
0.0008
0.2077
0.1170
-0.0455
0.0468
0.1630
0.1617
0.1908
0.0536
0.1899
0.0526
0.4508
0.3702
-0.0698
0.0763

Story Drift
0.0034
-0.0026
-0.0625
0.0272
-0.0231
0.1903
0.2790

-0.0101
-0.0083
-0.0001
0.0572
0.0333
-0.0334
0.0089
0.0768
0.0428
-0.0429
0.0826
-0.0184
0.0183
-0.0827
0.0348
-0.0330
0.1498
0.2711

-0.0065
-0.0058
-0.0002
0.0654
0.0458
-0.0461
0.0024
0.0958
0.0490
-0.0492
0.1062
-0.0328
0.0326
-0.1064
0.0420
-0.0396
0.1522
0.3002

0.0001
0.0005
0.0001
0.0016
0.0013
0.0002
0.0003

0.0000
0.0000
0.0010
0.0000
0.0010
0.0006
0.0002
0.0002
0.0008
0.0008
0.0009
0.0003
0.0009
0.0002
0.0024
0.0020
0.0004
0.0004

0.0000
0.0000
0.0014
0.0000
0.0014
0.0008
0.0003
0.0003
0.0011
0.0011
0.0013
0.0004
0.0012
0.0003
0.0030
0.0024
0.0005
0.0005

Drift Ratio
0.0000
0.0000
0.0004
0.0002
0.0001
0.0011
0.0016

0.0001
0.0001
0.0000
0.0004
0.0002
0.0002
0.0001
0.0005
0.0003
0.0003
0.0005
0.0001
0.0001
0.0005
0.0002
0.0002
0.0010
0.0018

0.0000
0.0000
0.0000
0.0004
0.0003
0.0003
0.0000
0.0006
0.0003
0.0003
0.0007
0.0002
0.0002
0.0007
0.0003
0.0003

20pP

0.0020
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Drift

rmsmewrasyen DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)

ZBentley Building Code: IBC

Page 3/4
07/14/21 17:28:00
Steel Code: IBC

Story
Level 4

Level 3

Level 2

LdC
D
Lp
W13
W14
w15
W16
W17
W18
W19
W20
W21
W22
W23
W24
E5
E6
E7
E8

D
Lp

W13
W14
W15
W16
W17
W18
W19
W20
w21
W22
W23
W24
E5

E6

E7

ES

W13
W14
W15
Wil6
W17

Displacement
0.0004 -0.0168
0.0004 -0.0153
1.4836 -0.0098
0.0058 0.2813
1.4247 0.3106
0.8007 -0.3254

-0.3130 -0.1124
0.3217 0.5344
1.1171 0.2036
1.1084 -0.2184
1.3098 0.6337
0.3658 -0.3284
1.3033 0.3173
0.3592 -0.6448
2.2703 0.2027
1.8631 -0.2119

-0.3658 0.4182
0.3997 1.1978
0.0002 -0.0110
0.0003 -0.0100
1.2105 -0.0094
0.0048 0.2180
1.1634 0.2536
0.6523 -0.2678

-0.2563 -0.1016
0.2635 0.4287
09114 0.1564
0.9043 -0.1706
1.0701 0.5117
0.2970 -0.2771
1.0648 0.2665
0.2916 -0.5224
1.7562 0.1558
1.4398 -0.1669

-0.2862 0.2913
0.3126 0.9019
0.0002 -0.0063
0.0002 -0.0058
0.9494 -0.0088
0.0037 0.1573
0.9131 0.1989
0.5109 -0.2120

-0.2017 -0.0910

0.0001
0.0001
0.2731
0.0011
0.2614
0.1484
-0.0567
0.0583
0.2056
0.2041
0.2397
0.0688
0.2385
0.0676
0.5140
0.4233
-0.0797
0.0871

0.0001
0.0001
0.2611
0.0010
0.2502
0.1414
-0.0546
0.0561
0.1966
0.1950
0.2298
0.0651
0.2286
0.0639
0.4439
0.3651
-0.0701
0.0765

0.0001
0.0001
0.2741
0.0011
0.2651
0.1460
-0.0597

Story Drift
-0.0058
-0.0053
-0.0004

0.0633
0.0570
-0.0576
-0.0108
0.1057
0.0472
-0.0478
0.1220
-0.0513
0.0508
-0.1225
0.0470
-0.0450
0.1269
0.2959

-0.0047
-0.0042
-0.0007
0.0607
0.0547
-0.0558
-0.0106
0.1017
0.0450
-0.0461
0.1173
-0.0498
0.0490
-0.1181
0.0405
-0.0394
0.1120
0.2608

-0.0055
-0.0050
-0.0009

0.0733

0.0598
-0.0611
-0.0065

0.0000
0.0000
0.0018
0.0000
0.0017
0.0010
0.0004
0.0004
0.0014
0.0013
0.0016
0.0005
0.0016
0.0004
0.0034
0.0028
0.0005
0.0006

0.0000
0.0000
0.0017
0.0000
0.0016
0.0009
0.0004
0.0004
0.0013
0.0013
0.0015
0.0004
0.0015
0.0004
0.0029
0.0024
0.0005
0.0005

0.0000
0.0000
0.0015
0.0000
0.0014
0.0008
0.0003

Drift Ratio
0.0000
0.0000
0.0000
0.0004
0.0004
0.0004
0.0001
0.0007
0.0003
0.0003
0.0008
0.0003
0.0003
0.0008
0.0003
0.0003
0.0008
0.0019

0.0000
0.0000
0.0000
0.0004
0.0004
0.0004
0.0001
0.0007
0.0003
0.0003
0.0008
0.0003
0.0003
0.0008
0.0003
0.0003
0.0007
0.0017

0.0000
0.0000
0.0000
0.0004
0.0003

DLy

0.0000
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§ Drift
» RAM Structural System 17.00.01.09 Page 4/4

rmsmewrasyen DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21) 07/14/21 17:28:00
Z[Bentley Building Code: IBC Steel Code: IBC
Story LdC Displacement Story Drift Drift Ratio
W18 0.2073 0.3270 0.0614 0.1164 0.0003 0.0006
W19 0.7149 0.1114 0.2064 0.0543 0.0011 0.0003
W20 0.7092 -0.1245 0.2047 -0.0556 0.0011 0.0003
W21 0.8404 0.3944 0.2449 0.1322 0.0013 0.0007
w22 0.2319 -0.2273 0.0647 -0.0507 0.0003 0.0003
w23 0.8362 0.2174 0.2436 0.0497 0.0013 0.0003
W24 0.2277 -0.4042 0.0635 -0.1332 0.0003 0.0007
E5 1.3124 0.1153 0.4010 0.0379 0.0021 0.0002
E6 1.0747 -0.1275 0.3269 -0.0373 0.0017 0.0002
E7 -0.2161 0.1793 -0.0670 0.1415 0.0004 0.0008
E8 0.2361 0.6411 0.0732 0.2839 0.0004 0.0015
Level 1 D 0.0001 -0.0008 0.0001 -0.0008 0.0000 0.0000
Lp 0.0001 -0.0008 0.0001 -0.0008 0.0000 0.0000
W13 0.6753 -0.0079 0.6753 -0.0079 0.0028 0.0000
W14 0.0026 0.0840 0.0026 0.0840 0.0000 0.0004
W15 0.6481 0.1391 0.6481 0.1391 0.0027 0.0006
Wwi6 0.3649 -0.1509 0.3649 -0.1509 0.0015 0.0006
W17 -0.1420 -0.0845 -0.1420 -0.0845 0.0006 0.0004
W18 0.1460 0.2105 0.1460 0.2105 0.0006 0.0009
W19 0.5085 0.0571 0.5085 0.0571 0.0021 0.0002
W20 0.5045 -0.0689 0.5045 -0.0689 0.0021 0.0003
W21 0.5955 0.2622 0.5955 0.2622 .0025 0.0011
W22 0.1672 -0.1765 0.1672 0.0007 0.0007
W23 0.5926 0.1677 0.5926 0.0025 0.0007
W24 0.1642 -0.2711 0.1642 . 0.0007 0.0011
E5 0.9114 0.0773 0.0773 .0038 0.0003
E6 0.7478 -0.0902 -0.0902 0.0032 0.0004
E7 -0.1491 0.0378 0.0378 0.0006 0.0002

E8 0.1629 0.1629 0.3573 0.0007 0.0015

L/400 - Okay D*3=.011<.015h - Okay
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d2A8Y-L16-12°d09D

’% Member Code Check
RAM Frame 17.00.01.09

mvsmenasyeen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21)
ZBentley Building Code: IBC

02/12/21 14:03:55
Steel Code: AISC360-16 LRFD

BEAM INFORMATION:
Story Level = Level 1 Frame Number = 3
Fy (ksi) = 50.00
Beam Size = W33X130
INPUT DESIGN PARAMETERS:
Lu for Axial (ft)
Lu for Bending (ft)
K
Top Flange Continuously Braced
Bottom Flange Continuously Braced
CONTROLLING BEAM SEGMENT FORCES - SHEAR
Load Combination: 1.260 D + 0.500 Lp + 1.000 E6
Segment distance (ft) i - end
j - end
SHEAR CHECK:
Vux (kip) = -68.57 1.00Vnx (kip) 575.94
Vuy (kip) = -0.00 0.90Vny (kip) = 530.96
CONTROLLING BEAM SEGMENT FORCES - AXIAL
Load Combination: 1.400 D
Segment distance (ft) i - end
j-end
AXIAL CHECK:
Pu (kip) = 0.00 0.90Pnx (kip) 1723.50
0.90Pny (kip) = 1723.50
0.90Pn (kip) = 1723.50

CONTROLLING BEAM SEGMENT FORCES - FLEXURE

Load Combination: 1.260 D + 0.500 Lp - 1.000 E6
Segment distance (ft) i - end

j - end

CALCULATED PARAMETERS:

Pu (kip) = 0.00 0.90Pn (kip)

Mux (kip-ft) = -680.19 0.90Mnx (kip-ft) =
Muy(kip-ft) = 0.00 0.90Mny (kip-ft) =
Cbx = 1.36

INTERACTION EQUATION:

Pu/0.90*Pn=0.000
Mrx/Mcx = 0.388

X-Axis
32.00
32.00

1.00
No
No

24.00
32.00

Vux/1.00Vnx =
Vuy/0.90Vny =

0.00
8.00

Pu/0.90Pnx =
Pu/0.90Pny
Pu/0.90Pn =

0.00
8.00

1723.50
1751.25
223.13

Beam Number = 39

Y-Axis
8.00
8.00
1.00

0.119
0.000

0.000
0.000
0.000

52 of 57



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Seismic Provisions Member Code Check

RAM Structural System 17.00.01.09

mmsmewaseen DataBase: ATC BLDG 2 ASCE RC 3 (1-26-21) 02/12/21 14:05:56
ZBentley Building Code: IBC Steel Code: AISC341-16 - LRFD
Beam Parameters

Story: Level 1 Frame No: 3 Member No: 39

Fy (ksi): 50.00 Size: W33X130

Frame Type: Ordinary Moment Resisting Frame

E1.6b Beam-to-Column - FR Moment Connections
FR Moment Connections shall be designed for required flexure strength of (kip-ft) = 2354.46

53 of 57



4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |

Member Code Check

rmsmewrasyen DataBase: ATC BLDG 2 ASCE RC 3 (6-29-21)
ZBentley Building Code: IBC

07/14/21 17:49:09

Steel Code: AISC360-16 LRFD

COLUMN INFORMATION:

Story Level = Level 1

Fy (ksi)
Column Size

= 50.00
= W14X605

INPUT DESIGN PARAMETERS:

Lu for Axial (ft)

Frame Number = 3

Lu for Bending (ft)

K

CONTROLLING COLUMN FORCES - SHEAR
Load Combination: 1.252 D + 0.500 Lp + 1.000 E6

Shear Top

Shear Bot.

SHEAR CHECK:
Vux (kip) =  33.36
Vuy (kip) = -0.16

CONTROLLING COLUMN FORCES - AXIAL

Load Combination: 1.

AXIAL CHECK:
Pu(kip) = 963.74

CONTROLLING COLUMN FORCES - FLEXURE
Load Combination: 1.252 D + 0.500 Lp + 1.000 E6

Axial
Moment  Top

Moment Bot.

Vux (kip)

Vuy (kip)

Vux (kip)

Vuy (kip)

1.00Vnx (kip)
0.90Vny (kip)

200 D +1.600 Lp

0.90Pnx (kip)
0.90Pny (kip)
0.90Pn (kip)

1630.20
3908.74

7485.76
6566.89
6566.89

Load (kip)
Mux (kip-ft)

Muy (kip-ft)

Mux (kip-ft)

Muy (kip-ft)

CALCULATED PARAMETERS:

Pu ( kip) =

Mux (kip-ft)
Muy(kip-ft) =

619.48  0.90Pnx ( kip)
0.90Pny ( kip)
-612.78  0.90Mnx (kip-ft)
3.10  0.90Mny (kip-ft)

Mcx (kip-ft)

KL/Rx 3043  KL/Ry
Cbx = 1.67
INTERACTION EQUATION:

Pu/0.90*Pn=0.083

Eq H1-3: 0.137 +0.006 =0.143

Eq HI1-1b Per H1.3: 0.041 +0.124 + 0.000 = 0.165

Column Number = 2

X-Axis Y-Axis
19.75 19.75
19.75 19.75

1.00

33.36
-0.16
33.36
-0.16

Vux/1.00Vnx
Vuy/0.90Vny

Pu/0.90Pnx
Pu/0.90Pny
Pu/0.90Pn

619.48
-612.78
3.10
0.00
0.00

7485.76
6566.89
4950.00
2445.00
4912.01

52.12

1.00

0.020
0.000

0.129
0.147
0.147
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§ Seismic Provisions Member Code Check

RAM Structural System 17.00.01.09

RAM Structural System DataBase- ATC BLDG 2 ASCE RC 3 (6'29'21) 07/14/21 17:43:21
Z[Bentley Building Code: IBC Steel Code: AISC341-16 - LRFD
Column Parameters

Story: Level 1 Frame No: 3 Member No: 2

Fy (ksi): 50.00 Size: W14X605

Frame Type: Ordinary Moment Resisting Frame

D1.4a Required Strength --- OK
Compression:  Max Pu (kip) = 619.85 --- Combination: 1.252 D + 0.500 Lp - 3.000 E6
Max Pu/@Pn= 0.09 OK
Tension: No tension on column

D2.5b Column Splices - Required Strength
Design strength of column splices must meet or exceed the following forces:
Required tension and compression strength from D1.4a.
Shear in major axis (kip)= 99.34 --- Combination: 1.252 D + 0.500 Lp + 3.000 E6
Shear in minor axis (kip)= 4.51 --- Combination: 1.252 D + 0.500 Lp - 3.000 E7
Moment in major axis (kip-ft)= 1824.98 --- Combination: 1.252 D + 0.500 Lp + 3.000 E6
Moment in minor axis (kip-ft)= 89.06 --- Combination: 1.252 D + 0.500 Lp - 3.000 E7
Required shear for column splice is max result from D2.5b and D2.5¢
Refer to AISC 341 section D2.5b for additional detailing requirements.

D2.5¢ Required Shear Strength
Major  Minor
Mpc (kip-ft) 5500.00 2716.67
Column Splice Shear Force Required Mpc / H
Where Mpc is the lesser nominal plastic flexural strength of the column sections.
See code for more information on the Required Shear Strength
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Design Case C

1987 NBC
“Risk Category IV”
“Seismic Design Category B”

This section presents representative structural calculations for Building 2 (7-story
healthcare facility in Long Island, New York) Design Case C. Project objectives,
building selection criteria, seismic design criteria, structural design drawings,

references, and project participants are documented in NIST GCR 21-917-48v2A.

GCR 21-917-48v2B Design Case C: 1987 NBC “RC 1V” SDC B C-1
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DESIGN CRITERIA

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.21-917-48v2B
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DESIGN CRITERIA

VERTICAL LOADS

AREA DES:%"LBEAD LIVE LOAD (2) | PARTITION LOAD CON?_E)'XE%ATED
OPERATING ROOMS 95 PSF 60 PSF 20 PSF 1000#
PRIVATE ROOMS 95 PSF 40 PSF 20 PSF 1000#
CORRIDORS ABOVE 1ST FLOOR 95 PSF 80 PSF 20 PSF 1000#
ROOF 100 PSF 40 PSF (1) ] -

(1)-PRIFT AND UNBALANCED SNOW LOAD PER NBC, 1987, CHAPTER 4.
(2);LIVE LOAD REDUCTION NOT PERMITTED EXCEPT AS NOTED IN NBC 1987, SECTION 1115.0.

Ijqnd

SNOW:

Pg>= 35 PSF = GROUND SNOW LOAD

Pf= Cel Pg = FLAT ROOF SNOW LOAD = 29.4 PSF
Psi= CsPf = SLOPED ROOF SNOW LOAD

I %1 2,Ce=0.7

1

LATERAL FORCES
(@]

LATERAL FORCES ARE TRANSMITTED BY DIAPHRAGM ACTION OF ROOF AND FLOORS TO BRACED
FI%AME/MOMENT FRAME. LOADS ARE THEN TRANSFERRED TO FOUNDATION BY BRACED FRAME/MOMENT
FRAME ACTION WHERE ULTIMATE DISPLACEMENT IS RESISTED BY PASSIVE PRESSURE OF EARTH AND/OR
S%DING FRICTION. OVERTURNING IS RESISTED BY DEAD LOAD OF THE STRUCTURE.

WIND:
©
]

THE BUILDING MEETS THE CRITERIA PER NBC 1987 SECTION 1112.0.
o

- EXPOSURE CATEGORY =B

- BASIC WIND SPEED, V = 90 MPH

- EQUIVALENT RISK CATEGORY PER TABLE 1.5-1 =1V
- PRESSURE COEFFICIENT (ENCLOSED) = 0.8, -0.5

- WAND IMPORTANCE FACTOR Iw = 1.07

- [%SIGN WIND BASE SHEAR = 390 KIPS

_{
SI‘%tSMIC: (NBC 1987) V = ZTkCSW

A
Z23/8
SEISMIC IMPORTANCE FACTOR, I = 1.50
EQUIVALENT RISK CATEGORY OF BUILDING PER TABLE 1113.1 =IV
k 3.1.0 AT BRACED FRAME, k= 0.67 AT MOMENT FRAME
W& EFFECTIVE SEISMIC WEIGHT OF BUILDING = 12180 KIPS
ANALYSIS PROCEDURE USED = EQUIVALENT LATERAL FORCE PROCEDURE
CS=0.14
DESIGN BRACE FRAME BASE SHEAR V = 962 KIPS
DESIGN MOMENT FRAME BASE SHEAR V = ¢, KIPS

FOUNDATION DESIGN CRITERIA

SOIL BEARING PRESSURE: 6000 PSF (ASSUMED)

ACTIVE PRESSURE - RESTRAINED: 50 PCF +14H SEISMIC SURCHARGE (ASSUMED)
ACTIVE PRESSURE - UNRESTRAINED: 35 PCF +6H SEISMIC SURCHARGE (ASSUMED)
PASSIVE RESISTANCE: 200 PCF (INCLUDES F.O.S. = 1.5) (ASSUMED)

COEFFICIENT OF FRICTION: .35 (INCLUDES F.O.S. 2 1.5) (ASSUMED)

*1/3 INCREASE ALLOWED FOR SEISMIC OR WIND LOADING
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CONCRETE

CAST-IN-PLACE CONCRETE

DESIGN fc (PSI)

ITEM (AT 28 DAYS
U.N.O.)

FOUNDATIONS 3000

SLABS ON GRADE AND 4000

SLA@ ON METAL DECK
-

REINFORCING STEEL

ASTI\/§A615, GRADE 60 TYPICAL UNLESS NOTED OTHERWISE.

)

WEL@D WIRE REINFORCEMENT SHALL CONFORM TO ASTM A185. LAP ONE FULL MESH ON SIDES AND ENDS
BUT MOT LESS THAN 8 INCHES. WELDED WIRE REINFORCING SHALL BE SUPPORTED TO WITHSTAND
CONGRETE PLACEMENT. PULLING OF MESH INTO PLACE AFTER PLACEMENT IS NOT ALLOWED.

QO

D
REINEORCING SPLICE AND DEVELOPMENT LENGTH SCHEDULE, Fy=40 KSI (UNLESS NOTED OTHERWISE)
=
SGRIE MINIMUM LAP SPLICE LENGTHS ("Ls") MINIMUM DEVELOPMENT LENGTHS ("Ld")
3
#3 3 1 "6" 1 |_3u
#4 5 2'-0" 17"
#5 Q 2!_7" 2|_0u
Qf
#6 3-1" 2'-4"
#7 (% 4"6" 3"6"
#8 o 52" 311"
-
#9 o 5-10" 4'-6"
=
#10¢/] 6'-6" 5'-0"
#1 1 CD 7|_3|l 5|_7u
-
N
STRUCTURAL STEEL
\I

MAT@IAL PROPERTIES

N
WIDEFLANGE SECTIONS: ASTM A36 (Fy = 36 KSI)

OTHER SHAPES AND PLATES: ASTM A36 (Fy = 36 KSI)

HOLLOW STRUCTURAL SECTIONS: RECTANGULAR & SQUARE - ASTM A500 GRADE B (Fy = 46 KSI)

MACHINE BOLTS (M.B.): ASTM A307

HIGH-STRENGTH BOLTS: A325-ASTM F1852, A490-ASTM F2280

ANCHOR BOLTS (A.B.): ASTM A490, GRADE 36, UNLESS OTHERWISE NOTED
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Example Calc (FB4)

N\ FIRST FLOOR FRAMING PLAN

W 178" = 10"
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Project ID: 19051
ASD V7 StQEI Manual Project Name: ATC BLDG 2
h I Engineer: JAD
Structural Solutions shape only Date: 6/19/2020
| Beam # =|FB4 | [ shape [Wisx40 |
| Properties Geometry Elastic Properties
A 11.8  [in.A2 X-X Y-Y
d 17.9  |in. Iy 612 in.n4 I, 19.1 in.ng4
by 6.018 |in. Sy 68.4 |in.A3 S, 6.34 in.A3
ty 0.524 |in. ry 7.21 in. ry 1.27 in.
tw 0.316 _|in. Plastic Modulus
W(weight) 40 |#/re. z, [ 784 Jinn3 z, [ 994 inn3
rr 1.54
d/A ¢ 5.68 Torsional Constant Y
J 0.808_|in." |tr k1 lk
Compact Section Criteira Warping Consant r [
b./2t, 5.74 C, 1440 |in.”6
- - _ d  X—f—X T
d/tw 56.6 Material Property
F,” 52.9 |ksi E [ 29000 |ksi tw
F,” 20.6 |ksi Fy 36 ksi .
T
Note: | Input/ verify data in yellow box: | | be !k

4zA8Y-216-1.2° 409" LSIN/8Z09 01 /610°10p//:sd)Yy :woly abieyo jo aaly d|qe|ieAe s| uopealignd siy |
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Composite Beam AISC 7th Edition

L/BJ0"10p//:sdny :wo.y abieyd jo aal) ajge|ieAe si uoneolignd sy

g2/8Y-L16-12°d0O LSIN/8209

A

Note: The following calcultion is basic on the 'Steel Tips by Steel Committee of California" dated Jan 1987 and
Example 1 of Composite Design for building construction in AISC 7ed
Assumption:
Item Ribs Perpendicular Ribs Parallel
1. Concrete Area below Top of Neglect Include
deck
. 085 ,wry Hs wry  Hs
2. Stud Reduction Factor Wiz (ﬁ) * (Ff 1) |06 (E) * (F -1)
3. Maximum Stud Spacing 32in. Not Specified
4, Deck Welding 16in. Not Specified
5 Minimum Width of Rib 2in. Depends on Nr
Building info: Steel Concrete Deck
Beam Length 32 ft. Weight 145 pcf Depth hr 3 in.
Beam Spacing 8 ft. Thickness t 7.5 inches |Conc. thickness tc 4.5 in.
Fy 36 ksi f'c 3000 psi Stud Dia. 3/4 in.
E'c 3122 ksi Stud Height 4.5 in.
B4 0.85 Deck Orientation Perpendicular
Uniform Load Deflection Criteria
Dead Load 115[psf Dead Load _ [L/240 1.6[in.
Live Load 75|psf Live Load |L/360 1.1]in.
Roof Live Load 0|psf
Snow Load 0|psf
| Uniform Load W/ Combo |
|w(D+L+Lr or 5) [ 190| psf
Max Moment: kips-in
M(max Dead) 1413.12
M(Dead overwrite) 0]<--- input max Dead if you have uniform load only
M(Dead use) 1413.12
M(max uniform) 2334.72
M(max ovewrite) 0]<--- input max Uniform if you have uniform load only
M(max use) 2334.72
Max Shear kips
V(max Dead) 14.72
V(max uniform) 24.32
V(max ovewrite) 0]<--- input max Uniform if you have uniform load only
V(max use) 24.32
Solution
Summary:
W 18x40 |<--—- Change W shapes Partial Composite:
ASD Result: DCR
Concrete Stress 0.147 Result illustration:
Steel Stress 0.889 Beam Stud Camber
Dead Load A 0.770 1.2315(in. W 18x40 34 0.750
Live Load A 0.228 0.2434(in.
Shoring? Need Shoreing <----Check this o
# of studs 17|at each side of max moment 24.32
Camber= 0.750(in. Reaction |
Overall GOOD

24.32
Reaction
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[n=E/Ec 9

1. Effective Width :

L/4 96 in.

s 96 in.
16t+bf 126.0 |in.
Govern bgg: 96.0 in.

2. Required Section Moduli

ot

Ye

M(D+L+S), S, 98.3 in.A3
M(D only),Ss 59.5 in.A3
3. Composite design section properties
a. Moment of Inertia
AcL 432
Ac// 579.054
Ac=b(tc) 432 in.A2
A'c=Ac/n 48.00 |[in.A2
Ys=d/2 8.95 |in.
Yc=d+hr+tc/2 23.15 |[in.
Section: A Y AY d Ad”2 ly
W 18x40 11.8 8.95 105.6 11.40 1533.0 612.0
Concrete 48 23.15 1111 2.80 376.9 81.0
Sum 59.8 1216.8 1909.8 693.0
ly= 2602.85 in.A4
Yb= 20.35 [in.
b. Section Moduli
Partial Composite
Str= [ 127.92 in.A3 Seff= [ 1105 |[in.A3
St= | 51521 Jin.A3 lef= [ 2019.7 |in."4
4. Check Stress
a. Concrete
fc=M/n*St 0.1988 ksi < 1.35 oK
b. Steel
Total Load, Str= 110.5 ksi > 98.26262626 oK
Deadl Load,Ss= 68.4 ksi > 59.47 OK
Web shear,Fv= 4.300 ksi < 20 OK
5. Check Deflection
Ae Swir4  ML"2
T 384xEl 19201
AD= 1.231477 in.< 1.6 oK
AL= 0.243358 in.< 1.1 OK
6. Check if shore is required
Str max= 107.95 in.A3> 127.92 Need Shoreing
7. Shear Connection, Stud
a. Max Stud dia 1.31 in.> 0.75 oK
b. Hozizontal shear
Vh=0.85*f'c*Ac/2 550.8 kips Concrete
Vh=As*Fy/2 212.4 kips Steel <----- Govern
Reduction Factor
085 wr Hs wr Hs Stud Shear F'c(From AICS V7 Table 1.11.4) (ksi)
e () G2 1) or 06 (7)* G- =1 Connector 3000 3500 4000
(Nm) d d 05 5.1 55 5.9
Rfl= 0.567 0.625 8 8.6 9.2
Rf//= 1.000 0.75 11.5 12.5 13.3
RF use= 0.567 0.875 15.6 16.8 18
q per stud= 11.5000
q*Rf= 6.517
Number of Studs= 17 At each side of where max moment is
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Example Calc (C2)

W 1/8" = 10"
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Project ID: 19051
-: AISC Seventh Edition Column Design Wide Flange Member [ Project Name: ATC
Only Engineer: JAD
Structural Solutions Date: 5/13/2020
| Member # = [C2 at FDN | Shape  [W14x283 |
| Properties Geometry Elastic Properties
A 83.3 in.A2 X-X Y-Y
d 16.74  |in. 1, 3840 [in.”4 1, 1440 [in.~4
by 16.11  |in. S, 459 |in.A3 S, 179 |in.A3
tr 2.07 in. ry 6.79 |in r, 417 |in
ty 1.29 in. Plastic Modulus
W(weight) 283 #/ft. Z, | 542 Jinn3 z, 274 |in.3
rr 4.46
d/A ¢ 0.5 Torsional Constant
J [ 104 |inna Y
jtr k1 1k
Compact Section Criteira Warping Consant e
bs/2t; 3.9 C, [ - in."6 I_ -
F, - ksi
d/tw 13 Material Property
F,” - ksi E 29000 |ksi X—H—X T
F,” - ksi Fy 36 |ksi fw
1
Y e
bf
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Non-Composite Beam/Column Design AISC Seventh Edition

Building info:

Steel Properties Loading Excentricity on Column
Total Member Length = 19.25|ft. Dead Load (D)= 115(psf ex = 2|in
Beam Spacing (w) = offt. Live Load(L)= 240(psf ey= 1lin
Tributary Area to Col= 977|ft.A2 Roof Live Load(Lr)= 40| psf
K= 1 Snow Load(S)= 29.7psf
Unbraced Length = 19.75|ft.
Deflection Criteria
Total Load 1/360=| 0.64[in. |
Max Moment About Major Axis: | Max Moment About Minor Axis: |
MD(Max Dead)= 1543.6 kips-in MD(Max Dead)= 64.3 kips-in
MD(Dead Overwrite)= 0 kips-in MD(Dead Overwrite)= 0 kips-in
MD(Max Use)= 1543.6 kips-in MD(Max Use)= 64.3 kips-in
ML(Max Live)= 469 kips-in ML(Max Live)= 19.5 kips-in
ML(Live Overwrite)= 0 kips-in ML(Live Overwrite)= 0 kips-in
ML(Max Use)= 469 kips-in ML(Max Use)= 19.5 kips-in
M(Lr or S)(Max Live)= 78.2 kips-in M(Lr or S)(Max Live)= 3.3 kips-in
M(Lr or S)(Live Overwrite)= 0 kips-in M(Lr or S)(Live Overwrite)= 0 kips-in
M(Lr or S)(Max Use)= 78.2 kips-in M(Lr or S)(Max Use)= 3.3 kips-in
Mu=| 2090.8|kips-in Mu=| 87.1 [kips-in
Max Shear | Max Axial Load |
VD(Max Dead)= 0 kips PD(Max Dead)=  112.355 kips
VD(Dead Overwrite)= 0 kips PD(Dead Overwrite)= 771.8 kips
VMD(Max Use)= 0 kips PD(Max Use)= 771.8 kips
VL(Max Live)= 0 kips PL(Max Live)= 234.48 kips
VL(Live Overwrite)= 0 kips PL(Live Overwrite)= 0 kips
VL(Max Use)= 0 kips PL(Max Use)= 234.48 kips
V(Lr or S)(Max Live)= 0 kips P(Lr or S)(Max Live)= 39.08 kips
V(Lr or S)(Live Overwrite)= 0 kips P(Lr or S)(Live Overwrite)= 0 kips
V(Lr or S)(Max Use)= 0 kips P(Lr or S)(Max Use)= 39.08 kips
Vu=| Olkips P(E or W)= 0 kips
Pu=| 1045436|kips
Solution Summary:
Try LW 14x283 |<---- Change W shapes

Major Axis Beam Bending 18%

Beam Shear 0%

I Minor Axis Beam Bending 2%
Axial 70%

Deflection 0%

Combined Bending and Axial|  93%

Overall Check 93%
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Column Design AISC Seventh Edition

|Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A

Column Height= 19.25 ft
K= 1
KL= 19.25 ft
KL/r= 55.4
C, = \/ZnZE/Fy = 126
)
[1-~T51F
ifﬂ < C, thenF, = - 2c* 7Y Section 1.5.1.3.1
-
E 3 (T) — (&)3 /8C3
8 8C, r ¢
KL 12n%E
if 2 Ccthen Fy, = Xz Section 1.5.1.3.2
3(3)
Calculate Stresses in Column
| Axial Stress: fa:| Pu/A=|12.5 |ksi

Non-Composite Major Axis Beam Design AISC Seventh Edition

Note: All Equations in this section can be found in the AISC Seventh Edtion Appendix A
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Unbraced lenth (Lb)=

19.75 ft

Checks for Typical Major Bending Stress Equation

Non-Composite Minor Axis Beam Design AISC Seventh Edition

Equation