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Section I: Executive Summary

The city of Volga, lowa, requested designs for a project that would refit and repurpose the old
Volga Central Community School building on Cass Street in the eastern part of town. The
original three story concrete and brick school building was built in the early 1900’s with the
gymnasium being added on in the 1970’s. The gymnasium connects to the original building on
the first floor. However, the door connecting the two is currently sealed off. The building and
gymnasium feature approximately 20,000 square feet of space, the majority of which has been
left unoccupied since the school closed in 2005. The community of Volga is looking to update
the building with amenities that would benefit the residents of the town and the visitors coming
for recreation, celebrations, or other town events. The primary goals of the project were to
create a place in the community to serve as a coworking space where people could work to start
and grow their own businesses, a bed and breakfast for visitors coming for events, and a

general community gathering space for the city of Volga.

The building has a number of necessary repairs that must be completed before any other work
can be completed. These repairs include (1) removing hazardous materials, (2) repairing the
roof, and (3) fixing water damage caused by the leaky roof. The building contains features like
asbestos floor tiles that must be safely removed. Other materials like the old boilers and boiler
fuel tanks located on the first floor of the school building and underneath the stage of the
gymnasium will need to be cleaned, dismantled, and removed. There may also be lead paint
throughout the school building that must be removed. Where the roof of the gymnasium addition
meets the original school building is leaking and will need repairs. The roof of the school

building itself will also need to be checked as there was some water damage on the third floor.



Our design features four distinct areas: a revamped gymnasium, vibrant first floor community
area, modern second floor office space, and third floor bed and breakfast. Additionally, the

design features a new outdoor pavilion on the east side of the building overlooking the river.

In the gymnasium the existing bathrooms on the gym floor will be removed and two new
bathrooms will be added to the area behind the stage. The area behind the stage will also
feature new storage units for members of the community to use. The locker rooms beneath the
stage will be completely refurbished, with all new lockers, showers, and fixtures. These locker
rooms will be available to users of the gym and guests at the neighboring campground. The
gymnasium will also feature a refinished hardwood floor, new basketball hoops, and the
previously sealed off entrance to the school building will be reopened, providing direct access to

the first floor of the school.

The first floor of the school building will be updated with the new main entrance and lobby
relocated to the existing garage area. The main entrance had to be relocated in order to provide
ADA accessibility. The new main entrance will include three paved handicap parking spaces, all
new sidewalks, and a canopy covering the entrance to the building. The renovated first floor will
also feature a large new kitchen/dining area and laundry facilities for both guests of the bed and
breakfast and people throughout the Volga community. The existing kitchen will be removed
with two new handicap accessible bathrooms taking its place. Another key element is the new

community library as well as two new office and conference room spaces.

The office space continues into the second floor of the school. The space will contain both

individual offices and conference rooms. The office space is separated into two areas. One area



is to serve as a city hall for the town of Volga with office space for the mayor, city clerk, and
conference space for city council and town hall meetings. The second area will be designated
as a coworking space where people from Volga and neighboring communities can come to work

and grow their own startup businesses.

The third floor is dedicated solely to the bed and breakfast. The bed and breakfast will have six
rooms, four single rooms with queen beds and two double rooms with two beds, enabling it to
host up to fourteen guests at a time. It will also have a dedicated lounge area with couches,
televisions, pool table, and other amenities for guests to enjoy. The bed and breakfast will
include two unisex pod style bathrooms each containing a shower, vanity and toilet. To make all
floors of the building ADA accessible and in order to comply with fire safety code a new fire
escape and elevator shaft will be added to the southwest face of the building. While the third
floor will not have a kitchen itself, guests will be able to use the new kitchen and dining area on

the first floor of the building.

Proposed project phasing will help to break up the total cost of the project into more
manageable pieces. Phase 1 will include just the necessary repairs to the building. Early
estimates for just the necessary repair costs are $200,000 and could increase depending on the
extent of the damage throughout the building. Phase 2 of the project includes the construction of
the new main entrance, ADA parking, sidewalk, and the stairwell and elevator addition. Phase 2
is estimated to cost $198,500. Phases 3 includes the renovation of the second floor into office
spaces. Phase 3 is estimated to cost $154,500. Phase 4 sees the completion of the third floor
bed and breakfast and the first floor finished. Phase 4 is estimated to cost $275,000. Phase 5 is

saved for features that were deemed optional to the project such as the outdoor patio, new gym



floor, and kitchen relocation. Phase 5 is estimated at $217,500. Together with an additional 10%
for contingencies and 20% for engineering and administration costs, this yields a total project

cost of $1,360,000.



Section Il: Organization Qualifications and Experience

SBRT Consultants

Dallas Smith - Project Manager
dallas-smith@uiowa.edu

John Bermele - Report Production
john-bermele@uiowa.edu

Jason Taylor - Report Production
jason-talyor@uiowa.edu

Parker Rasmussen - Technology Support

parker-rasmussen@uiowa.edu

Section Ill: Design Services

Project Scope

The objective of this project was to rehabilitate the existing Volga Central Community School
building. Adding amenities that benefit residents of the community and visitors coming for
recreation, celebrations, or other town events would give the building a second life as an
integral part of the Volga community. The project’'s main design elements were updating the
gymnasium and locker rooms, a new entrance and community gathering space on the first floor,
providing office space for the city of Volga and other start-ups on the second floor, and a bed

and breakfast on the third floor.

SBRT Consultants provided professional engineering services for this project in architectural
design, structural design, civil site design, and M/E/P design. A new architectural layout for each

of the floors was designed, creating new rooms and repurposing others. For this project we also



successfully designed and incorporated new ADA accessible parking, a new main entrance, fire

escape, elevator, outdoor patio, and bathrooms throughout the building. Additionally, a complete

drawing set of our design was created along with a 3D model, design poster highlighting the key

features, and a complete cost estimate for the project.

Originally we had proposed completing two separate designs for the project with one design

being a cost effective option and the other an elaborate expensive option. However, as we

progressed through the design process we determined that it would be more efficient to just

have one overall design. Within this design we selected a number of features that could be

considered optional. The optional aspects of the design include resurfacing the gym floor,

relocating the kitchen on the first floor, and adding the outdoor patio. These elements were

selected because they provided an opportunity to save on the cost of the project while still being

able to accomplish the overall goals of the project.

Work Plan
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The work plan above was generated by estimating how long certain tasks would likely take to
complete and by identifying what tasks could be done simultaneously. For instance, the room
assignments probably won’t take as long as the structural analysis so it is only given a week.
The room assignment task is also done at the same time as the electric/plumbing layout

because both are related.



Section IV: Constraints, Challenges, Impacts

Constraints

There were two primary constraints on this project. The first of these constraints was the overall
budget of this project. The second was the current condition of the existing building. These two
constraints worked together. With the current state of the building a significant amount of money
is required to complete necessary repairs and remove hazardous materials to make the building
safe for construction and occupancy. These costly repairs could consume a large portion of the

budget and leave little money for incorporating other features of the design.

Challenges

The largest challenges within this project are safely disposing of the asbestos throughout the
building and other hazardous materials. Another challenge was meeting ADA compliance
throughout the building. With the current front entrance that leads to a split-level and an
unpaved parking lot, an alternative solution was needed to meet these standards. Fire and
safety exits were also a challenge. Currently the building only has one main staircase that flows
from the first to third floor and an outdated fire escape that is attached to the exterior of the
building. Modern fire code does not allow open exterior fire escapes so an additional emergency
exit was needed which was added on to the exterior of the building. We chose to add the fire
escape to the exterior of the building rather than the interior for two reasons. First to avoid
having to punch holes in the floor and affect the structural integrity of the building and to avoid

having to sacrifice internal floor space.



Societal Impact

This project has the potential to have a substantial impact on the community of Volga. On a
daily basis the updated building could impact the community recreationally, economically, and
culturally. With its close proximity to the camp grounds the site is able to provide a location for
showers and laundry to the users of the campgrounds. Users of the gymnasium would have
new locker rooms to use and safely store their possessions in. The coworking and office spaces
will provide opportunities for residents of Volga to start and grow their own businesses. The
space would provide a place for people in the community to meet and work outside of their
homes without having to pay for office space themselves and allows them to share resources
like printers, copiers, and other expensive items they could not otherwise afford themselves.
Additionally, the bed and breakfast portion would allow people from out of town to stay within
the city of Volga. The project would also provide the community with another gathering place
and a venue to host outdoor events. The outdoor pavilion could provide a place to host outdoor

weddings, live music, and other events and celebrations.

Section V: Alternative Solutions That Were Considered

At the beginning of this project our design team had thought to create two separate
designs to present. As we progressed through the design of the project however, it became
clear that several of the options we had originally considered as just part of the elaborate design
were actually essential in both designs. This led to us curtailing the cost effective design and
instead opting to focus solely on the elaborate design.

Throughout the main floor and gymnasium level several alternatives were considered.
One option had the current bathrooms on the gymnasium floor remaining where they are. This

option was rejected for a number of reasons. First by removing the bathrooms more space



would be opened up on the gymnasium floor for use. Additionally, by reopening the school
building there would be accessible bathrooms available for use. Another consideration was
renovating the old locker rooms underneath the stage. This was originally considered so that
they would be available for use to the neighboring campground users. We ultimately decided
against this because the showers that would be available in the bathrooms of the bed and

breakfast area.



Section VI: Final Design Details

In order to make the second and third floors ADA accessible and to provide an additional

fire escape for said floors, a stair with an elevator attached was designed. The elevator and stair
go to all three floors. To reduce cost, the elevator is hydraulic, which is all that is needed for a
short structure. In order to make room for people walking on the stairs and people going to the
elevator the landing on the elevator side was made wider than that for the treads. The same
was also done for the other sets of landings because there is a door going to the outside. This
made the stair shaft take up more space along the wall than initially anticipated but still not that
much. This is good because the goal of making this stair was to limit how much space it took up
so as little of the wall it connects to needed to be altered. However all the old foundation below
where the new footings for the CMU shaft will need to be excavated and removed. The new
footings do not need to connect to the old foundation however because of how high above the
new footings will be so as to put little surcharge loading. As far as the stair itself, it is designed in
very standard fashion. Dead load and live load on the stair walking surface are 30 psf and 100
psf respectively, and the guardrails are designed for 50 plf along the top rail. The framing
members and the guardrail members are analyzed for bending based on these loads. The
stringers frame into headers which bear in pockets in the walls of the shaft, as is typical for CMU
shaft stair framing. For economy, the roof deck is used for the landings. The guardrail posts use
high strength steel in order for them to be as small as possible so that they can be welded on
top of the smallest possible stringers.

In order to provide aesthetic appeal to the new entrance an aluminum canopy is
provided. It uses the cheapest available aluminum for economy. Most of the members are the
smallest possible except for the top members which need to be bigger to account for bending.

Assuming there are brick ties in the brick facade that the canopy attaches to, the canopy can



simply be attached to the facade, which makes the erection phase quicker. The canopy does
need a post in the front middle as well as the ends to accomodate for strength, but there is still
plenty of room to walk through.

The design of the paved handicap parking spaces satisfies the ADA Standards for
quantity and dimensions. The addition of these spaces allow for easier access for handicap
persons to the main entrance and the elevator shaft. The spaces are designed to fit a large size
vehicle, such as a van, and allow 3 feet of space on each side in between parking spots. The
ramps up to sidewalk level are appropriate slopes with detectable warnings for increased safety.
The north side of the parking lot will be lined with a 4-foot wide sidewalk and curb, and the rest
of it remaining gravel. The outdoor patio was a simple design, a 2000 square-foot patch of
permeable pavers that provides ample space for receptions, ceremonies, and community

get-togethers.



Section VII: Engineer’s Cost Estimate

Table 1: Cost estimate of proposed project phasing and overall cost.

Phase Amount Units Columnl Total Price

Phase 1 S 200,000.00

Phase 2 S 198,500.00

Phase 3 S 154,500.00

Phase 4 S 275,000.00

Phase 5 S 217,500.00

Construction Subtotal S 1,045,500.00

Contingencies 10% % S 105,000.00

Engineering and Administation 20% % S 209,500.00
Total Project Cost S 1,360,000.00 .
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2 March 2020 Jason E. Taylor CEE:4850
Senior Design

Stair Framing Calculations
Define Variables
1:=9.5 ft b:=3 ft+4 in by:=7 ft+10.5in g¢g:=13 in e:=1.51in h:=42 in
~v,:=490 pcf v.:=150 pcf LL:=100 psf  F,:=36 kst (2:=1.67 f,’:=1500 psi
Design Calculations
Dead Load
t:=2.25 in  Average landing slab thickness
DL:=~,-t=28.125 psf DL:=30 psf
Guardrail Dead Load
Wyggi=2.27 plf t:=1.66 in
d:=0.375 1 S,ie=3.5%n rise:=7  run:=11 c:= rise’ +run® =13.038

Skt ::% d*=0.114n*>  Lygei=h—2t—3 in—2 in=33.68 in

A

Vs Apicket ° Lpicket

DLT‘ail = 4 wHSS + = 12.697 plf SO DLT‘a’il = ].5 pl_f

Spicket
Stringer
wg:=10.6 plf  Zc=11.6 in®
1 1
wi=— b-DL+5 b LL+wg+ DL, ,;=242.267 plf
Rgi=— w-1=(1.151-10%) Ibf

M:==w-1*>=2.733 kip - ft

S Y

n

M,
M, =F,Z =348 kip - ft - =20.838 kip- ft

Use MC12x10.6 (A36)

Front Header

W:i=2b+g+2e=8ft
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U)FH:: 9.8 plf Z(EC:: 7-].9 ins

1 1
wi=— bQ-DLJrZ by« LL +wpy; =265.738 plf

RFH::% w-W+2 Rg=(3.364-10°) Ibf

1 1 1 .
M::RFH. (é W)—Rs'(% W—e)—Rs' (5 g)—’l.U'E W'Z W =6.249 k’&p‘ft

n

M, :=F,Z,,=21.57 kip- ft 5 12.916 kip-ft

7x9.8 (A
Intermediate Header
w=8.2 plf  Z,:=5.16 in®

1 1
wi=—- by DL+ by LL 4wy =520.075 plf

RIH::% w-W=(2.08:10°) Ibf

M::% w-W? =4.161 kip - ft

n

M .
M, :=F,Z,,=15.48 kip- ft 5 9-269 kip-ft

x8.2 (A
Rear Header
Wry =82 plf  Z,»=5.16 in®

1 1
wi= by DL+ bye LL+wpy=264.138 plf

RRH::% wW=(1.057-10%) Ibf

1 .
M::g w-W?=2.113 kip - ft

n

M .
M, :=F,Z,,=15.48 kip- ft 5T 9-269 kip-ft

x8.2 (A
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Front Header Bearing Check and Bearing Plate Design

) ) 3 . ! . .
by=4in l,=41in tpzzg n R,;=0.25 f,'+b,-1,=6 kip  Rpy=3.364 kip

rdrail Calculation
Define Variables
s:=3 ft+7in  E:=29000 ksi
Design Calculations
Guardrail Post and Top, Bottom, and Handrails By Extension

F,:=50 ksi  Z,y55:=0.305 in’

=1"%¢ _0.636 ci=\rise? +run® =13.038

run

P:=max (50 plf-s,200 Ibf)=200 Ibf

S

1 . .
M::P-(h—g t—2 zn):0.653 kip- ft
] M, :
M, =FyZoss=1.2T1 kip-ft  ——>=0.761 kip-ft

HSS1. x0.140 (A -HSLA-
assumed weld

Guardrail Post Weld dimensions

3 . . ]
t::E n dyssi=1.66 in F,:=70 kst

Z,=— |(dyss+2 0.707 t) —(d =0.427 in
6 ( HSS > < HSS>
Mn::% F,+Z,=0.747 kip - ft M=0.653 kip - ft

Use 3/16" Weld (E70XX)

Stringer Web Weak Axis Bending

Assuming 40" of Web Resist Bending b,=401in  F,:=36 ksi

t,:=0.19 in Z,=—by-t,” =0.361 in®

w

1
4



2 March 2020 Jason E. Taylor

CEE:4850
Senior Design
] M, . .
M, =F,-Z,=1.083 kip-ft = =0.649 kip-ft M=0.653 kip-ft
Picket
| 1 . 4\ -
F, =36 ksi Zi=— d*=0.009 in® I:=——d"'=(9.707-10"") in’
¥ 6 64
Spicket
P:=50 Ibf - 2= =14.583 Ibf
12 n
1 ] . M, .
M= P Ly =0.01 kip-ft M, :=F,-Z=0.026 kip-ft o-=0-016 kip - ft
P'Lpicket3 . . .
A= =04121  dypening=Spicket —d+2 A=3.95in < 4in
48-F -1

" Dia. Round Bars (A

Handrail Bracket

d::%in ci=2.54n  M:=200 Ibf-c=0.042 kip- ft

1 5 . M, .
M, :=F,- 5 d’ [=0.122 kip - ft = =0.073 kip- ft
" Dia. Round Bars (A
Handrail Bracket Weld
3 . ]
t:=——in F,:=70 kst
16
z,= ((@ (@) =0077 in’
2i=— \(d+2 0.707 t) —(d)’)=0.077 in
6
Mn::% F,-Z,=0.134 kip - ft M=0.042 kip- ft

Use 3/16" Weld (E70XX)

stress analysis

using area
Wall Rail Attachment transformation
. v 2 .
dbp:: 2.75 1n Seq = Z dbp =2.437 1n fc
S M 4 | .
= ;q =0.812 in C:=—=615.48 Ibf f.:= 621 =414.494 psi F,:=0.7 f,'=1050 psi
C

Seq

T:=C=615.48 Ibf T, =780 Ibf
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Tr nd Riser Pl Iculation {10 -
The tread and riser plate is
analyzed for one foot of load
but to avoid slenderness the
Define Variables flanges are kept to 1 inch

Fy =36 kst t:=0.0598 in turn:=11in P;;:=300 Ibf
Design Calculations

wi=1 ft-DL+1 ft-LL=130 plf

1 . 1 1 .

M::g w+b* =0.181 kip - ft M::Z PLL-b+g (1 ft-DL)-b*>=0.292 kip- ft
2
31 5€ 1 .
I:c‘:1—12 t-(rise-in+t) +E (turn—t)-t3 +2 (turn—t)-t-(w) =3.131 in*
21

S,=——= =0.887 in®

rise-in +t

M,
M, :=F,-S,=2.661 kip- ft 5 =1.593 kip- ft
LL-1 ft)-b" : b :
App= 5 ) =0.003059 in ——=0.04 2n
384-FE-1, 1000

16- 1 Pl A

Landing Deck Design
TL:=DL+ LL=130 psf b=3.333 ft Vulcraft: span: 4' 10" TL=131.6 psf
Use 1.5B20 Deck with 1.5" Concrete Topping
Elevator Hoist Beam Design
Define Variables
W:=4650 Ibf A:=7 ft+4in B:=6 ft+0in F,:=50 ksi
Design Calculations

1 . .
V::% W =2.325 kip M::Z W.B=6.975 kip-ft  Z,:=5.73 in®

Mn
M, :=F,Z,=23.875 kip-ft = —--=14.296 kip-ft

W6x8.5 (A992
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Elevator Pit S| rength
Define Variables
B:=8 ft+8 in L:=10 ft H:=40 ft+2in  weyi=58 psf
V=145 pef  t=1ft A,;:=02in* dy:=051in f/=4ksi  f,:=60 ksi

Design Calculations

P,

w

all_siab=WenuH+(2 (B=2 ft)+2 (L—2 ft))+v,-t-B-L=80.904 kip
P

wall_slab

Dsiap = ﬁ =0.934 ksf

2

M ::% (1.2 0.50 pyqp) (L—2 ft) =4.481 kip

u

A;=2.4,=04 in’

S

d:i=t—2 in—1.5 d,=9.25 in
ftod

=0.0036 > p,,;,:=0.0018

A

0.85-f./:0.85-1 ft
7 / (3 d):2.005 in?

s_tensioncontrolled = f
Y

A .
a::s—fy:O.588 in
0.85 f./+1 ft
¢Mn::0.9-AS-fy-(d—%):l&l kip - ft

Elevator Pit Slab Bearin i
Define Variables
c':=0 psf ¢':=30° ~:=120 pcf FS,:=3 Dy=12 ft

Design Calculations

2

N, :=exp(m tan(¢’))-(tan 45 °+% ) =18.401

= M —30.14
tan (¢’)

N,:=2 (N +1) tan(¢')=22.402
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s.=14|— —q)=1.529
L C

S,=14+|— tan(qb/):lf)
5,:=1—-0.4 (E):0.653

L
d,:==1+0.4 _f):1.554

D
d,=1+2 —f) tan (¢') (1—sin(q§’))2 =1.4
d,:=1

qs="+Dy=1440 psf

Q=€+ N+ (8.0 de) +qs Ny+ (84°dg) +0.5 v+ BN, (s, +d ) =63258 psf

P,:=q,'+B-L=5482.346 kip

n

P
FS

a

q

=1827.449 k’l;p Pwall_slab:80‘904 kZp

CEE:4850
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Dead L Iculation

Calculated later
Live L Iculation

Pifioor =50 psf

now L Iculation
Define Variables

py:=30 psf

C.:=0.9

C;=1.0

I.:=1.0

Design Calculations

Balanced Load

Jason E. Taylor
Senior Design

plTOOf =20 psf

Ground snow load for Volga, 1A

Exposure factor for surface roughness category B, fully exposed

Thermal factor

Importance factor for risk category II

pp=0.7.C,-Cy-1,-p,=18.9 psf

CEE:4850
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Wind L Iculation
Define Variables
V:=110 mph (b/c Cat. II)

Kd::0.85 K

:=1.0

2,=900 ft ~@:=9.5 (Exposure Class C, Surface Roughness B)
z15:=15 ft  2;4:=16 ft  297:=2T7 ft  z,:=27 ft

B:=61ft  L:=68 ft H:=27 ft

b,:=3 ft l,:=7.5 ft

Design Calculations

%9
—0.0000362 « —

K, =e¢ 7 =0.968
2 2
2151 216)”
K15::2.01-(—) =0.849 Kw::2.01-(—) =0.86
Zg Zg
2 2
K27::2.01-(—) ~0.961 Kh::2.01-( ) =0.961
Zg g
15 = 0.00256 psf2 KooK, Ky K,V =21.634 psf
mph
1= 0.00256 psf2 KoK, Ky K,V =21.93 psf
mph
Gy +=0.00256 psf2 Koy K, K, K, V* =24.484 psf
mph
g5,:=0.00256 psf2 K, KK, K, V> =24.484 psf
mph
G:=0.85

Check North wall for partial enclosure classification:
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A,i=31:b,-1,=697.5 ft* A =L.H=1836 ft’

A,;:=45 b,-1,=1012.5 ft* A,:=(2 B+L) H=5130 ft’

(212

A,>08A,=0 A,>11.A,=0 A, >min(4 ft>,0.01 A )=1 <0.20=1
gl
Therefore, building is partially open GC);:=0.18
East-West Wind Pressures
L
E =1.115 Cp_windward =0.8 Cp_leeward_EastWest =—0.5

DP15_windward_Eastwest ‘= d15* G- Cp_windward —dqp-* Gsz =10.304 psf
P16 _windward_EastWest *= 416 * G- Cp_windward —dqp- Gsz =10.505 psf
Dor windward,_Eastwest = 927°* G * Cy windwara— n* GCp;=12.242 psf
DPiceward_EastWest ‘= dn* G- Cp_leewa’r‘d_EastWest —dgp* Gsz =—14.813 psf
b 15_net_FastWest =p 15_windward_FEastWest — Y leeward_EastWest — 25.117 ps.f
p 16_net_FastWest =p 16_windward_FEastWest — b leeward_EastWest — 25.318 ps.f

b 27_net_FastWest =p 27_windward_FEastWest — Y leeward_EastWest — 27.055 ps.f

North-South Wind Pressures

B
f =0.897 Cp_leeward_Nm"thSouth :=—0.5

Pieeward_NorthSouth *=4dh* G- Cp_leewaTd_NOTthSouth —dqp- chz =-—14.813 ps.f

Windward East-West pressures are same as
windward North-South pressures.

b 15_net_NorthSouth =p 15_windward_EastWest — Y leeward_NorthSouth — 25.117 psf
p 16_net_NorthSouth =p 16_windward_EastWest — b leeward_NorthSouth — 25.318 ps.f

Do 7_net_NorthSouth =P 27_windward_FEastWest — Y leeward_NorthSouth — 27.055 psf
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Define Variables
b:=20 in A,:=0.6 in’ J/=3000 psi  f,:=40 ksi  P.:=178 kip M :=16 kip-ft
Design Calculations

A,:=b* =400 in’ Ay=8 A;=4.81in> A,=A,—A,=3952in’
¢P,,:=0.8-0.65 (0.85 f./- A+ f,*Ay) =624 kip P, :=¢P,=623.9 kip M,,:=0 kip- ft
lumn Bending and Axial Interaction Calculation
Define Variables
f./:==3000 psi  f,:=40000 psi E,:=29000 ksi €.,:=0.003
h:=20 in c.:=1.5in ds::%in d;:=0.875in  A,:=0.6 in”

Design Calculations

F,,:=0.85 f./-h® =1020 kip yd::%: 10 in

d:= cc+ds+%:2.313 in 5=t =2d 7 683 in
Fy:=(f,—0.85 f.)+3 A;=67 kip Yg:=d'=2.313 in
Fy:=(f,—0.85 f.)+2 A;=45 kip Ygoi=d'+5=10 in
Fg:=(f,—0.85 f.)+3 A;=67 kip Ygi=d'+2 s=17.69 in
gy Fooya+Faya+FoYo+tFgygs ~10 in

Fcl+Fsl+Fs2+F53
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Eg° h_gcu'ysl

ESI:ZO Egi= h " :—3.922'10_4
—Ys1
. h
ci=—=  —17.688in a:=0.85 c=15.034 in
8cu_go

XF,:=0.85 f./-a-h="766.8 kip M, ::EFC-(h—g—yp):ISS.G kip - ft

h—
&y ~Iv _ 0001379 €= —ecu-M: -3.922.107*
E, c
h—y 1 Yy 1 _ h_y 2 Yy 2
Ea=g0—p d +scu-TS:—5.421-10 20 gni=gye = P +scu-TS:0.001
h—yg Yss
Ea=E0"— s +scu-Ts:0.002608
fai=€gq-E,=0 psi fei=€4n-E,—0.85 f./=35263 psi

fa=f,—0.85 f./'=37450 psi fu=f,—0.85 f./'=37450 psi
Foi=fq+3A;,=—2.83-10"" kip F,:=f,-2 A,=42.315 kip
Foai=fg+3 A, =67.41 kip

YF,:=F,+F,+F;=109.725 kip

P,:=XF,+XF,=876.5 kip

M, :=Fg- <y51 _yp> +Fge <ys2_yp> +Fg- <ys3_yp> +M,,=201.8 kip- fi
¢:=0.65=0.65

P,

r

0i=¢+P,=569.7 kip M,,:=¢-M,=131.2 kip-ft

— Esh—e .
eslzzﬁ:—o.om £oi=—t ce’¥s1 __0.002

E, h—ygq

-h
ci=———=12.117in a:=0.85 ¢=10.299 in
Ecu—Ep
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SF.:=0.85 f/-a-h=525.3 kip M., ::EFC-(h—%—pr:212.3 kip - ft

h—
5ty::£:0.001379 €0 =—Eq* ( C) =-0.002
E, c
h—y 1 Ys1 h_y 2 Ys2 —
Ea=E0—p £ +6CU-TS=—0-001 Ea=c0—p £ +scu-TS=5.241-10 4
h—
£,i=Ege hy33+scu-%:o.oo2427
fo1:=€41 - Es=—40000 psi foi=€gE,=15198 psi
fi=Ff,—0.85 f.'=37450 psi
F.Sl ::fslo?) A7:—72 k’l:p F82 ::f82.2 A7: 18.237 kip

Fy:i=f4+3 A;=67.41 kip

SF, = Fy +F o+ Fy=13.647 kip

P, :=XF +XF,=538.9 kip

M, :=Fg- <ysl_yp> +Fge <ys2_yp> +Fge <y83_y1’> +M, =301.6 kip- ft

$:=0.65+0.25 abs(ea) —€y) 0.65
0.003

Pi=¢-P,=350.3 kip M,:=¢p-M, =196.1 kip-ft
Eqrh—¢e .
£,:=—0.005  gyi=—" Y51 _0.006
h‘_ysl
scu'h . .
ci=— _ —6.633in a:=0.85 c=5.638 in
Ecu—Ep

YF,:=0.85 f./-a-h=287.5 kip M, ::EFC-(h—g—yp):ln.l kip - ft

h—
ety::£=0.001379 £yi= —eCU-M:—O.OOG
E, c
h— h—
=gy I e I _0.005 =gy 2 e U2 0002

h h h
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h—
€=y hy33+scu-%:o.001954
fo:=—f,=—40000 psi fso=—f,=—40000 psi

Js3:=f,—0.85 f.'=37450 psi

Fo=fa+3 A;==T72 kip Fo=fn2 A;=—48 kip
Fg:=f53+3 A;,=67.41 kip

YF:=F,+F,+F;3=-52.59 kip

P, :=XF.+XF,=234.9 kip

M, :=Fg- <ysl—yp> +Fge <y52—yp> +Fg3e <ys3—yp> +M,.,=261.4 kip-ft

$:=0.90=0.9
P,=¢.-P,=211.4kip M, :=¢-M,=235.2 kip-ft
gq°h—¢,. -
€4,:=—0.02 £oi=—2 ¥ 0.023
h‘_ysl
scu'h . .
ci=——=2.307 in a:=0.85 c=1.961 in
Ew—E0

YF,:=0.85 f./-a-h=100 kip = M, ,:=XF,- (h—%—yp):75.2 kip - ft

h—
5ty::£:0.001379 Egi= —ECU-M:—O.OZ?)
E, c
h—y 1 Ys1 h_y 2 Ys2
651 :50 h d +ECU.T'S:_O'O2 652::50' h d +Ecu'_s:_0-0]_
h—ygs Ys3
Ea=E0"— s +scu-%:—0.000007
fo:=—f,=—40000 psi fs2=—f,=—40000 psi

f33:2583'Es:_205 pS’L
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Fo=fu+3 A;==72 kip Foi=fp+2 A;=—48 kip

Fgi=f-3 A,=—0.369 kip

SF, = Fy +Foy+Fg=—120.369 kip

P, =5F,+5F,=—20.4 kip

M, :=F- <y51 _yp> +Fg- <ys2_yp> +Fg- <ys3_yp> +M,=121.1 kip - ft
$:=0.9=0.9

P,yi=¢-P,=—18.3 kip M,5:=cp- M, =109 kip- ft

630
560 x
190

120

50 .
- P ()
. x P,, (kip)
T > Py (kip)
] | P,, (kip)
M, (k'fp~ft) P, (kip)
o Uter ) P, (kip)
M,; (kip-ft)
M, (kip-ft)
M,s (kip-ft)
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Beam Shear Design

Define Variables
b, =20 in h:=30 in
Ay:=0.79 in’

Design Calculations
di=h—c=27511n

Ay
=0.006

Puyi=

w

A,i=b,-h=600 in’

oV,.:=0.75 min|5 X-+\/f, -

A,:=2 A,=0.4 in’
Vu_¢Vc

¢:=0.75

%

srequired "™

=37.558 kip

d ;
Smaz=Ay* fyt* =11.715 in

srequired

c:=2.51n

f/:==3000 psi  A:=1

h,:=6 in

A,:=0.2 in”

Vibf R
in ,8')\'<pw> -\/E-T+m@n

Foui=f,=40 ks

N,:=4 kip

CEE:4850

V,:=61 kip

0.05-f. N b,-d=32.8 ki
. *Je T w* &= . T
6 A, P
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Beam Moment Design

Define Variables
b,:=20in  h:=301in Ysi=2.5in  hg:=61in M, :=252 kip - ft
Ay:=0.79 in>  f/:=3000 psi A=1 A,=0.21in"

Design Calculations

A;=4-A,=3.16 in’

S

d:i=h—y,=27.5 in —=0.00575 > p,5,:=0.0018

w

0.85-£./-0.85+b, (3 d .
As_tensioncontrolled = ¢ 2 ( =11.176 'm2
fy
A .
a=:S—fy:2.478 n
0.85 f,/~b,,

¢M,:=0.9+A,- - (d—%) =249 kip - ft
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Senior Design

l hear Design

Foot worth of slab

it

Define Variables

b,=20in  h:=301n c:=11in

Ay:=0.2 in’ f./:=3000 psi  A\:=1

Design Calculations

d:=h,—c=51in

A,
1ft-d

A,=1 ft-h,=72 in’

=0.007

Pu

$V.=0.75 min|5 Ay LB 83 (o)
m

Slab Moment Design

Define Variables

b,=20in  h:=301n ysi=11in

Ay:=0.2 in’ f./:=3000 psi  A\:=1

Design Calculations
A:=2-A,=04 in”

S

d:=h,—y,=51in

1 —
°. \/fc/°.l—hf+min
m

1ft-d

h,:=6 in N,=0kip V,=1.563 kip

A;:=0.2 in”

N
0.05-f.),——|| 1 ft-d=3.7 ki
f GAQJ] f i

h,:=6 in M, :=4.345 kip - ft

A,:=0.2 in”

=0.00667> p,),;,:=0.0018
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A

0.85-1./-0.85-1 ft
fe f (Bd):1.219in2

s_tensioncontrolled = f
Y

As'fy

a=——>"Y _—0.523 in
0.85 f/+1 ft

GM,:=0.9- A, f,- (d—%) =5.7 kip- ft

CEE:4850
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Wind L hear, Axial For nd Momen Icul ing P | Meth

Define Variables
Dp,:=25.117 psf p,:=27.055 psf h:=11 ft u:=6 ft
s;:=15 ft S9:=15 ft s5:=15 ft s,:=15 ft
L,:=24 ft  L,:=16 ft  L;:=28 ft

Design Calculations

East-West Wind

wy=p;+(h—u+0.5 h)=263.729 plf  w,:=p,+(0.5 h)+p,-(0.5 h)=286.946 plf
wy:=p,+(0.5 h)=148.803 plf Ys:=8)+8y+83+5,=60 ft

b ] b | b .
P, ::w1-?823.165 kip P, ::wQ-?S=3.443 kip P, ::w3-?821.786 kip
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Solve€onst@ierts Values

Constr@irdss Values

Solver

Constr@irdss Values

Solver

Constr@irdss Values

Solver

Jason E. Taylor
Senior Design

Va=1kip V:=1kip V:=1kip V_:=1kip

0 klp =P3 + Vcl + VcZ + Vc3 + Vc4 V62 =2 Vcl VCS =2 Vc4 Vc4 = Vcl

v, —0.298

V., —0.595 .
Vc3 :=find <V51 ) Vc2 ’ VC3 ? VC4> = —0.595 kzp
ut —0.298

c4

Vbl ::]. kip Fcl ::1 kip Fbl ::1 kip MCI ::1 kip'ft Mbl ::1 kip'ft
0 kip=V,  +Fy +P; 0 kip=F,+V}, 0 kip- ft=My +M,,

Mcl =0.5 h Vcl Mbl =0.5 Ll Vbl

[V, | 0.136

Fe. —0.136

Fyy |:=find (Vi , Foy, Fyy , My, Myy) = | —1.488 kip
M, —1.637 ft
My, | 1.637 ft

Vb2 ::]. kip F02 ::1 kip Fb2 ::1 kip M02 ::1 kip'ft Mb2 ::1 kip'ft
0 kip=V o+ Fp—Fy 0 kip=F,+Vy—Vy, 0 kip« ft=Myy+M .o+ My,

MCZ =0.5 h VCZ sz =0.5 LQ Vb2

[ Vs | 0.205

Fe —0.068

Fb2 = fiIld <Vb2 ?FCQ ,sz 7MC2 ’ Mb2> = _0.893 kip
M., —-3.274 ft
_sz_ 1.637 ft

0 kip=V03+Fb3_Fb2 0 kip=F63+Vb3—Vb2 0 klp'ft =Mb3+Mc3+Mb2

Mc3 =0.5 h Vc3 Mb3 =0.5 L3 VbS

[ Vi3 | 0.117

Fe 0.088

Fb3 = fiIld <Vb3 7FC3 ,Fb3 7MC3 ,Mb3> = _0-298 kip
M., —3.274 ft
_Mb3_ 1.637 ft

CEE:4850
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Solve€onst@irts Values Sdloest@aiess Values

Constr@irdss Values

Solver

Constr@irdss Values

Solver

Jason E. Taylor
Senior Design

F,=1kip M,:=1kip-ft

0 kip=F,,—Vy M

C

4=0.5 h VC4

0.117

Fc4 0 —
[M l._flnd <FC4,MC4>_[_1.637 fi

c4

] kip

CEE:4850

Vii=1kip V:=1kip V.:=1kip V_:=1Ekip

0 kip=P2+P3+Vc5+V06+Vc7+VCS VCG=2 Vc5 ch7=2 VCS V08=Vc5

Vies —0.871

Ves —1.743 | , .

Vc7 = find <VC5 9 VCG ) VC7 ) VCS> = _1.743 kzp

Vs —0.871
Viy=1kip F.:=1kip Fy:=1kip M, :=1kip-ft M,,:=1 kip-ft
0 kip=V 5+ Fp+Py,—V, 0kip=F+Vy—F,4 0kip-ft=My+M+M,,
M05 - 05 h Vc5 Mb4 - 05 Ll Vb4

Vs 0.536

Fes —0.672

Fyy |:=find (Vi , Fo5, Fyy, M5, My,) =| —2.869 | kip

M, —4.793 ft

M, 6.43 ft

0 kip=V 5+ Fps—Fpy—Vio 0 kip=F 4+ V=V —F

M. =0.5h Vg Mys=0.5 Ly V5 0 kipeft=Mps+ M c+M,y,
Vs 0.395
F 0.073
Fys |:=find (Viys, Fog, Fy5, Mg, Mys) =| =1.722 | kip
M, —9.586 ft
My | 3.156 ft
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E Viei=1kip F.:=1kip Fy:=1kip M, :=1Ekip-ft Mys:=1 kip - ft
g L
é 0 kip=V 1+ Fpg—Fys—V3 0 kip=F;+Vye—Vys—F3
Sl Mg;=05hV,;  Myg=0.5 Ly Vi 0 kip- ft =Mys+M;+M,;
[ Vi | 0.459
. F.; 0.023
Q . I
2| | Fug |=find (Vig, Fer, g, M7, Myg) = | =0.574 | kip
< M, —9.586 ft
| My 6.43 ft

F=1kip M,:=1kip-ft

0 kip=Fg—Viys—F M=0.5h Vg
P, 1z 0.576 ;
[Mcsl :=find <F587Mc8> = [—4.793 ft] “

ch = ]. kip VClO = 1 kip Vcll = 1 kip Vclz = 1 kip

0 kip=P1+Py+P3+V g+ V 0+ Vo1t VeadVeo=2 Vg Va1 =2 Ve Via=Vy

Solve€onst@irts Values Sdloeist@iess Values

Ve —1.399

Vv —2.798 | , ..

Vj? :=find <Vc9?V0107V0117V012> =l _2.798 kip

V.o ~1.399
E Vi;i=1kip F.:=1kip Fy;:=1kip M,:=1Ekip-ft My,:=1 kip - ft
g L
é 0 kip=V, g+Fy;+P,—V. 0kip=F,+Vy;—F, 0kip-ft=M;+M_q+M,
S My=05hV,y  My=05L Vi

[ Vi | 1.041
. Fey -1.713
(Y] . .
= Fy |:=find (Vy, Frg, Fiy7, Mg, Myy) = =2.637 | kip
21 My, ~7.694 ft

M, | 12.487 ft
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g Visi=lkip F.o=1kip Fu=1kip M, =1kip-ft My:=1kip-ft
]l
é 0kip=Vg+Fys—Fyy—Veg  0kip=F 0+ Viyg—Viyr—Feg
Sl Mgp=05hV,, Myg=0.51L, Vg 0 kip.ft=Myg+M_ o+M,,;
Vis 0.363
= Fei 0.751
(Y] .
= Fys |:=find <Vb87F010’Fb87M0107Mb8>: —1.582 kip
v M, —15.388 ft
My 2.901 ft
g Viei=lkip F.,=1kip F,=1kip M, :=1kip-ft My:=1kip-ft
]l
é 0kip=V1+Fy—Fy—Ve  0kip=F 1+Vyy—Viyg—Fe;
Sl Mg=05hVy, My=0.5 Ly Vi 0 kip-ft=Myg+M,q;+Myg
Vg 0.892
- Fe —0.506
(Y] .
= Fyy |:=find <Vb9 s Fer1s Fog, Mgy, Mb9> =| —0.527 kip
v M., —15.388 ft
M, 12.487 ft
g Foo:=1kip M_,:=1Fkip-ft
g L
ar :
-:Ef O kip=F15—Viyy—Fi M.,3=0.5hV,,
§ Fe 1.468 )
=find (F 5, M ,) = k
g Mm] ind (Feiz, Mers) [—7.694 ft

V,,=—0.298 kip V_=-0.595 kip  V,;=—0.595 kip  V,,=—0.298 kip
Vis=—0871kip V,=—-1T43kip V_,=-1.743kip V_=-0.871 kip
V,=—1.399 kip V,,=—2.798 kip V,,=—2.798 kip V. 1,=—1.399 kip

Vy=0.136 kip  V,,,=0.205 kip  V,3=0.117 kip

Vyy=0.536 kip  V,:=0.395 kip  V,5=0.459 kip

Viyy=1.041 kip  V3g=0.363 kip  V,,=0.892 kip

F.,=-0.136 kip F.,=—0.068 kip F,=0.088 kip  F,,=0.117 kip
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F,=—0.672 kip F.,,=0073kip F,=0.023 kip  F.=0.576 kip

Fo=—1.713 kip F,,,=0.751 kip  F,,=—0.506 kip F,.,=1.468 kip
F, =—1.488 kip  F,,=—0.893 kip  F,3=—0.298 kip
F,,=—2.869 kip F,;=—1.722 kip  F,q=—0.574 kip

F;=—2.637 kip  Fyy=—1.582 kip  Fyy=—0.527 kip

M, =—1.637 kip-ft M,,=—3.274 kip-ft M,=—3.274 kip-ft M,,=—1.637 kip-ft

M, =—4.793 kip-ft M,,=—9.586 kip-ft M, =-9.586 kip+ft M4=—4.793 kip-ft

M09:_7-694 kip'ft M010:_15-388 kip'ftMC11:_15-388 kip'ftM012:_7.694 kip'ft

My, =1.637 kip-ft ~ M,,=1.637 kip-ft  M,;=1.637 kip-ft

My, =6.43 kip-ft ~ M,;=3.156 kip-ft  M,;=6.43 kip- ft

My;=12.487 kip-ft M,g=2.901 kip-ft =~ M,,=12.487 kip - ft
P, :=max (abs (F,) ,abs (F) ,abs (F,) ,abs (F,,) ,abs (F.) ,abs (F ) ,abs (F.;) ,abs (Fg) , abs (F )
Vo= =min (Vi ,Vis, Vs Vess Ves s Veos Vers Ves s Veg s Veros Verr s Ver) =2.798 kip
M, :=—min (M ,M, M3, My, Mg, Mg, M7, Mg, Mg, Mg, My, M,2) =15.388 kip - ft
Py:=max (abs (Fy,) ,abs (Fyy) ,abs (Fy) ,abs (Fy,) ,abs (Fys) ,abs (Fyg) , abs (Fyr) , abs (Fys) , abs (Fy)
Vy:=max (abs (Vi) ,abs (Vi) ,abs (Vi) ,abs (Vi) ;abs (Vi) ,abs (Vi) ,abs (Vi) ,abs (Vis) ,abs (V,

M, :=max <abs <Mb1> ,abs <Mb2> ,abs (Mb3> ,abs (Mb4> ,abs <Mb5> ,abs <Mb6> ,abs <Mb7> ,abs (Mb8> ,ak
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North-South Wind

Solvefonst@ierts Values

Constr@irdss Values

Solver

CEE:4850

wyi=p;+(h—u+0.5 h)=263.729 plf  w,:=p,+(0.5 h)+p,-(0.5 h)=286.946 plf

wy:=p,+(0.5 h)=148.803 plf YL:=L,+Ly,+L;=68 ft

YL . YL . YL .

Va=1kip V:=1kip V:=1kip V,:=1kip V_:=1kip

(_) kip=P3+Vcl+V02+Vc3+vc4+VC5V02=2 Vcl V03=2 Vcl Vc4=2 Vcl Vc5=Vc1

Va —0.316
Vo —0.632
Vc3 = ﬁnd <Vcl 5 ch ) Vc3 s Vieds Vc5> = —0.632 kip
V., —0.632
Vs | —0.316

Vbl = ]. kip Fcl = ]. kip Fbl = ]. kip Mcl = 1 kip 'ft Mbl = 1 kip 'ft

0 kip=V  +Fy +P; 0 kip=F_+V 0 kip- ft=My +M,,

Mcl =0.5h Vcl Mbl =0.5 S1 Vbl

[ Vi | 0.232

F —0.232

Fy, |:=find <Vb17Fc1’Fb17Mc1’Mbl>: —2.213 kip
M, —1.739 ft
0, | 1.739 ft
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Vb2 = ]. kip F02 = ]. kip Fb2 = ]. kip MCZ = 1 kip 'ft

0 kip=V o+ Fp—Fy 0 kip=F,+ V=V, 0 kip« ft =Myy+M .o+ My,

M

FcZ
Fb2
Mc2

_Vb2_

.Mb2 -

2= 0.5 h VCZ sz =0.5 So Vb2

0.232
3.695.107"
i=find (Vyy, Feps Fya s Mey, Myg) =| —1.581 kip
—3.478 ft
1.739 ft

0 kip=V03+Fb3_Fb2 0 kip=Fc3+Vb3—Vb2 0 klp'ft =Mb3+Mc3+Mb2

M

C

Fc3
Fb3
Mc3

-Vb3-

.Mb3 -

3= 0.5 h Vc3 Mb3= 0.5 S3 Vb3

0.232
3.767.107"°
i=find (Viy, Feg, Fyg s Mg, Myz) = | —0.949 kip
—3.478 ft
1.739 ft

Viy=1lkip F,:=1kip Fy:=1kip M_,:=1kip-ft

0 kip=V 4+ Fy —Fy3 0 kip=F 4+ Vi — Vi3 0 kip-ft=My,+M 4+ My

M

Fc4
Fb4
Mc4

-Vb4-

.Mb4 -

c4= 0.5 h Vc4 Mb4= 0.5 S4 Vb4

0.232
3.754.107"°
i=find (Vi Fegs Fpgs Moy, Mpg) =| —0.316 kip
—3.478 ft
1.739 ft

F,:=1kip M,:=1kip-ft

0 kip=F.,.—V,, M

Fc5
Mc5

l :=find <Fc5aMc5> = [—1.739 ft

5=0.5hV

C

0.232 ] ki

CEE:4850
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VCG = ]. kip VC7 = ]. kip VCS = ]. kip ch = ]. kip VClO = 1 kip

0 kip=Py+P3+V s+ Vi + Vgt Vgt Vg Vir=2 Vg Vig=2V g Vig=2 V5 V0=V

Vs —0.926
Vier —1.852
VcS :=find <Vc6 ’ Vc77 c89 ch ’ V010> =|—1.852 k?’p
V.o —1.852
ch_ —0.926

0 kip=V g+ Fpys+Py—V, 0kip=F s+ Vys—F, 0kip-ft=My+M+M,

M06= 0.5 h VCG Mb5= 0.5 S1 Vb5

Vs 0.911

Feg —1.143

Fys |:=find (Vi5, Fog, Fy5, Mg, Mys) =| —4.268 | kip
M, —5.093 ft
My | 6.832 ft

Viei=1kip F.:=1kip Fy:=1kip M,:=1Ekip-ft Mys:=1 kip - ft

0 kip=V 1+ Fp—Fps;— Vo 0 kip=F;+Vys—Vys—Fy

M,,=0.5hV, Mys=0.5 55 Vig 0 kipeft=Myg+M_ ;+ M,
Ve 0.447
F,, 0.464
Fyg |:=find (Vig, For, Fyg, M7, Myg) =| —3.049 | kip
M, —10.186 ft
| My 3.354 ft

Vi;i=1kip F:=1kip Fy;:=1kip My:=1Ekip-ft My,:=1 kip - ft

0 kip=V g+ Fy;—Fyg—V3 0 kip=F3+Vy;—Vys—F3

M. g=0.5hV_ My, =0.5 53 V, 0 kipeft=My,+M g+ My,
Vir 0.911
F g —0.464
Fy; |:=find (Viy7, Fog, Fyr, Mg, Myz) =| —1.829 | kip
M., —10.186 ft
My, | 6.832 ft




4 March 2020

Constr@irdss Values

Solver

Solvefonst@irts Values Sdloeist@aiess Values

Constr@irdss Values

Solver

Jason E. Taylor
Senior Design

CEE:4850

0 kip=Vg+Fpg—Fy; =V, 0 kip=F o+ Vyg—Vy;—Fy
[ Vi | 0.447

Fe 0.464

Fyg |:=find (Vig, Fog, Fyg, Mg, M) =| —0.61 kip
M., —10.186 ft

_Mbs_ 3.354 ft
F.o=1kip M_,,:=1kip-ft
0 kip=F 1p—Vig—F5 M 10=0.5 h V4

F 0.679 J

=find (F.,,,M..0) = k

MclO] m ( 10 clO> [_5.093 ft] tp

Vcll ::1 kip Vclz ::1 kip Vcl3 ::1 kip Vcl4 ::1 kip Vcl5 ::1 kip

0 kip=P1+Py+P3+V 11+ V9+ Vs + Vo tVunr=2 Vi Va3 =2 VaVeu =2 Vo Vs =V

Ve —1.486
Veio —2.973
V3 |:=find <Vcll Ve Veass Ve Vc15> =|—2.973 | kip
Vo —2.973
Vs ] —1.486
ng = ]. kip Fcll = ]. kip Fbg = ]. kip Mcll = ]. kip 'ft Mbg = 1 kip 'ft

0 kip=V_ 1+ Fyg+P3—V,s 0kip=F 1+ Vyg—F. 0 kip-ft=Myg+M_ ;1 +M_q

M. 1=05hV, My=0.5s Vi
Vo 1.769
F., —2.912
Fyy |:=find <Vb9 s Fer1s Fog, My aMb9> =|—1.969 kip
M, —8.175 ft
1, 13.268 ft
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é Viwi=1kip Fep:=1kip Fyo=1kip M.,:=1kip-ft My:=1 kip - ft
sl
é 0 kip=V o+ Fpo—Fro—Ver 0kip=F 5+ Vig—Vi—Fy
§ M15=0.5hViy  Myg=0.5 s, Vi 0 kip« ft =Myyo+Meip+ My
[ Vio | 0.411
C Fers 1.822
(Y] .
= Fyo |:=find <Vb10 yFe12sFp10, Mo 7Mb10> =| —0.848 kip
v M., —16.35 ft
My 3.082 ft
é Vin=1kip Fe3:=1kip Fy:=1kip M,3:=1kip-ft My, =1 kip - ft
sl
é 0 kip=V 3+ Fy 1 —Fio—Ves 0kip=F 3+ Vi —Vio—Fes
§ M.3=05h Vi My,;=0.5s3 Vi 0 kip-ft=DMyy, +M 5+ My,
[ Vi | 1.769
C Feys —1.822
(Y] .
= Fyy, [=1ind (Vbu vFeozs Fpin oM 7Mb11> = 0.272 kip
v M., —16.35 ft
M, 13.268 ft
g Viu=1kip Fag=1kip Fyy=1kip My=1kip-ft  Myy=1kip-ft
sl
é 0 kip=V oy +Fyp—Fpi—Veg O0kip=F 1+ Viy—Vin—Fe
§ M,=05h Vi Myp=0.5 8 Vi 0 kip+ft=Myp+M14+Myy,
(Vi | 0.411
C Fei 1.822
(Y] .
= Fyp |:=find (Viy12, Frigs Fyios Mg s Mpgg) =| - 1.393 kip
v M., —16.35 ft
M., 3.082 ft
g F.:=1kip M, =1 kip-ft
sl
A .
-:Ef 0 kip=F ;5= Vy2—Fog My5=0.5h Vs
§ Fes 1.09 ]
:=find (F,.5,M_5) = k
g Mclsl m < cl5» cl5> [—8.175 ft p

V,=-0316 kip V,,=-0.632kip V,=—0.632kip V,=-0632kip V,=—0.316 kip
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V.=—0.926 kip V,,=—1.852kip V,=—1.852kip V,=—1.852kip V,,=—0.926 kip

V., =—1.486 kip V,,=—2.973 kip V,3=—2.973kip V,,=—2.973 kip V,;=—1.486 kip
V,y=0.232 kip  V,,=0.232 kip  V,;3=0.232 kip  V,,=0.232 kip
V,5=0.911 kip V46=0.447 kip V,»=0.911 kip V,5=0.447 kip
Vie=1.769 kip  V,,,=0.411 kip  V,,,=1.769 kip  V,,,=0.411 kip
F.,=-0232kip F.=0kip F.;=0 kip F.,=0 kip F..=0.232 kip

Fo=-1.143 kip F

c

,=0.464 kip ~ F.4=—0.464 kip F

C

»=0.464 kip  F.,,=0.679 kip

F

c

c

s=—1.822 kip F.,=1.822kip F..=1.09 kip

Fy, =—2.213 kip F,,=—1.581 kip  F,3=—0.949 kip  F,,=—0.316 kip

Fy=—4.268 kip F,c=—3.049 kip F,,=—1.829 kip  Fy,,=—0.61 kip

Fyo=—1.969 kip  F,,,=—0.848 kip F,,,=0.272 kip  F,,,=1.393 kip
M, =—1.739 kip-ft M,,=—3.478 kip+ft M,,=—3.478 kip-ft M, =—3.478 kip-ft M, =—1.739 k
M 4=—5.093 kip-ft M, =—10.186 kip-ft M,=—10.186 kip-ft M,=—10.186 kip-ft M, ,=—5.093 }

M

[

1 =—8.175 kip-ft M, ,=—16.35 kip+ft M, ;=—16.35 kip-ft M, ,=—16.35 kip+ft M, ,=—8.175 |
My, =1.739 kip-ft ~ M,,=1.739 kip-ft = M,;=1.739 kip-ft  M,,=1.739 kip- ft
M, =6.832 kip-ft ~ M,;=3.354 kip-ft  M,,=6.832 kip-ft  M,s=3.354 kip- ft
My, =13.268 kip-ft M,,,=3.082 kip-ft M,,,=13.268 kip-ft M,,,=3.082 kip - ft

A

P_,:=max <abs <Fc1> ,abs (FC2> ,abs <F03> ,abs (FC4> ,abs <FC5> ,abs <F66> ,abs <FC7> ,abs <F68> ,abs (ch/

c
Vigi=—min <Vcl9Vc2’ 39 Vear Vess Veor Vers Vess 097V610’Vc11’Vc125V0137Vcl47Vcl5> =2.973 kip

M p:=—min <Mcl Mg s Mgy Moy s Mg s Mgy Mg, Mgy Mg, Meyg, Mgy s Merg s Moy, My 7M015> =16.
Pyy:=max <abs (Fb1> ,abs <Fb2> ,abs <Fb3> ,abs (Fb4> ,abs <Fb5> ,abs <Fb6> ,abs <Fb7> ,abs (Fb8> ,abs <Fb9

Vi i=max <abs <Vb1> ,abs (Vw) ,abs (Vb3> ,abs (Vb4> ,abs (Vb5> ,abs (Vb6> ,abs (Vb7> ,abs <Vb8> ,abs <V
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My, :=max (abs (My,) ,abs (Mys) , abs (M) ,abs (M) ,abs (Mys) , abs (M) , abs (M) , abs (Myg) &
P :=max (P,,P,)=2.912 kip

Vo =max (V,,V,,)=2.973 kip

M, :=max (M,,M,,) =16.35 ft-kip

Py:=max (P, Pyy) =4.268 kip

Vyi=max (V},, V) =1.769 kip

My, :=max (M, My,) =13.268 ft-kip



4 March 2020 Jason E. Taylor CEE:4850
Senior Design

lumn F red Loadin

Define Variables
Pifioor =50 PSf Piroopi=20 psf  py=18.9 psf w,:=150 pef
b,=20in  d:=301in c:=20 in h,:=6 in

Design Calculations
Wby, (d—hy) (4 (51+83+83+5,) +5 (Ly+ Lo+ Ly))
(s51+8y+83+84) (L1+ Lo+ Ly)

Psiab =W+ hy=T75 psf Pveam = =71.078 ps

P

column "=

w,.+c’ +h=4.583 kip
Api=8,+Ly+8;*Ly+8y+ Ly+5,+ Ly=1320 ft*

Py:=(2 Daap+2 Poeam) * (0-5 81+0.5 55) + (0.5 Ly+0.5 Ly) +3 Py, = 110.162 kip
15 ft

plfloorZ ::plfIOOT-maX 0.4,0.25+ =33.143 psf
V14,
15 ft

plflOOT'l ::plfIOOT-maX 0.4,0.25+ f =27.097 psf

\V2 A;
Pl = <plfloor1+plfloor2+plroof> ° <05 81+0'5 S2> ¢ <05 L2+0'5 L3> =26 klp
P, i=Plyoope (0.5 8, +0.5 55) (0.5 Ly +0.5 Ly) =7 kip
Pi=p;+ (0.5 5,+0.5 55) + (0.5 Ly +0.5 L) =6.237 kip

P,:=P,=2.912 kip

P,;:=max (1.4 P;,1.2 P;+1.6 P;+0.5 max (P, P,)) =178 kip

P,,:=max <1.2 P,;+1.6 max <Plr,Ps> +max (Pl ,0.5 Pw>> =169 kip
P,3:=max (1.2 P4+ 1.0 P, +P;+0.5 max (P, P,),0.9 P;+1.0 P,) =165 kip
P =X (Pyy , Py, Py3) =178 kip

M, ppumn=M_.=16 kip - ft

Vecotumn =V =3 kip
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Assumed floor load distribution for slab and beam analysis

100% 00%

% 1
o% 60% (g 30% 20%
00% / 100%

lab F red Loadin
Define Variables
Pifioor =50 DSf Piroopi=20 psf  p;=18.9 psf w.:=150 pcf
b,=20in  d:=301n c:=20 in h,:=6 in

Design Calculations

Case 1
DL :=pgq, =75 psf LL:=pyf100r =50 psf B:=s5,=15 ft
wy 4y =0.446 LL+-B=334.5 plf wypp=1.22 LL-B=915 plf
wyep=0.464 LL+B=348 plf wypy=0.598 LL+B=448.5 plf
wypp = 0.442 LL-B=331.5 plf wyp = wypp =915 plf

V,;:=0.620 LL-B=465 plf

M)[pe,=0.121 LL-B® =1361.25 Ibf M) ,,,:=0.0996 LL-B* =1120.5 lbf
wy4p+=0.393 DL+ B=442.125 plf w,pp:=1.14 DL-B=1282.5 plf
wyop:=0.928 DL-B=1044 plf w,ppi=1.14 DL-B=1282.5 plf

wyppi=0.393 DL+ B=442.125 plf w,p=w,gp=(1.283-10%) plf
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Vip:=0.607 DL-B=682.875 plf
M egi=0.107 DL+ B* =1805.625 Ibf M, p,,,:=0.0772 DL-B* =1302.75 Ibf
Case 2

DL:=0.6 py,,=45 psf  LL:=0.6 p,,,,=30 psf B=15 ft

Woup = 0.446 LL-B=200.7 plf Wopyi=1.22 LL+-B=549 plf
Wopy = 0.464 LL+-B=208.8 plf Wopy =0.598 LL+-B=269.1 plf
Wopr, = 0.442 LL-B=198.9 plf Woyyp, ::w2BL:549 pl_f

Vr:=0.620 LL-B=279 plf

Mypeg=0.121 LL-B* =816.75 Ibf ~ My;,,,:=0.0996 LL+B* =672.3 Ibf

Wyapi=0.393 DL+ B=265.275 plf Wypp:=1.14 DL-B="769.5 plf
Wyep=0.928 DL+B=626.4 plf wyppi=1.14 DL-B=1769.5 plf
Woppi=0.393 DL+ B=265.275 plf Wopi=Wypp=T69.5 plf

V,pi=0.607 DL+-B=409.725 plf

M p04:=0.107 DL+ B* =1083.375 Ibf M,p,,,:=0.0772 DL-B* =781.65 lbf

Case 3
in'
E:=1 kst I:=1 P:=1
ft
L 1L+L—i—L—i— L 1L+L+ L 1L
i Dol g Fathotls Ty Lot | o Lot Lyt a5 Ly T L _><_<98.q3>—<144-q2+336-
-1t L1+L2+L3 17

ftew (~(98-0) ~ (144-4:+336-4,)) = q1-2”
17 2

2
1 2 gyr(x—24-f1
+5q2-(m—Ll) — 2 5 ) +

1
M, (z) ::Rr_l'w+5 gz’ —

1
M, (z) ::RT_l-ac—i-ql-Ll-(a:—E L, 24-q,-ft-(x—12-ft)—

1 2 qye(z—40-ft
+5 q3-<w—L1—L2> — o 2 )

1
M3(w) ::RT_l-w-i-ql-Ll-(m—E L,

1
+Q2'L2'(m_L1—5 L,
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P.(Ly,+L
R, 1::——( 2+ Ls) o 6ar
- Li+Ly+L,
M, (x)=R,; {+x — —0.64705882352941191 -z

M,y o(x)=Ry y+x+P-(x—L;) — 0.35294117647058809 - 2 — 24.0 - ft

M, 3(x)=Ry yx+P-(x—L;) — 0.35294117647058809 - 2 — 24.0 - ft

P-L
Ry yi=————  =—0.412
T L+ L+ 1L,

M, 1(x)=Ryy 1+ — —0.411764705882353 - x

M

v

2 2(%)=Ryy 1 +x — —0.411764705882353 - x

M,y 5(2) =Ry i +x+ P+ (x—L;— Ly) — 0.588235294117647 - x — 40.0 - f

e Lt L, Li+Ly+ Ly
My (z)-M M,(z)-M M;(z)-M 84
dy <(117Q2aQ3> = J 1($)E.Iv1_1 (=) dr+ J Z(m)E.Ivl_z () dr+ J 3($)E‘;1_3 (z) Az — <
0'ft i e
L, L, +L, L+Ly+Ly
M M M <M, M M 10
dy <(117Q2aQ3> = J l(w)E.IUQ‘l (=) dr+ J Z(m)E-Iw_z () dr+ J 3($)E‘;2_3 (z) Az — <
0'ft i e
L L+ Ly+L,
oo | Moa(@)Moa(e) o | Moa(®)Moa(@) | 5466.3529411764752934 - ft
T B in' < ksi
0ft i
L, L,+L, Ly+Ly+Ly
Fioi= [M“—l (z) - My, (x) de+ JMU1_2 ()M 5 () da+ Jle_s ()M 5(x) da — 5376.(
E- E-1 E-1
0t i PR
Li+1L, LI, +T,
e | Moz () My () | Mios(x)-Myps(2) | - 6149.0196078431396267 - ft'
T £ LAt in’ ks

0 ft L, +L,
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Dead Load

q1:=—0.3 Dyap g2:=—0.6 Dy, 4= —0.3 Pyiab

S Ry=1plf Ry=1plf Ry=1plf Ry=1plf
g_
S 0lbf=Ry-L+Rj- <L1+L2>+R4' (Ly+ Lo+ L)
o
1 1 1
+q1'L1'(5 L1)+q2'L2'(L1+5 L2 +q3'L3‘ L1+L2+5 L3)
g 0 plf=q;-Li+qy+Ly+q3-Ly+ R+ Ry + Ry + Ry
5
d1<Q17Q2aQ3>+f11'R2+f12'R3=0 It
d2<(11aQ2aQ3>+f12'R2+f22'R3=0 Jt
Ry 219.729
) R, 648.962
3 |m,|7Hnd (BusRo s Ry Re) = | oo | P
R, 254.02

wsap=R;=219.729 plf = w;pp=R,=648.962 plf

wy =R, =219.729 plf wy =R, =648.962 plf ws:= Ry ="T67.289 plf

1
M, (z):= wl-m+5 q x> — —11.2499999999999979 - psf - x> +219.72877358490581 « plf - x

2

1 1
+5 @ (x—L,) — —539.9999999999998992 ft-p

Mz(w) ::wl-m+w2-<ac—Ll>+q1-L1-(m—5 L,

1 1

1
M3($) ::wl'm+w2‘ <$—L1> +w3' <m—L1—L2> +q1'L1' (ZE—E Ll +q2'L2' (m—Ll—E L2 +5 q3‘ <
d
Vi (z):=—M, (z) — —22.4999999999999958 - psf - = + 219.728 77358490581 - plf
dz
d
Vy(x) i=——M, (z) — —44.9999999999999916 - psf -  + 539.9999999999998992 - ft - psf + 868...

dz
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aints

1
+q3'L3‘ L1+L2+5 L3)

1 1
+Q1'L1'(5 L1)+¢12'L2'(L1+5 L,

Vi(z):= EM3 (z) — —22.4999999999999958 - psf - x + (1635.98045822102376 - plf — 359.99¢...
2 zi=1 ft % zi=1 ft 2 zi=1 ft
> >
5 V,(z)=0 pif g Vy(e)=0pif 5 V,(z)=0 plf
g_ x,:=find (x) =9.766 ft &  x,:=find (z)=31.304 ft g xg:=find (x) =56.71 ft
& & 3
L,=24 ft L+ Ly,=40 ft L,+Ly+L;=68 ft
V(0 ft)=219.729 plf
Vi (L) ==320.271 plf V, (L;) =328.691 plf
Vo (Ly+Ly) =—391.309 plf V(L +Ly) =375.98 plf
Vi(Ly+Ly+L3) =—254.02 plf  V;p:=V, (L +Ly) =—391.309 plf
M, (0 ft)=0 lbf
M, (L,) =—1206.509 lbf M, (L,) =—1206.509 lbf
M, (Ly+ Ly) =—1707.453 Ibf M (L, + L,) =—1707.453 Ibf
My (Ly+ Ly + Ly) =0 Ibf Mppeqi=Ms (L + Ly) =—1.707-10° Ibf
M, (x,) =1072.905 lbf
M, (x5) =—6.089 Ibf
M (x3) =1433.91 Ibf Mpposi=M; (x3) = 1433.91 Ibf
Live Load Max Positive Moment
q,:=—0.3 LL  qy:=—0 LL q3:=—0.3 LL
é_ R:=1plf Ry:=1plf Ry:=1plf R,:=1plf
]l
E' 0 Ibf =Ry Ly + Ry« (Ly+Ly) + Ry (Ly + Ly + Ly) J
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0 plf=q°L1+qy+Ly+q3+ L3+ R +Ry+R3+ Ry

d1<q1,q2,q3>+f11-R2+f12-R3=0 It

dz(‘]u‘]m‘]g)+f12'R2+f22'R3=0 Jt

R, 96.042

R, 106.075
:=find (R,,R,,R;,R,) = l

R3 11 < 12525543 4> 158.064 pf

R, 107.818

CEE:4850

Soianstéaiess Values

Waey = Ry =158.064 plf

w, =R, =96.042 plf

wy:=Ry=106.075 plf

wy = Ry =158.064 plf

1
M, (z):= Wy L+ q x> — —4.5-psf -2’ +96.042452830188779 - plf - =

M, (z) ::wl-m+w2-<ac—L1>+q1-L1-(m—% L,

+% qs- <m—L1>2 — —216.0-ft-psf-(a:—12,0.ft)+

1 1 1
M3(m) ::wl'm+w2‘<$—L1>+w3' <m—L1—L2>+q1'L1'(m—E Ll +q2-L2-(m—L1—5 L2 +5 q3‘<
Vi (2) =M, (2) = —9.0+ psf -z + 96.042452830188779 - plf
dx
V() =M, () — —216.0+ ft - psf + 202.117924528301859 - plf
dx
V(@) =~ M, (2) — —9.0+ psf - o+ 144.0+ f£ - psf + 360.181940700808689 - plf
dx
x:=1 ft 8 ze=1 ft é x:=1 ft
o L g_
] el
Vy(z)=0 plf o V,(z)=0 plf é Vy(z)=0 plf
x,:=find (2)=10.671 ft & x,:=find (x)=? §  xy=find (z)=56.02 ft
wm v

L,=24 ft

L1+L2:40 ft
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Guess Values

Constraints

Solver
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V(0 ft)=96.042 plf
Vi (L) =—119.958 plf V, (L) =—13.882 plf

(
Vi (Ly+Ly) =—13.882 plf Vi (Ly+ Ly) =144.182 plf
(

<

5 (Ly+ Ly + Ly) =—107.818 plf

M, (0 ft)=0 lbf

=
h
i3
S~~—
|
I
N
03
&
©
0
—
S
-

M, (L,) =—286.981 lbf
M, (Ly+ Ly) =—509.094 Ibf M (L + Ly) =—509.094 Ibf

(
(
My (Ly+ Ly + Ly) =0 Ibf
(
(

M, (x3) =645.819 Ibf My, = M; (x3) =645.819 Ibf

Live Load Max Negative Moment, Shear, and Reaction

q,:=—0 LL q,=—0.6 LL q3:=—0.3 LL

Ry :=1 plf R,:=1 plf R;:=1 plf R,:=1 plf
0 lbf =Ry Ly+Ry+ (Ly+Ly) + Ry« (Ly + Ly+ L)

1 1
+Q1'L1'(5 L1)+Q2'L2'(L1+5 Ly|+q3-Ly-

0plf=q,+Li+qs+Ly+q3-Ls+ R+ Ry+ Ry + R,
d1<Q1aQ2aQ3>+f11'R2+f12'R3=0 It
d2<Q17Q2aQ3>+f12'R2+f22'R3=0 It

R, —3.297

104.972
=find (Ry, Ry, Ry, Ry) = | g0'sac

R, 98.988

plf

1
L1+L2+EL3)

CEE:4850
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wyyp =Ry =-3.297 plf wspr =R, =104.972 plf
Wacp=R;=339.338 plf  wsp;:=R,=98.988 plf ws; = Ry =339.338 plf

w, =R, =—3.297 plf wyi= R, =104.972 plf ws:= Ry =339.338 plf

1
M, (z):= wy e+ gy x> — —3.297169811320698 - plf -

2 2

1 +é @s+ (t—L;) — —9.0-psf(x—24.0-ft) +104

Mz(ac) ::wl-m+w2-<x—Ll>+q1-L1-(m—5 L,

1 1 1
M;(z)=w; -z +w,- <ac—L1> +wy . <m—L1—L2>+q1-L1-(m—E Li|+qo+Ly- (w_Ll_E L, +5 q3-<
V, (@) = - M, (2) — —3.297169811320698 - plf
dx
V(@) = - M, (2) — —18.0+ psf -z + 432.0+ ft - psf + 101.674528301886972 - plf
dx
V(@) = - M, (2) — —9.0+ psf - o+ 72.0+ ft - psf +441.012129380053972 - plf
dx
x:=1 ft gf x:=1 ft é x:=1 ft
L 0 4 g_
Vi(z)=0 plf @ V,(z)=0 plf % Vy(z)=0 plf
| x;=find (x)="? | xp=find (x)=20.649 ft §  xq:=find (z)=57.001 ft
wm v
L,=24 ft Ly+L,=40 ft L+ L,+L;=68 ft
V(0 ft)=-3.297 pif
Vi (L) =—3.297 plf V(L) =101.675 plf

(
Vo (Ly+Ly) =—186.325 plf V(L +Ly)=153.012 pif
Vy(Ly+Ly+L3) =—98.988 plf  Vy:=V, (L, +Ly) =—186.325 plf
M, (0 ft)=0 lbf

M, (L,) =—=79.132 Ibf M, (L,) =—=79.132 Ibf
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M, (Ly + Ly) =—756.34 Ibf My (L, + Ly) =—756.34 Ibf

My (Ly+ Ly + Ly) =0 Ibf Mpeq:=My (Ly + Ly) =—756.34 Ibf
M, (xj) = ? Ibf

M, (x,) =208.027 Ibf

=544.367 Ibf

~——

(
M <X3

Summary

wp=1282.5 plf  V,p=682.875 plf M,p,.,=1805.625 Ibf  Mp,,,=1302.75 Ibf
w,; =915 plf V,, =465 plf M1, =1361.25 Ibf My, =1120.5 Ibf
Wyp=T69.5 Plf  Vyp=409.725 plf Myp,,.,=1083.375 Ibf  Myp,,,=T781.65 Ibf
wyy =549 plf Vi, =279 plf My, =816.75 Ibf My, =672.3 Ibf
Wsp="T67.289 plf Vip=—391.309 plf Myp,.,=—1707.453 Ibf M;p,,,=1433.91 Ibf
ws;=339.338 plf Vi =—186.325 plf Myp,,,=—756.34 Ibf  Mj;,,,=645.819 Ibf
V belab :=Max (abs <V1D> ,abs <V2D> ,abs <V3D>> =682.875 plf

V gap = Max (abs <V1L> ,abs <V2L> ,abs <V3L>> =465 plf

M ppegsiap=m3x (abs (M pyeg) abs (Moppeg) » abs (M3py,e,)) = 1805.625 Ibf

M e gsiap = MAX <abs <M1Lneg> ,abs (Maneg> ,abs <M3Lneg>> =1361.25 Ibf

M ppossiab = Max <abs <M1Dpos> ,abs <M2Dpos> ,abs <M3Dpos>> =1433.91 Ibf

M possiap = MaAX (abs <M1Lpos) ,abs <M2Lpos> ,abs (M3Lp05>> =1120.5 Ibf

v

Si

lab:: ]_2 VDslab+1‘6 Vleab: 1563 klf

M

Ty

eg_slab =1.2 MDnegslab +1.6 MLnegslab =4.345 k'['p

Mpos_slab =1.2 MDposslab +1.6 MLposslab =3.513 k’bp
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Beam F red L in
Define Variables
Pifioor =50 PSf Piroopi=20 psf  py=18.9 psf w,:=150 pef
b,=20in  d:=301in c:=20 in h,:=6 in
Design Calculations
Case 1
Wyegm =W+ (d—hy) b, =500 plf
DL :=wsp + Wyeqm=(1.267+10%) plf.L:=w,; =339.338 plf B=15 ft
Wy a:=0.446 LL+-B=(2.27-10°) ft+plf w,p;:=1.22 LL-B=(6.21-10") ft-plf
W,y =0.464 LL+-B=(2.362:10%) ft-plfo,p;:=0.598 LL-B=(3.044-10%) ft-plf
W,y =0.442 LL- B=(2.25-10°) ft-plf
V,:=0.620 LL-B=(3.156-10") ft-plf
M) peg=0.121 LL+ B> =9238.466 ft-IbfM,;,,,:=0.0996 LL+B> =7604.556 ft - lbf
Wy 4pi=0.393 DL+ B=7470.671 ft-plf w,pp:=1.14 DL-B=21670.649 ft-plf
wyopi=0.928 DL+-B=17640.669 ft - plf w,pp:=1.14 DL-B=21670.649 ft- plf
W, pp=0.393 DL+ B=(7.471-10°) ft-plf
V,p:=0.607 DL-B=(1.154-10") ft-plf
M ppeqi=0.107 DL+ B* =30509.993 ft - Ibf,p,,,:=0.0772 DL+ B* =22012.817 ft-Ibf
Case 2
E:=1 ksi I:=1in" P:=1

clear <q1 s g2, q3>

1 1 1
Ly+|= L+ Ly+Ly|+qy+Ly+ |— Ly+ L3 |+ g3 Ly |— L
i q, Ly (2 1t Lo+ L3f+qye Ly 5 2 3) q3° L3 (2 3) - <—<98-q3>—<144-q2+336-
T_l L1+L2+L3 17
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ftow (~(98-0) ~ (144-0:+336))) = q1-2"
17 2

2
1 2 gyr(x—24-f1
+5q2-(m—Ll) — 2 5 ) +

1
Ml(m) ::RT_l-m-l-E g, x> —

1
M, (z) ::RT_l-m—i-ql-Ll-(a:—E L,

24.q,-ft-(x—12-ft)—

1 1 1 2 Qs+ (x—40-ft
M3(m)’:Rr_1'w+Q1'L1'(m—5L1 +Q2'L2'($_L1—5 L, +E q3-<w—L1—L2> =3 ( - )
P+ (Ly+L
R, = Pellorly) gy
- Li+Ly+1L,
M, (x)=R, ,+x — —0.64705882352941191 -z
M,y 5(x)=Ry yx+P-(x—L;) — 0.35294117647058809 - 2 — 24.0 - ft
My, 3(x)=Ry y-x+P-(x—L;) — 0.35294117647058809 - 2 — 24.0 - ft
P.L,
R,y ji=———————=-0.412
- Li+Ly+1L,
M, 1(x)=Ryy 1+ — —0.411764705882353 - x
M, 5(x):=Ryy 1+ — —0.411764705882353 - x
M,y 5(2) =Ry y+x+ P+ (x—L;— Ly) — 0.588235294117647 - . — 40.0 - f
L, L,+L, Li+Ly+ Ly
M, (x) M T M,|\x)-M x M, x)-M T 84.
dy (¢1,4s,03) = J 1 )E.I”U( ) dat J d )E.I"l—z( ) das J o )E_If’l-‘”’( ) 4w 4
0 ft L Li+L,
L, L, +L, Ly+Ly+ Ly
M, (x) M T M,|\x)-M x M, x)-M T 10
dy (q1, 45+ 03) = J 1 )E.I”Q—l( ) dat J d )E-va( ) das J o )E_If’z-‘”’( ) 4w 4
0 ft L Li+L,
L, Li+Ly+ Ly
My (%)« My, 4 () M,y ()M, 5(x) 5466.3529411764752934 - ft°
Ju= dr+ dz —
E.1 E-1 in* «ksi

0ft L
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L Li+L, Ly+Ly+ 1L
Frgim [le_l (%) My 4 (2) da+ JMU1_2 () - M, 5 (2) da+ JMU1_3 ()M, 5(2) de — 5376.(
. E-I E-I
0 ft L, Li+1L,
Li+L, Li+L,+ Ly
g | Moz ()Mo (2) | | Mioa(®)-Mips(2) | 6149.0196078431396267 - ft’
£ef E-I in - ksi
0ft Li+L,
Dead Load
q1:=—Wi1p— Wpegm q2°= ~Wop— Whegm 43°=~W1p— Wheam

R,:=1 lbf R,:=1 lbf R;:=1 Ibf R,:=1 lbf
0 lbf'ft=R2'L1+R3' <L1+L2>+R4'<L1+L2+L3> (J

1
+CI1'L1'(5 Ly|+qy+ Ly

1 1
L1+5 L2)+(13'L3'(L1+L2+5 L3)

0 lbf=ql'L1+q2'L2+q3'L3+R1+R2+R3+R4
d, <(117Q2aQ3> + 1 Ry+f12-R3=0 ft

dz(‘]u‘]za%)+f12'R2+f22'R3=0 It

R, 18446.873
R, 31835.516

:=find (R,,R,,R.,R,) = t-pl
R3 1n < 194129483 4> 41803.64 f p.f
R, 20915.971

wyap=R,=(1.845.10") ft-plfy,:=R,=(3.184.10") ft-plf
Wyopi=Ry=(4.18+10*) ft-plf;pp=R,=(2.092.10*) ft-plf,:=R,=(4.18-10*) ft-plf

w,; =R, =(1.845-10") ft-plfiv,:=R,=(3.184-10") ft-plfiv;:=R,=(4.18-10") ft-pif

1
M, (z)= Wyt q,-x° — 18446.873427672965879 - plf - - ft — 891.24999999999993 - plf - x>

2

1 1
+5 G (B =Ly) ——42779.99999999999664 - ft - p

Mz(ac) ::wl-m+w2-<ac—Ll>+q1-L1-(m—5 L,




4 March 2020 Jason E. Taylor CEE:4850
Senior Design

1 1 1
M3($) ::wl'm+w2‘ <$—L1> +w3' <CU—L1—L2> +q1'L1' ($—E Ll +q2'L2' (m—Ll—E L2 +5 q3‘ <
d
Vi (z):=—M, (z) > —1782.49999999999986 - plf - = + 18446.873427672965879 - ft - plf
dx
d
V,(z) :==——M,(z) — —1269.49999999999995 - plf - = + 37970.389150943407672 - ft - plf
dx
d
Vy(z) :=——M;(z) — —1782.49999999999986 - plf - = + 100294.02897574130433 - ft - plf
dx
E_ x:=1 ft gf x:=1 ft é x:=1 ft
A 4 2
% V,(z)=0 Ibf g vy(x)=0myf % V,(z)=0 Ibf
§  x=find(2)=10.349 ft § x,:=find(x)=29.91ft § x;:=find (z)=56.266 ft
wm wm wm

V(0 ft)=(1.845-10") ft-plf

V(L) =—24333.127 ft-plf  V,(L,)=7502.389 ft-plf

<

(Z
Vo (Ly+Ly) =—12809.611 ft - plf; (L, + Ly) =28994.029 ft - plf
5 (Ly+ Lo+ Ly) =—20915.971 ft - plfp:=V; (L; + Ly) =28994.029 ft - plf

M, (0 ft)=0 ft-lbf

E

1 (L1) =—=70635.038 ft-Ibf M, (L,)=-70635.038 ft-lbf

M, (L, + Ly) =—113092.811 ft - Ioff, (L, + L) =—113092.811 ft - Ibf

My (Ly+Ly+L3) =0 ftelbf  Mypeg:=M, (L +Ly) =—1.131-10° ft-Ibf

=

=

&
(
(
1 (%1) =95452.213 ft - lbf
2 (Xg) =—48466.529 ft - Ibf
(

M (x5) =122714.683 ft-Ibf  Myp,0,:=M; (x5) =122714.683 ft- Ibf

Live Load Max Positive Moment
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q;:=—1 wy q2:=—0 wy, q3:=—1 wy,

& R=1Wf R,=1Wf Ry=1I1bf R,:=11Ibf
g_
| 0Ibfeft=Ry-Li+Ry+(Ly+Ly)+ Ry (L1+Ly+Ly)
o
1 1 1
+CI1'L1'(5 Li|+qy+Ly- L1+5 L2)+Q3’L3'(L1+L2+5L3)
g Olbf=ql'Ll+q2'L2+q3'L3+R1+R2+R3+R4
5
d1<Q17Q2aQ3>+f11’R2+f12'R3=0ft
d2<Q17Q2aQ3>+f12’R2+f22'R3=0ft
R, 9764.316
@ R, 10784.34
=2 :=find (R,,R,,R3,R,) = t.pl
3 BT (R B By ) = G060 542 | £+ PY
R, 10961.503

Wyap=R,=(9.764.10%) ft-plfy,:=R,=(1.078-10") ft-plf
Wyopi=Ry=(1.607-10*) ft-plfy,:=R,=(1.096-10*) ft-plfy:=R,=(1.607-10") ft-plf

w,; =R, =(9.764-10°) ft-plfiv,:=R,=(1.078-10") ft-plfiv,:=R,=(1.607-10*) ft-plf

1
M, (z)= Wyt q,-z° — 9764.3160377358595801 - plf - z - ft — 457.500000000000055 - plf - >

2

1 1
+5 @+ (2= Ly) — =21960.00000000000264+ ft-p

Mz(w) ::wl-m+w2-<ac—Ll>+q1-L1-(m—5 L,

M (z):=w, -z +wye (x—Ly) +wye (x—Ly—Ly) + gy Ly » (m—% Li|+qy-Ly- (m—Ll—% L, +% qs (
Vi(z):= diMl () — —915.00000000000011 - plf -+ 9764.3160377358595801 - ft - plf
xr
Vy(z):= diMz () — —1411.3443396226404349 - ft - plf
xr
Vy(z) ::iM3 (z) — —915.00000000000011 - plf -  + 51258.497304582219608 - ft - plf

dz
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E_ x:=1 ft 8 ze=1 ft é x:=1 ft
s 3 >
% V,(z)=0 Ibf g vy(x)=0myf % V,(z)=0 Ibf
§  x=find(x)=10.671 ft § x,:=find(x)="* §  xy:=find (x)=56.02 ft
wv (2] ("2
L,=24 ft Ly +L,=40 ft Ly +Ly+L,=68 ft

V(0 ft)=(9.764-10%) ft-plf

V(L) =—12195.684 ft-plf  V,(L,)=—1411.344 ft-plf

Vo (Ly+Ly) =—1411.344 ft - plf Vy (L, + Ly) =14658.497 ft - plf
V3 (Ly+Ly+ L3) =—10961.503 ft - plf

M, (0 ft)=0 ft-lbf

=

1 (L1) =—29176.415 ft-Ibf M, (L,)=—29176.415 ft-lbf

My (Ly+ Ly) ==51757.925 ft - Wfl; (L, + Ly) = —51757.925 ft - Ibf

=

(

(
My (Ly+ Lo+ Ly) =0 ft - 1bf
1 (%1) =52099.381 ft - lbf
{

M, (xg) = ? Ibf

M (x3) =65658.219 ft-lbf  Mypp,:=M; (x3) =65658.219 ft - Ibf

Live Load Max Negative Moment and Shear

q1:==0 wyy, @r=—1 wyy, q3:=—1 wyy,

R :=1 lbf R,:=1 lbf R;:=1 Ibf R,:=1 lbf

Guess Values
1 I 1

0 Ibfft=RyLy+Ry+ (L1 + Ly) + Ry« (Ly + Ly+ L)

1 1 1
+CI1'L1'(5 Li|+qy+Ly- L1+5 L2)+Q3'L3'(L1+L2+5 L3)

0 lbf=ql'L1+q2'L2+q3'L3+R1+R2+R3+R4

Constraints

d1<q1,q2,q3>+f11-R2+f12-R3=0 It
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dz(‘]u‘]za%)+f12'R2+f22'R3=0 It

R, 244.863
R, —252.632

=find (R,.R,.R..R,)= T« pl
R, in < 1,149,113, 4> 23906.04 fe-pif
R, 10505.729

CEE:4850

Wyapi=R, =244.863 ft-plf wypp:=Ry=—252.632 ft-plf

Wyep=Ry=(2.391-10") ft.plfy,p:=R,=(1.051-10") ft-plf,:=R,=(2.391-10") ft-plf

1
M, (z):= wl-m+5 q -’ — 244.86320754718208661 « plf - - ft

2

M, (z) =:w1-m+w2-<m—Ll>+q1-L1-(m—% L,

Wy = Ry =—252.632 ft-plf w;:=Ry=(2.391-10%) ft-plf

2

+é Qo+ (t—L;) — —274.5-plf - (x—24.0- ft) —2!

1 1

Vo (Ly+Ly) =—8791.769 ft - plfVy (L, + Ly) =15114.271 ft - plf

1
M;(z) ::wl-m+w2-<ac—Ll>+w3- <m—L1—L2>+q1-L1-(m—E L, +q2-L2-(m—L1—5 L, +5 q3-<
V, (2) =M, (2) — 244.86320754718208661 - ft- plf
dx
V() =~ M, (2) — —549.0- plf - o+ 13168.231 132075449147 - ft - plf
dx
V() =~ M, () — —915.00000000000011 - plf - 2+ 51714.27088948788793 - ft - plf
dx
| 21 ft 8 ze=1 ft é x:=1 ft
L 0 4 g_
V,(z)=0 Ibf 2 V,(z)=0 Ibf % V,(z)=0 Ibf
| x,=find (2)=7 | xp=find (z)=23.986 ft § xy=find (x)=56.518 ft
wm v
L,=24 ft L,+L,=40 ft L+ L,+Ly,=68 ft
V(0 ft)=244.863 ft-plf
V(L) =244.863 ft-plf Vy (L) ==7.769 ft-plf
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V3 (Ly+Ly+ L3) =—10505.729 ft-plf Vo=V, (L, +Ly) =15114.271 Ibf
M, (0 ft)=0 ft-Ibf

M, (L,)=5876.717 ft-Ibf M, (L,)=5876.717 ft-Ibf

M, (Ly + Ly) =—64519.585 ft - Ifl; (L + Ly) = —64519.585 ft - Ibf

My (Ly+ Lo+ Ly) =0 ftoIbf ~ Myp,ei=M;(Ly+ Ly) =—64519.585 ft - lbf
M, (i) = ? Ibf

M, (%,
(

M, (x5

=5876.772 ft-Ibf

=60311.663 ft-Ibf

~——  ~—

Summary

Vip=11538.67 Ibf M,p,,.,=30509.993 ft-Ibf M,p,,,=22012.817 ft-Ibf
Vi, =3155.84 Ibf M, =9238.466 ft-Ibf  M,;,,,=7604.556 ft-lbf
Vop=28994.029 Ibf M, p,,.,=—113092.811 ft - IbfMy )., =122714.683 ft-Ibf
Vi, =15114.271 Ibf M,;,,,,=—64519.585 ft-Ibf M,;,,,=65658.219 ft-lbf
V pbeam =max (abs (V) ,abs (Vyp)) = (2.899+10*) Ibf

V Lbeam = Max (abs <V1L> ,abs <V2L>> = (1.511 . 104> lbf

M ppegbeam = max <abs <M1Dneg> ,abs (Maneg» =113092.811 Ibf - ft

M e gbeam=max (abs (M 1,e0) ;abs (Moyp,,.,)) = 64519.585 Ibf - ft

M posbeam = Mmax (abs <M1Dpos> ,abs <M2Dpos>> =122714.683 Ibf - ft

M pospeam = max (abs (M 1p,) , abs (Myr,,,) ) = 65658.219 Ibf - ft

Vieam =12 Vpeam+1:6 Vigeam+1.0 Vy=61 kip  Py.y =P, =4 kip

M

Ty

eg_beam =1.2 MDnegbeam+ 1.6 MLnegbeam+ 1.0 Mb: 252 k’bp 'ft

Mpos_beam =1.2 MDposbeam +1.6 MLposbeam =252 klp 'ft
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ORIGIN :=1
Include <<|H:\Finite Element\mathCAD-FEA1-UtilityFunctions.mcdx
Include <<|H:\Finite Element\trussElement.mcdx
Truss A Design
Define Variables
e:=10100000 al:=0.438 a2:=0.688 r1:=0.361 r2:=0.693 k:=0.75S51:=0.114 S52:=0.332
sp:=2 ft p,;:=5 psf p,:=30 psf b:=36 h:=48 s5:=0.33333

Design Calculations

1 9]
3 4
5 6
0 0 0 0 8
9 10
0 h 0 48
1 3
b 0 36 0 3 5
b h—s+b 36 36 5 7
2b 0 72 0
nodalCoords:= = elemNodes:=|7 9
2b h—2s-b 72 24 9 4
3b 0 108 0
4 6
3b h—3s-b 108 12 6 8
4b 0 144 0
4b h—4s-b 144 0 8.10
: —asehl - 2 3
3 6
6 7
|7 10|
assembLocs:=|for 1 € 0..rows (elemNodes) -1 return assemblLocs
assembLocs T 2 elemNodes (z | 0) -1
assembLocs — 2 elemNodes (i,O)
1+1,2
assembLocs «— 2 elemNodes (i, 1)— 1
1+1,3
assembLocs «— 2 elemNodes (i, 1)
1+1,4

matProps::[eeeeeeeeeeeeeeeee]

secProps::[al al al al al al al al al a2 a2 a2 a2 al al al al]
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nd:=max (assembLocs) K:=zerosMat (nd , nd) R:=zerosVec (nd)
+ .
pi=PiPs o, b-Jt 519
Ibf 12
-P -P
R i=—— R =—P R i=—P R =—P R i=—
4 2 8 12 16 20 2

K:=||foren € 1..rows (elemNodes) return K

e«+— matProps1

a«— secProps1

nodes — elemNodes~

coord «— extract Rows (nodalCoords , nodes)

Im «— assembLocs™

k — trussElementK (e ,a, coord)

K~ assembleK(K, k, lm)
ebc:= [2 18] ebcVals:= [0 O]
d:=nodalSolution (K ,R,ebc, echals)
d"=[0 00000000 -0.10-0.10-0.10-0.1000 0]
reacts:=reactionSolution (K ,R,ebc, d)
reacts’ =420 420] W,:=0.5 reacts(0) =210
F:=|foren € 1l..rows (elernNodes) return F'

e« matProps1

,en

a«— sechps1

,en

—~

en
nodes «— elemNodes~

coord «— extractRows (nodalC’oords , nodes)

Im «— assembLocs™~
de — extractVec (d , lm)

[eps stgma force] «— trussElementSolution (e,a,,coord,de)
F  — force

en,1

FT:[—420 —210 0 —210 —420 0 630 630 0 —332 —332 —996 —996 525 —379 379 945]

CEE:4850
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Tension Design

max (F) =945 T aiion:=4-8 ksi  ADM 2010 P iow = Tatiow * @l +in* =2102 Ibf

Compression Design

secProps2 ::[Tl rlrlrlrl vl 71 r1 71 72 r2 2 72 r1 r1 rl rl]

P :=|forenel..rows (elemNodes) return P

cr

a <+ secProps

1,en

T secP"r’ops21

,en

—~

en
nodes «— elemNodes~

coord «— extract Rows (nodalCoords , nodes)
2 2

L+ \/(coord(l,O) —coord ((),0)) + (coord(l , 1) —coord(O, 1))
Pcr+— (4.5—0.016 kz£ «a-+1000

r
P «— Per

en,1

PCTT:[1272 1447 1622 1796 1971 1447 1447 1447 1447 2644 2644 2644 2644 1097 1341 1341 1447]

F\T
( ) =[-0.33 —-0.15 0 —0.12 —0.21 0 0.44 0.44 0 —0.13 —0.13 —0.38 —0.38 0.48 —0.28 0.28 0.65]

cr

Bending and Compression Design for Top Chord Members

2

+(12 in)z) =840 Ibf -in

2

C:=min(F)=-996 M::l—lo (Pa+Ds)+sp- (\/ (36 in)

O aliow *= 6.3 kst ADM 2010 Mallo’u) ::Uallow-SQ-i’n3 =2092 lbf‘ln

¢ + M _ o778

P cr (9) M, allow




10 April 2020 Jason E. Taylor CEE:4850
Senior Design

TIr Design (Tr B D n' vern
Define Variables
sp:=2 ft py;:=5psf p,=30psf b:=24 h:=12 s5:=0

Design Calculations

1 9]
3 4
5 6
0 0 [0 0 8
9 10
0 h 0 12
1 3
b 0 24 0 3 5
b h—s-b 24 12 5 7
2b 0 48 0
nodalCoords:= = elemNodes:=|7 9
2b h—2s-b 48 12 9 4
3b 0 72 0 416
3b h—3s-b 72 12 6 8
4b 0 96 O
4b h—4s-b 96 12 8.10
L —as0l ] 2 3
3 6
6 7
|7 10|
assemblLocs:=|for i € 0..rows (elemN odes) -1 return assembLocs
assembLocs'+1 1<—2 elemNodes(1,0)—1
assembLocs ) 2<—2 elemNodes (1,0
1+1,

1+1,3

assemblLocs — 2 elemNodes
i+1,4

(¢,0)

(¢,0)
assembLocs +— 2 elemNodes ('L ] 1) -1

(é,1)

matProps::[eeeeeeeeeeeeeeeee]

secProps::[al al al al al al al al al a2 a2 a2 a2 al al al al]

nd:=max (assembLocs) K:=zerosMat (nd , nd) R:=zerosVec (nd)
reacts = [420] P:=reacts (0,0):420

420
R =L R :=—P R =-P R =-P R =L

4 2 8 12 16 D
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K:=||foren €1..rows (elemNodes) return K
e«— matProps1

,en

a < secProps
1,en

—

en
nodes «— elemNodes~

coord «— extract Rows (nodalCoords , nodes)

Im «— assembLocs™
k — trussElementK (e ,a, coord)
K~ assembleK(K, k, lm)

ebc:=[2 18] ebcVals:=[0 0]

d:=nodalSolution (K ,R,ebc, echals)

dT:[O 0000 -0.10-0.10-0.10-0.10-0.10-0.1000 O]
reacts:=reactionSolution (K ,R,ebc, d)

reacts’ =[840 840]

F:=|foren e€1..rows (elemNodes) return F'
e« matProps1

,en

a«— sechps1

,en

—~

en
nodes «— elemNodes~

coord «— extractRows (nodalC’oords , nodes)

Im «— assembLocs™~
de — extractVec (d , lm)

[eps stgma force] «— trussElementSolution (e,a,,coord,de)
F  — force

en,1

F'=[-840 —420 0 —420 —840 0 1680 1680 0 —1260 —1260 —1260 —1260 1409 —470 —470 1409]
Tension Design

max (F)=1680 T aliow =4-8 ksi  ADM 2010 P liow = Tatiow * @l +in* =2102 Ibf
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Compression Design

secProps2 ::[Tl rlrlrlrl vl 71 r1 71 72 r2 2 72 r1 r1 rl rl]

P :=|foren el..rows (elemNodes) return P

cr

a <+ secProps

1,en

T secP"r’ops21

,en

—~

en
nodes «— elemNodes~

coord «— extract Rows (nodalCoords , nodes)
2 2

L+ \/(coord(l,O) —coord ((),0)) + (coord(l 5 1) —coord(O, 1))
Pcr+— (4.5—0.016 kz£ «a-+1000

r
P «— Per

en,1

PCTT:[1796 1796 1796 1796 1796 1622 1622 1622 1622 2810 2810 2810 2810 1580 1580 1580 1580]

F\T
(P ) =[-0.47 —0.23 0 —0.23 —0.47 0 1.04 1.04 0 —0.45 —0.45 —0.45 —0.45 0.89 —0.3 —0.3 0.89]
cr

Bending and Compression Design for Top Chord Members

C:=min(F)=-1260 M::l_lo (Pa+Ds)-sp+(24 i'n,)2 =336 Ibf -in

O aliow *= 6.3 kst ADM 2010 Mallo’u) ::Uallow-SQ-in3 =2092 lbf‘ln

¢ + M _4.609

P cr (9) M, allow

Tr Design Summ

For All T hord Members of All Tr RT2x1x1 -T6 Wel

For R RTixix1 -T6 Wel
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n P nd P Anchor for Win lif

Dy =25 psf py+p,=35 psf P, =2 reacts(0)=1680

5
Puplift::Pd_s'?: 1200 Tall:: 1412 FOI’ one bolt, per HILTI

Canopy Anchorage to Wall
Minimal shear reaction in bolt assuming two per truss: W,=210

Also no pullout force present. Simply anchor into facade assuming brick ties.





