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The findings in this report are not to be construed as
an official Department of the Army positian unless so
designated by other authorized documents.

This program is furnished by the Government and is accepted and
used by the recipient with the express understanding that the United
States Government makes no warranties, expressed or implied,
concerning the accuracy, completeness, reliability, usability, or suit-
ability for any particular purpose of the information and data con-
tained in this program or furnished in connection therewith, and the
United States shall be under no liability whatsoever to any person
by reason of any use made thereof. The program bslongs to the
Government. Therefore, the recipient further agrees not to assert
any proprietary rights therein or to represent this program to anyone
as other than a Government program.

The contents of this report are not to be used for
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Preface

This manual presents a detailed design example emphasizing major capabilities of the Computer Aided
Structural Modeling (CASM) computer program which is a program designed to aid the structural engineer
in the preliminary design and evaluation of structural building systems by the use of three-dimensicnal
interactive graphics.

Funds for the development of this program were provided to the Information Technology Laboratory (ITL),
US Army Engineer Waterways Experiment Station (WES), Vicksburg, MS, by the Directorate of Military
Programs, Headquarters, US Army Corps of Engineers (HQUSACE), under the Research, Development,
Test, and Evaluation (RDT&E) program. The work was accomplished under Work Unit No. AT40-CA-001
entitled “CASE (Computer Aided Structural Engineering) Building Systems.” The work was performed by
members of Wickersheimer Engineers, Inc., of Champaign, IL, under Contract No. DACA39-86-C-0024.

Funds for publication of this report were provided to ITL under the RDT&E Program and CASE Project.

Specifications for the program were provided by members of the Building Systems Task Group of the CASE
Project. The following were members of the task group during this phase of program development:

Mr. Dan Reynolds, US Army Engineer (USAE) District, Sacramento (Chairman)
Ms. Anjana Chudgar, USAE Division, Ohio River

Mr. Pete Rossbach, USAE District, Baltimore

Mr. Gary Close, USAE District, Savannah

Mr. Dave Smith, USAE District, Omaha

Mr. Mark Burkholder, USAE District, Tulsa

Mr. Jerry Maurseth, USAE District, Portiand

Mr. Young Hsu, USAE District, Memphis

Mr. Michael Pace, WES

The computer program was written by Messrs. David Wickersheimer, Gene McDermott, and Carl Roth of
Wickersheimer Engineers, Inc.

This report was written by Messrs. Wickersheimer, McDermott, and Roth and Mr. Michael E. Pace,
Computer-Aided Engineering Division (CAED), ITL, WES.

The work was monitored at WES by Mr. Pace, under the general supervision of Mr. H. Wayne Jones,
Chief, Scientific and Engineering Applications Center; and Dr. N. Radhakrishnan, Director, ITL. Mr. Charlie
Gutberlet is the HQUSACE Technical Monitor.

During publication of this report, Dr. Robert W. Whalin was Director of WES. COL Leonard G. Hassell,
EN, was Commander and Deputy Director.




Project Descrioti

This 1 and 2 story project is to provide approximately
9,500 gross square feet of office space for one of two
possible sites:

(a) Charleston, South Carolina

(b) Radford AAP, Virginia

Soil conditions are unknown at both sites.

The following project criteria has been established:

1.

The 36' x 72 space on the first level shall be column free for open office planning.
The 48’ x 72 first and second floor areas shall provide 24' square bays.

The first floor shall be a slab on grade with the tops of perimeter continuous wall footings set at 2'-6"
below grade. Column footings will be isolated spread footings.

The second floor occupancy live loads located on the pian are:
Offices: 50 psf
File Storage: 150 pst
Corridor, Stair & Lobby: 100 psf

Structural framing schemes to be designed and compared shall be as follows:

Scheme A: All steel, non-composite,
lateral load resistance = rigid frames.

Scheme B: All steel, composite,
lateral load resistance = X braced frames.

Scheme C: Monolithic concrete for two story portion, steel for lower roof portion,
lateral load resistance = shear walls.




Project Description
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Project Description
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Project Description

Scheme C
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Project Description

6. The typical exterior envelope consists of 5" limestone panels, 1" rigid insulation, 3-5/8" metal studs, and
5/8" drywall.

7. Window and door openings are uniformly distributed to all elevations.
8. Load Assumptions:

Importance Exposure
Category Category

Snow: | C
Wind: | C
Seismic: v

9. Material Assumptions:
Concrete: 4,000 psi, NLWT
Steel Reinforcing: Grade 60
Steel: A36

10. Fire resistance rating shall be achieved by a wet sprinkler system.
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Computer Aided Structural Modeling
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Computer Aided Structural Modeling
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Menu
v
Project > Project Data
Project Name: Office Building - Scheme C L_)
City/Installation: Radford AAP City/lnstallation
Country: USA
State: VA \l,
County: Pulaski
Desigtyn Load: TM 5-808-1 1991 Select Radford AAP
Building Code: BOCA From List
Seismic Code: T™M 5-809-10 1991
Elevation Above Sea Level: 3300 ft
No. Of Stories: 2
Floor Area: 9504 sq ft
Occupancy: Use Group B
Type Const; 3A
Seismic Lateral Load Resistance
N-S System: Blank
E-W System: Blank
Regional —> Review Regional Data
Wind
Basic Wind Speed: 70.0 mph
Coastal: No
Maximum Wind Speed: 58.0 mph
Wind Direction: SE
Snow
Ground Snow Load: 250 psf
Maximum Snow Depth: 150 in
Snow Density: 17.3 pct
Rain
Average Annual Rainfall: 440 in
Maximum Rainfail: 40 in
Temperature
Maximum temperature: 92 °F
Minimum Temperature: -24 °F
Seismic Zone: 2A: 0.150
Frost Depth: 22 in




Criteria

(e

[ Basic Design Criteria
(3 Al Other

B Print To File
Execute Notepad

Site —> Site Specific
Wind
Exposure: o)
Importance: I: 1.00
Snow
Exposure: c 100
Importance: ). 100
Roof Slippery: No
Thermai Factor: 10
Seismic
Importance: v 1.00
Sail Factor: S3 15
Soil
Blank
Print > Print Data

v

Scroll Output

v

Page Setup

Left Margin: 05in
Right Margin: 0.0in

v

Print File

v

Exit Notepad
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Criteria

Basic Design Criteria

Project Data

Project Name Office Building - Scheme C

City/Installation : Radford AAP
Country : USA
State : VA
County : Pulaski
Deasign Load ¢ TM 5-809~1 1991
Building Code : BOCA
Seismic Code : TM 5-809-10 1991
Elevation above sea level : 3300 ft.
No. of Stories H 2
Floor Area : 9504 sqft.
Occupancy : Use Group B
Type of Construction t 3A
Seismic Lateral Load Resistance
N-S System H
N-S Rw H 0
E-W System H
E-W Rw H 0
Regional Data
Wind
Basic Wind Speed H 70.0 mph
Coastal H No
Maximum Wind Speed H 58.0 mph
Wind Direction : SE
Snow
Ground Snow Load : 25.0 psf
Maximum Snow Depth H 15.0 in,
Snow Density H 17.3 pef
Rain
Average Annual Rainfall H 44.0 in,
Maximum Rainfall : 4.0 in.
Temperature
Mazimum Temperature : 92.0 deg F
Minimum Temperature : =24.0 deg F
Seismic Zone : 2A : 0.150
Frost Depth : 22 in.
Site Specific Data
Wind
Exposure H [of
Importance : I H 1.00
Snow
Exposure : C H 1.00
Importance : I : 1.00
Roof Smooth : No
Thermal Factor H 1.0
Seismic
Importance : IV : 1.00
8oil Factor : S3 H 1.5

Notes
Importance Factor for Snow and Wind:
1 All buildings and structures except those listed below.
Il Buildings and structures where primary occupancy is one in which
more than 300 people congregate in one area.
III Buildings and structures designated as essential facilities,
including, but not limited to:
Hospital and other medical facilitles having surgery or emergency
treatment areas.
Fire or rescue and police stations.
Primary communication facilities and disaster operation centers.
Power stations and other utilities required in an emergency.
Structures having critical national defense capabilities.

13




Criteria

IV Buildings and structures that represent a low hazard to human life
in the event of failure, such as agricultural buildings, certain
temporary facilities, and minor storage facilities.

Wind Exposure Category:

Exposure C:

Open terrain with scattered obstructions having heights
generally less than 30 ft,
Snow Exposure Category:

Exposure C:

Locations in which snow removal by wind cannot be relied on to reduce
roof loads because of terrain, higher structures, or several trees
nearby.

* The conditions discussed should be representative of those that are

likely to exist during the life of the structure. Roofs that contain

several large pleces of mechanical equipment or cther obstructions do

not qualify for siting category A.

Snow Thermal Factor:

Heated Structure.

* These conditions should be representative of those that are likely

to exist during the life of the structure.

Importance Factor for Seismic:

I. Essential Facilities

Hospitals and other medical facilities having surgury and emergency
treatment areas.
Fire and police stations.
Tanks or other structures containing, housing or supporting water
or other fire-suppression materials or equipment required for the
protection of essential or hazardous facilitlies, or special
occupancy structures.
Emergency vehicle shelters and garages.
Structures and equipment in emergency preparedness centers.
Stand-by power generating equipment for essentlial facilities,
Structures and equipment in communication centers and other
facilities required for emergency response.

II. Hazardous Facilities

Structures housing, supporting or containing sufficient quantities
of toxic or explosive substances to be dangerous to the safety of
the general public if released.

III. Special Occupancy Structure

Covered structures whose primary occupancy is public assembly -
capacity more than 300 persons.

Buildings for schools (through secondary) or day~care centers -
capacity more than 250 students.

Buildings for colleges or adult education schools - capscity more
than 500 students.

Medical facilities with 50 or more resident incapacitated patients,
but not included above.

Jails and detention facilities.

All structures with occupancy more than 5000 persons.

Structures and equipment in power generating stations and other
public utility facilities not included above, and required for

IV. Standard Occupancy Structure

All Structures having occupancies or functions not listed above.
Seismic Soll Factor:

53: A soll profile 70 feet or more in depth and containing more than
20 feet of soft to medium stiff clay but not more than 40 feet of
soft clay.

The site factor shall be established from properly substantiated
geotechnical data. In lozations where the soil properties are not
known in sufficient detall to determine the soil profile type, soil
profile S3 shall be used. Soil profile S4 need not be assumed unless
the Building Official determines that soll profile S4 may be present
at the site, or in the event that soil profile 54 is established by
geotechnical data.
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A. Simplify the geometric model

Modeling Philosop!

For buildings with repetitive wings, only one wing needs to be modeled.

Insignificant portions such as chimneys, dormers, and small projections, should not be modeled.

Extra wings ore not necessary Simplified model

B. Make sure planes are in contact

A gap between adjoining shapes will make the surtaces exterior.

Use the Stack options to accurately place adjoining shapes.

C. Do not intersect shapes

When modeling parapet walls,

Incorrect

D. Verify the model

make sure the comers do not intersect.

Correct

Use the Tape Measure command, zoom in on a pian, elevation and 3-D views to verify the model.
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Draw Model
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Snow Loads
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Snow Loads
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Snow Loads

Project : Office Bulilding - Scheme C
Location : Radford AAP

Design Load : TM 5-809-1 1991

Time : Sat Jan 25, 1992 5:40 PM

AR ARRANNNANRR NN RN Plat/Laan~To Roof Snow Load Dcsign (A EEEEEL SIS AR

Flat Roof Snow Load (Pf)

Pf = 0,.7*Ce*Ct*1I*Pg

Snow Exposure Category: C

Ce = 1.0

Heated Structure.

Ct = 1.0

Importance Category: I

I = 1.0

Pg = 25.0 psf

Pf = 17.50 psf

Roof Slope: 0.00 in 12

Theta = 0 deg

Check minimum Pf where theta <= 15 deg
When Pg > 20.0 psf, min P£f = 20*1

Min Pf = 20.00 psf

Since theta < 1/2 in/ft, 5 psf rain-on-snow surcharge applies.

Sloped Roof Snow Load (Ps)

Ps = Cs*Pf

Roof Slippery: No

Cs = 1.00

F e ittt +
I Ps = 25,00 psaf |
P et +

AECRRRRRN AR R AN RRAOAFES Drift Snow Load DeSign AR N RNAkEAEAAAAARNR R A AR IR

Pg = 25,0 psf

Snow Density = 17.25 pcf

Ps = 20.00 psf (rain-on-snow surcharge not included)
hb = Ps/density

hb = 1.16 ft

Projection Height = 4,00 ft

he = height-hb

he = 2.84 ft

hc/hb = 2,45 >= 0.20 Therefore consider drift load.
Importance Category: I

I =1.0

Snow Exposure Category: C

Ce = 1.0

Separation = 0.00 ft

lu = 35.17 fc

hd = 0.43*1u~1/3*(Pg+10)~1/4-1.5

hd = 1.93 ft

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
w=4*hd = 7,71 ft

w = 4*hc = 11.36 ft

hd = hd*{20-3)/20 = 1.93 ft

hd <= hc

Pd = hd*density

R e T L T e e +
| Pd = 33.23 psf !
P e m - — - e - +




Snow Loads

teRAB NS RR RN A AR ARenknndd Drift Snow Load Dollgn AERRERAR ARSI A A IR R R A AN NS

Pg = 25.0 paf

Snow Density = 17.25 pcf

Ps = 20.00 paf (rain-on-snow surcharge not included)
hb = Pa/density

hb = 1.16 ft

Projection Height = 4.00 ft

hc = height-hb

hc = 2.84 ft

hc/hb = 2,45 >= 0.20 Therefore consider drift load.
Importance Category: I

I =1.0

Snow Exposure Category: C

Ce = 1,0

Separation = 0.00 ft

lu = 72,00 ft

hd = 0.43*1u~1/3* (Pg+10)~1/4~1.5

hd = 2.85 ft

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
w = 4*hd = 11,40 ft

W = 4*hc = 11.36 ft

pommmmnem—e ST L PR LS +

| W= 1l1.36 ft |

hd = hd*(20-s)/20 = 2.85 ft
hd > hc, therefore hd = hc = 2.84 ft
Pd = hd*density

AR AR RR 222022 2] Drift Snow Load De'ign I ARZEAA RSS2l dl 2d

Pg = 25,0 psf

Snow Density = 17.25 pcf

Ps = 20.00 psf (rain-on-snow surcharge not included)
hb = Ps/density

hb = 1.16 ft

Projection Height = 14.00 ft

hc = height-hb

hc = 12,84 ft

hc/hb = 11,08 >= 0,20 Therefore consider drift load.
Importance Category: I

I =1.0

Snow Exposure Category: C

Ce = 1.0

Separation = 0.00 ft

lu = 49.67 ft

hd = 0.43*1lu”1/3*(Pg+10)"1/4-1.5

hd = 2.34 ft

Width of drift: W = minimum of 4*hd or 4*hc >= 10 ft
w = 4*hd = 9,38 ft

w = 4*hc = 51.36 ft

hd = hd*(20-s)/20 = 2.34 ft

hd <= he

Pd = hd*density

P L L r e P e T T +
| Pd = 40.44 psf |
I e T +
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Main Wind Force Resisting Loads

Wind Load: GCpi=0 (psf)
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Main Wind Force Resisting Loads

Project ¢t Office Building ~ Scheme C
Location :+ Radford AAP
Design Load : TM 5~809-1 1991
Time : Sat Jan 25, 1992 5:46 PM
AR ANR KRN AR R AN RN R A AR A A AR kR kR "ind Lo‘d - 1 ARAAARAR R AN AR RN R AR R R RN R RN N
Velocity Importance Exposure Wideh Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
{(mph) (fr) (ft)
70.0 1.00 c 36.0 73.7

Distance to ocean line >= 100 mi. h/d = 0.39 <= 5

AR RARRARS Ak koA Ak hA M‘in Ftuinq Pressures AARR A AN ANAR R AR RN kA ARk

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(ft) (paf) GCpi=0 -0.25 0.25

Windward Wall

parapet 22.0 1.32 0.89 11.2 0.80 11.8

level 3 18.0 1.32 0.84 10.5 0.80 11.1 13.6 8.6

level 2 - 3 16.0 1.32 0.82 10.3 0.80 10.9 13.4 8.4

level 1 - 2 7.0 1.32 0.80 10.0 0.80 10.6 13.1 8.1

level 1 0.0 1.32 0.80 10.0 0.80 10.6 13.1 8.1
Leeward Wall 14.0 1.32 0.80 10.0 -0.30 ~4.0 -1.5 -6.5
Side Wall 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Roof 14.0 1.32 ¢.80 10.0 -0.70 -9.2 -6.7 -11.7
Internal 14.0 0.80 10.0 0.0 -2.5 2.5

LA RN RS2 RS X E ] "iﬂd LO‘d - 2 RARhk kA A AR AR AR AR N AR RAN AR

Velocity Importance Exposure wWidth Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (ft) (fr)
70.0 1.00 C 73.7 49.7

Distance to ocean line >= 100 mi. h/d = 0.56 <= 5

AARAARRRN A AR AR ARANA RN NN M.in Frmlng Pressures *AAhkAiAr Akt Akt AR Adhrkrr

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(ft) (psf) GCpi=o0 -0.25 0.25

Windward Wall

level 3 28.0 1,26 0.96 12.0 0.80 12.1 15.1 9.1
level 2 - 3 21.0 1.26 0.88 11.0 0.80 11.1 14.1 8.1
level 1 ~ 2 7.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
level 1 0.0 1,26 0.80 10.0 0.80 10.1 13.1 7.1
Leaward Wall 28.0 1.26 0.96 12.0 -0.50 -7.6 -4.6 -10.6
Side Wall 28.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
Roof 28.0 1.26 0.96 12.0 -0.70 -~10.6 -7.6 -13.6
Internal 28.0 0.96 12.0 0.0 -3.0 3.0




Main Wind Force Resisting Loads

keRhhhb AR R RN AR ARk AR ey Wind Load - 3 NRR AR NI I AN N R A AR R AR A AR AN RN AW d

Velocity Importance Exposure width Length Roocf Type
Factorx Perpend. Parallel
to Wind to Wind
(mph) (ft) (ft)
70.0 1.00 c 49.7 73.7

Distance to ocean line >= 100 mi. h/d = 0.56 <= 5

tHessaDuERRNRIRA SR o Nens Main Framing Pressures ** ¥+ rstnsrsusstnanswinhisn

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (paf)
(fr) (paf) GCpi=0  -0.25 0.25

Windward wWall

level 3 28.0 1.26 0.96 12.0 0.80 12,1 15.1 9.1
level 2 - 3 21.0 1,26 0.88 11,0 0.80 11.1 14.1 8.1
level 1 - 2 7.0 1.26¢ 0.80 10.0 0.80 10.1 13.1 7.1
level 1 0.0 1.26 0.80 10.0 0.80 10,1 13.1 7.1
Leeward Wall 28.0 1.26 0.96 12.0 -0.40 -6.0 -3.0 -9.0
Side Wall 28.0 1.26 0.96 12.0 -0.70 -10.¢ -7.6 -13.6
Roof 20.0 1.26 0.96 12.0 -0.70 -~10.6 -7.6 -13.6
Internal 28.0 0.96 12.9 0.0 -3.0 3.0
LR222 AR SRR RR2 2Rl Rd "ind LOld - 4 LA 22 RAA RS2SR 22 22 X2 222 2R 2d
Velocity Importance Exposure wWidth Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (ft) {£ft)
70.0 1.00 [ 73.7 36.0

Distance to ocean line >= 100 mi. h/d = 0,39 <= 5
X222 22222 22222222222 22 n.in rt.ming Pressures LA AAARE AR RARER 22222 2R 2]
Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(£t) (psf) GCpi=0  -0.25 0.25

Windward Wall

parapet 22.0 1.32 0.89 11.2 0.80 11.8

level 3 18.0 1.32 0.84 10.5 0.80 11.1 13.6 8.6

level 2 - 3 16.0 1.32 0.82 10.3 0.80 10,9 13.4 8.4

level 1 - 2 7.0 1.32 0.80 10.0 0.80 10,6 13.1 8.1

level 1 0.0 1.32 0.80 10.0 0.80 10.6 13.1 8.1
Leeward Wall 14.0 1,32 0.80 10.0 -0.50 -6.6 -4.1 -9.1
Side Wall 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Roof 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Internal 14.0 0.80 10.0 0.0 -2.5 2.5




Main Wind Force Resisting Loads

222222222 RS2 2222222222 R wlnd Lo.d - G kAR A AR I N A AN AR R A Ak k kR Ak

Velocity Importance Exposure Wideh Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
{mph) (ft) (fr)
70.0 1.00 [of 73.7 49.7

Distance to ocean line >= 100 mi. h/d = 0.56 <= §

LA S22 R 22 2 Mlln E‘raming Pressures AR RS2SRRSR RS2 X

Parallel to Ridge or Length

Location z or h Gh Kz qz cp External Pressure P (psf)
(ft) (psf) GCpi=0 -0.25 0.25

Windward wWall

level 2 28,0 1.26 0.96 12,0 0.80 12.1 15.1 9.1
level 1 - 2 14.0 1,26 0,80 10.0 0.80 10.1 13.1 7.1
level 1 0.0 1.26 0.80 10.0 0.80 10.1 13.1 7.1
Leeward Wall 28.0 1.26 0.96 12.0 -0.50 -7.6 -4,6 -10.6
Side wWall 28.0 1.26 0.96 12.0 -0.70 -10.6 ~-7.6 -13.6
Roof 28,0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
Internal 28.0 0.96 12,0 0.0 -3.0 3.0

Notes for main framing:
Positive pressures act toward surfaces.
Pressure or suction = P = gh*Gh*Cp-qh* (GCpi)
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Wind Components & Cladding Loads

Wind Lood: Components & Cladding (psf)
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Wind Components & Cladding Loads

Project : Office Bullding - Scheme C
Location : Radford AAP
Design Load : TM 5-809-1 1991

Time Sat Jan 25, 1992 5:49 PM

AR ALSRAR RS2 Rl ad s wind Load (AR 22 2222 R2 222 SR 2202 Rt XD

Velocity Importance Exposure width Length Roof Type
Factor Perpend., Parallel
to Wind to Wind
(mph)} (ft) (ft)
70.0 1.00 [+ 49.7 73.7

Distance to ocean line >= 100 mi, h/d = 0,56 <= 5

Height Kh gqh Gepi
(ft) (paf)
28.0 0.96 12.0 -0.25 0.25

Helght <= 60 ft

(A2 AR R R 2R 2] c°mp°n°ntlcl.dd1ng Pressures (p’f) (2222222 R sl s ]

----------------------------- Walls-—-remmmmmm e cccrrrn e c e
Windward Leeward
Tributary Zone 4 2one 5 2one 4 Zone §
Area (sf) middles corners middles corners
GCp 4 GCp P GCp P GCp P
Internal -3.0 -3.0 3.0 3.0
Limestone Panel 4.67 ft x 14.00 fr **
65.3 1.21 17.5 1.21 17.5 -1.31 -18.7 -1.57 -21.8
a=5,0 ft

Notes for components and cladding:

P = gh(GCp)-qh(GCpl)

Internal pressures have been included in above values.

* For roof overhangs: algebraically add this pressure
to the above values, P = qh(GCp) = 0.8gh

To comply with TM 5-809-1, wall external pressures

have not been reduced 10% per ASCE figure 3, note 3.

** For a rectangular tributary area, the width of the area
need not be less than one-third the length of the area.
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Finish: Carpet & Pad 10
Deck: Concrete 4" 500
Structure: Concrete Beams 00
Mechanical: Mech A/C Ducts 30
Electrical: Elect/Lighting 10
Fire Protection: Sprinkiers Wet 20
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Dead & Live Loads
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' Save
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Total: 73.2
I Save
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[ Save
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Dead & Live Loads

Loads

Floor Dead Loads

: Second Floor

Partition
Finish

Deck

Structure
Mechanical
Electrical

Fire Protection
Ceiling

51-100 plf
Carpet & Pad
Concrete NLNT 4°
Concrete Beams

: Mech A/C Ducts

Elect/Lighting
Sprinklers Wet
Susp Chnl/Tile
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Deck
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Dead & Live Loads

Name : Parxapet

Type psf
Finish : Limestone 5" 68.8
Sheathing : 0.0
Structure H 0.0
Insulation : 0.0
Finish 0.0
Total H 68.8
Name Shear Wall

Type psf
Finish : 0.0
Sheathing : 0.0
Structure : Concrete 10" 125.0
Insulation : 0.0
Finish B 0.0
Total H 125.0

Name psf
Office: Offices 50
Office: Corridor (main) 100
Office:s Fliles & Storage 150a

a. Variable design lcad. Increase may be necessary.

Notes

Uniformly distributed live loads for supporting members; i.e., two-way
slab, beam, girder or columns having an influence area of 400 sq ft or
more may be reduced with: L = Lo*[0.25+(15/sqrt(Al)))
The reduced design live load will not be less than 50% of the unit
live load for members supporting cone floor, nor less than 40% of the
unit live load for members supporting two or more floors.
Exceptions: For live loads less than 100 psaf, no reduction is permit-
ted for members supporting floor(s) in the following areas:

-public assembly

-garages [except where 2 or more floors are supported]

-one-way slab floor
For live loads greater than 100 psf and for garages used for passenger
cars only, no reduction is permitted for members supporting one floor;
however, where two or more floors are supported, a 20% reduction is
permittaed.
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Minimum Roof Live Load

Project : Offlice Building ~ Scheme C
Location ¢ Radford AAP

Design Load : TM 5-809-1 1991

Time : Sat Jan 25, 1992 6:16 PM

sARNeRvna oo nsertrren Minimun Roof Live Load (Lr) ***erawwsrsnvwvharddatas

Tributary area (At) : 96 sf

Roof slope (FY : 0.00 in 12
Lr = 20*R1*R2 >= 12

At <= 200 Rl = 1,00

F <= 4 R2 = 1,00

Lr = 20,00 psf

minimum Lr = 12 psf

demm e m e ccc e r———— +

| Lr = 20.00 psf |
$omm—— B e +

Check minimum roof live load, Lr, against minimum snow design loads.

Additionally, for the design of secondary members such as roof
decking and rafters, a concentrated live load with 250 lbs uniformly
distributed over an area of 2 feet square (4 sqft) will be included.
The concentrated load will be located so as to produce the maximum
stress in the member.
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Draw Joists In
Bay C1-D2

Draw Surface In
Bay C1-D2

‘ Double Click Right
‘ Mouse Key To End
Defining Area

v

Orientation: N-S
Spacing: 48"

| ——

i Save Linear Elements
i

——)4 Surface: One-Way

Copy Joists &
One-Way Surface
To Other Bays

v

Select Handle On
Grid C1-C2

2

Select Handle On
Grid D1- D2

v

Double Click Right
Mouse Key To End
Defining Area

v

D D—y—

Save Surface Element
Orientation: E-W

—*1 Copy Structure

|
v

Select Joists

v

Select One-Way
Surface

|
Y

Double Click Right
Mouse Key To End
Selecting Structure

Y

Select Grid
Location C1 As
The Base Point

v

Q=




Draw Structure

v

Y

|
\ 4

Draw Se<ond Floor/
Lower Roof Framing

1
i
!
{
I
|

Copy Joists &
One-Way Surface
To Other Bays

{ Paste Structure

|
Y

Select Grid
Locations C2. C3

v

Double Click Right
Mouse Key To End

Draw Trusses

"‘)* Linear Truss-Custom

1
s

I
Y

} Select Grid Location

C2-D2
T

Y

Double Click Right
Mouse Key To End
Defining Area

v

Save Linear Elements
Orientation: E-W

v

[

Truss-Custom
O Include Oppesite Side Of Root
Depth Of Support: 3
Scissors Height: o

v

‘ Repeat For Grid

‘) Location C3-D3

oikiek




Draw Structure

v

'

Draw Second Floor/
Lower Roof Framing

|
|

Draw Walls —>

Wall 2 Grid Points [€

v

Select C1 & D1 i

v

Save Wall Elements

Qrientation: N-S
Start Height: 14’
End Height: 14’
Thickness: 10°
J Al Fioors
Assign Dead Load
Shear Wall

7 |

Repeat For ﬁ
D2-D3. C4-D4

View Structure

Perspective (3D)

—>  Transparent Object

( End

Show Structure

-1~

il




Draw Structure

©

24.0

()
-

Upper Roof I

Stdirs




Draw Structure

NN
AN
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this appproach saves memory
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e
Start
N !
'
Use Loads & Design
Tool Palette

v

Assign Live Loads

|
1
|

Select Second Floor/
Lower Roof Horizontal
I Structural Plane

v

Use Occupancy (LL)
v
Highlight Office
50 psf
Assign Offices 50 psf ). F2 Key For l
Horizontal _Vertical Keyboard Input
Base Point: 24'10" 10"
Point 2: 480" 72'10"
Length: 24¢" 720"
Assign Offices 50 psf

Horizontal Vertical

Base Point: 10" 4810
Point 2: 2410" 72'10"
Length: 240" 24'0"

!
i Highlight: Corridor
f (main) 100 psf

\ 4

Assign Corrifor (main) 100 psf

Haornzontal Vertical
Base Point:. 810" 2410"

Point 2: 2410" 4810"
Length 16'0" 240"
Y

Highlight: Files &
Storage 150 pst

A4

DEROREG )
@Q\ e 0 4
~ LM
3 % vow i3
O i Hr - -

H
- ’
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Assign Loads

N ¢ ®

Assign Live Loads Assign Files & Storage 150 psf
)
Horizontal Ventical @? :

Base Point: 10" 10" N

Point 2: 24'10" 2410" ok
Length: 240" 240" &
v ok
Stop Using o 3
Occupancy (LL)

Y
| Assign Dead Loads I-—) Assign Floor Loads |—>{ Use Floor (DL)

( !

Assign Second Floor Load

Horizontal Vertical

|
-
i
|
!

i Base Point: 10" 10"
! Point 2: 48'10" 24'10"
! Length: 480" 24'0"
‘ v
| Assign Second Floor Load

Horizontal Vertical
Base Point.  8'10" 24107
I Point 2: 48'10" 48'10"
’ Length: 400" 240"

v

l Assign Second Floor Load
!

Horizontal Vertical
| Base Point: 10" 4810° ®

Point2. ag10® 7210° | O
| Length: 480" 240"
7 R
; Stop Using @ ™
' 1 Floor (DL)
Y
,7 Assign Roof Loads | Use Roof (DL)
‘ {  NextButton To
' J, " View Lower Roof
| >
: Assign Lower Roof Load D ™ ‘o
A\ i % ¥
__Horizontal Vertical | (VT
Base Point.  48'10" 10" ) : [
Point 2 8410 72700 Dyl e
Length. 360" 720" { *;;'
x ) S L
L 4 ot el
. g M
Siop Using ISP
Roof (DL} ’ .
Y
v
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Assign Loads

¢

y

Assign Dead Loads

Assign Exterior Use Wall (D
Wall Loads > se Wall (DL)
Assign Exterior Wall Load ~>» Next Bution To
(] Assign Al Floors View Exterior Wall
Horizontal Vertical ~ MmN -
Base Point. 10" 10 | (0 oy ®
Point 2: 10" 24'10" o
Length: oo" 24'0" o NS
M-
Wall Height Al |
Start: 140" ,
End: 140" Op
- &
Assign Exterior Wall Load o ~—r—
B Assign All Fioors o e
!
Horizontal Vertical h
Base Point: 10" 10" o
Point 2: 2410 100 | YT
Length: 240" oo" 3
T ©
Wall Height
Start: 14'0"
End: 140"
! Assign Exterior Wall Load
i
| BJ Assign All Floors
Horizontal Vertical
Base Point: 10" 48'10"
Point 2: 10" 72'10"
Length: o'0” 24'0"
Wall Height
Start. 140"
| End: 140
|
| 7y PR N ~
¢ /_'\':’/ \$/ N !,
Assign Exterior Wall Load N N
Assign All Floors DU I S
_ Horizontal Vertical o
Base Point: 10" 720" f ¢y ide R |
Point 2 2410 72'10" - ™
| Length 240" oo | 1L ™
v v

VA




Assign Loads

v

v

y

i Assign Dead Loads

Assign Exderior
Wall Loads

Start 140"

1 Wall Height
]
|
|

End: 140"

¥

Assign Exterior Wall Load

!r
1 [ Assign All Ficors
|

Horizontal Vertical
Base Point.  48'10" 10"
Point 2: 48'10" 48'10"
| Length: o'o* 48'0"

\'4
Wall Height

Start: 140"
End: 140"

Assign Parapet
Wall Loads

—){ Use Wall (DL) |

v

Assign Parapet Wall Load
[] Assign All Floors
Horizontal Venical

Base Point. 84'10" 10"
Point 2: 84'10" 2410"
Length: o'o" 24'0"

— 7

' Wall Height

| Start: 40"

[ End: 40"

4

‘ Assign Parapet Wall Load
! {7 Assign All Floors
|

Horizontal Vertical

| Base Point. 84'10" 480"
 Point 2: 8410" 710"
| Length: 00" 240"

v

Wall Height

Stant: 40"
End: 40"

v

.........................................

> Next Button To
i View Parapet Wall

® (g)

_ _\':l BN m L
(Dbl 3




Assign Loads

{

'

Assign Dead Loads

Assign Parapet
Wall Loads

Assign Shear Wall Load

{7 Assign All Floors

Horizontal Vertical
Base Point:  48"10" 72'1¢"

Point 2: 84'10" 72'10"
| Length: 36'0" (00
Wall Height
Start: 40"
End: 40"

v

Assign Shear Wall Load

[ Assign All Floors
Horizontal Vertical

Next Bution To
View Shear Wall

Base Point:  48'10" 10"
Point 2: 84'10" 10"
Length: 36'0" oo
Wall Height
Stant: 4'0"
End: 40"

v

Assign Shear Wall Load

[] Assign All Floors

Horizontal Vertical
Base Point: 84'10" 24'10"
Point 2: 84'10" 48"10"
Length: oo 240"

v

Wall Height
Start: 4'0"
End: 40"

v

Stop Using
Wall (DL)

o ©
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Assign Loads

y

Y

Assign Dead Loads

Assign Upper
Roof Loads

Select Upper
Roof Horizontal

Structural Plane

|
|
|

v

¥

Use Roof (DL)

v

Assign Upper Roof Load

[ Assign All Floors

Horizontal Vertical
Base Point: 10* 10"
Point 2: 48'10" 72'10"
Length: 480" 72'0"

|
Y

Stop Using
Root (DL)

Assign Ground
Floor Wall Loads

Select Ground
> Floor Horizontal
Structural Plane

v

Structural Plane Information
Name: Ground Floor

v

Close Structural
Ptane Information
| Dialog Window

|
L7

Use Wall {DL)

Y

rAssign Exterior Wall Load

O Assign All Floors
Horizontal Vertical

Base Point. 84'10" T
Point 2: 84'10" 2410"
Length: oo" 240"
. A

Wall Height

Start' 14'0"

End 140"

v

;  NextButton To
i View Upper Roof

® O O

P S -

.» NextButon To
i View Exterior Wall

e TN N
RoRECRES IO
N

____________

74




Assign Loads

'

v

Assign Dead Loads

View Loads

Assign Ground
. Floor Wali Loads
Y
Assign Exterior Wall Load
[ Assign Ali Floors
Horizontal Ventical
Base Point: 8410 48'10"
Point 2: a410" 72'10"
Length: o'o" 24'0"
Wall Height
Start: 14'0"
" End: 140"
]
Y
Stop Using
Wall (DL)
Show Loads
None

® ® ¢C B
UL
@EA_.'_-,IL .
o L
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Assign Loads

alNae
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; ; 1.
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A. Select: * Material
* | oad Combination
(Live Load Reduction)
* Element To Analyze

B. Raview: * Attributes

* Quidelines ‘ﬁ

C. Connectivity
PN &

ANAN

14
—

PASAY

Y 0
Yt 8
8
— 8

D. Self Weight Estimate  * Guidelines [ﬁ]

| Pattern Loads
E. Analysis  * Review Loads — » DL e } —
‘l* l LL eme— ey
* Analysis Output Vv € ;

| =1 c —
E=1 N M

A =1
000 a %M

F. Re-Analysis (with real properties)
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Analysis & Design Philosophy

Prelimi Desi
* Maximum V's, M's, R's, etc. sent to Excel
Spreadsheets
Title
Connectivity Loads M
Dimensions
Allowable Stresses
Allowable Deflections Required: | & S
Choices & Options Table
Selection

sent back
to CASM




T\

Start

)

y
I

s

Use Loads & Design

Tool Palette

v

Select Upper
Roof Horizontal
Structural Plane

v

Material Concrete

v

Load Combination
14D +1.7S

Use Load

Combination

v

Set Factors

Dead: 14
Snow: 17

v

Add

v

OK Button To Close
Dialog Window

Highlight
14D+ 175

Select Element To
Analyze & Design

Surface One-Way
C.I.P. Siab

|

1

Y

Select A One-Way
Surface Element

4

Review Element
Attributes & Guidelines

Iyom g
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Surface Element Analysis

v

I Preliminary Analysis

Use Preliminary

i Analysis
Units: Feet & Pounds

[J Use Actual Properties
[J DL=Deck+Self Weight

v

B4 Include Superimposed Dead Load

Decking Analysis
Number Of Spans: 3
Distance From Edge: 12

Starting Span Number: 1

v

Analysis
Analysis File Name: Optional

Yes, The Loads & Cannectivity
Are Correct

v

View Shear, Moment &
Deflection Diagrams

v

Excel Data
@& Execute Excel

End )

1.40 Geod {pi}

140 Soprimpoed eod ) «_ + 4§ 1 +_ 2}
LI
T Lk F b ]ﬁ 3.n—T

sl (1)




Surface Element Analysis

1.40 Dead (plif)

1.40 Superimposed Dead (plif) \2

1.70 Snow (pif)

413.3

Shear (ib) ‘\

70.0
16.7
k72 72 k72 72 72 72 Y ¥
42.5
VAN ~ Ay
b0 so—+ a0
620.0
516.6
-4133
-516.6
-620.0

661.3 661.3

206.7

Moment (Ibft) AN
0.0 / \ 0.0
Lm -5204 2.825-5‘*'886-
1292
Defiection L,
—_—— \_,_,
4133 1136.6 1136.6 4133

Tota! Combined Load







L

Start

v

Review Material
Properties & Depth
| Limit

—
[ Trial Slab Depth

' O Send Member Size
: To CASM

\’

! Select Rebar
; Sizes

v

. Review Calculations
& Selections

Trial Slab Depth

& Send Member Size
To CASM

v

Print Spreadsheet

I

Return To CASM

v

Restore CASM

v

Cancel Selected
Element

™
Y

End

. Use Scratch Pad To Explore
Support Conditions, Span,
And Loading Alternatives

. ZSUS

Select Slab Depth
& Rebar Size

Print Spreadsheet

....................... Voo
Return To Preliminary l

CASM icon




Concrete Slab Design




Concrete Slab Design

Concrete Slab Selection

CONCRETE SLAB PRELIMINARY SELECTION

‘Project: Office: Bw!ding Schama C_ I Date: Fab 26, 1992
‘Location: Radford AAP. . . - ”Eh’gr’:’ .................................
CASM Load & Analysis Data:
Method: Analysis Load Combination: 1.4D + 1.7S
Member ID: Factored Moments (k-ft)]Fact. Reactions
Connectivity: Beam (Left) Load Type Left Mid | Right | Left(k) | Right(k)
Beam (Right) Dead 0.4 0.4 0.4 0.3 0.3
Slab Span: 8.0 ft Sup Dead 0.1 0.1 0.1 0.1 0.1
Trib Width= 12.0 in Live
Depth Limit= 8.0 in. max Lmin Roof
Concrete F'c= 4.0 ksi Snow 0.3 0.2 0.3 0.2 0.2
Concrete Wt= 145 pct Wind
Steel Fy= 60.0 ksi Summary 0.8 0.7 0.8 0.6 0.6
CASM Preliminary Slab Thickness/Values:
ACI Preliminary Dimensions: Design Data: Rebar Ratios:
ACi Depth: L/ 28.0= 3.4in Bending phi(¢)= 0.90 pmax= 2.14%
Trial Depth= 4.00in Span= 3 beta(B)= 0.85 12pmax= 1.07 %
Cover: Top= 0.75in Btm= 0.75in m= 17.6 pmin= 0.33 %
d= 1.00in d= 3.00in Ru= 581 psi
CASM Preliminary Slab Reinforcement:
Left end Mids Right end
Reqd | Select | Reqd | Select| Reqd | Select
Mu (kf) 0.83 1.74| 066| 1.74 0.83| 1.74|Shear Capacity:
Ru (psi) 102 215 82| 215 102 215 ¢Ve= 3.9k
Reqd p (%) 0.19 037} 0.15] 0.37 0.19f 0.37
Reqd As (sq in.) 0.07 0.13 0.05] 0.13 0.07} 0.13|Shrinkage/Temp
Rebar & #4 18.00 18.00 18.00 Reinforcement
Spacing #5 18.00 18.00 18.00 Rqd As= 0.09
Options: #6 18.00 18.00 18.00 Selected
Selected Bar Size: #4 #4 #4 Bar Size= #3
Selected Spacing: 18 in 18 in 18 in Spacing= 15in
As (sqin/ft)=:] 0.13 0.13 0.13 As= 0.09
4." slab  Quantities:
[ Depth= 4.00 in} ConcVol=_ .012cy/st | RebarWgt=  .0005 tons/sf |

Notes:

1. ACI| 318-89 Strength Design used for sizing member.
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4 A
Start
N
|
Y
Use Loads & Design
Tool Palette
Select Second Floor/
Lower Roof Horizontal
Structural Plane
T
V4
Material Steel
1
Y
Load Combination Use Load
D+S Combination
| v
Ii Set Factors
i Dead: 1.0
Snow: 10
Add
OK Button To Close
| Dialog Window
|
—
Highlight D+S
> In List
i
Select Element To - Linear Narrowly Spaced
Analyze & Design Open-Web Joist-K
| ¥
Select A Narrowly Spaced
Element Near A Corner
Y
Review Element
Attributes & Guidelines
v

mivinid
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Narrowly Spaced Element Analysis

|
Y
Preliminary Analysis >

Use Preliminary

Y
Analysis

Units: Feet & Pounds
O Use Actual Properties
[J DL=Deck+Seit Weight

|

Y
J Connectivity

Left Hinge
\ Right. Roller

¥

Self Weight
Estimated Self Weight: 0.0

¥

Analysis
Analysis File Name: Optional

Yes. The Loads & Connectivity
Are Correct

v

View Shear, Moment &
Deflection Diagrams

v

Excel Data
@& Execute Excel

- )
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190 Deed {p¥)

110 S Do {§)

100 Spor ()

g
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w—
M
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Narrowly Spaced Element Analysis

1.00 Dead (pif) 7.2

183.6 1100.8

1.00 Superimposed Dead (plf)

296.0
179.8 179.8 2063
1.00 Snow (pif) 74
AN AN
'rL 24.0 Y
4489 1

aar (Ib)
77189.1 -4816.4

Moment (lbft)

0.0 0.0

3706 370.6 397 1 %
%} S S S S S S A ¢ J’ﬁi
w

4489 1 . 4816.4
Total Combined Load
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Narrowly Spaced Elernent Analysis

MEMEER DATA
¢ TN DDMINSICUAL FRAME ANALYSIS PROGRAM ¢ [N
L STIFY  CARRY OVER
K13 I PACTIOR
2-0 FRANE AMALYSIS-V #/77 RUN-Gun Jen 26, 1992 1110 "W 1 1 2 b3 1 ° b3 4.00 4.00 9.80
2 2 3 1 1 o 1 4.00 4.00 0.3%0
3 3 L] 1 1 [ 1 4.00 4.00 0.%0
4 4 5 1 1 [ 1 4.00 ¢.00 0.%0
IArOY? s S L 1 1 ° 1 4.00 4.00 0.80
L] L 7 1 1 e 1 4.00 4.00 6.%0
7 7 L 1 1 ° 1 4.00 4.00 0.30
s 0 ] 1 1 ° 1 4.00 4.00 0.80
Offiee Building - Schems C -- Desd Losd [ 10 1 1 ] 1 4.00 4.00 0.%0
10 10 11 1 1 ] 1 4.00 4.00 0.50
WARIR OF ELIBENTY - 10
WREBER OF WOUAL FOINTS - 11 ooTPOY A
WONBER Of MATERIALS - 1
WREER OFf SLIMENT TYPES - 3
WRGIRA O ELASTIC JUTPORT TIVES = o
WRBER OF FiXED IND TOACE TYPRS 1 JOINT DISPLACEENTS
UWITS: DICERS, RADIANS AFTRR DIVISION BT BI
MATERIAL TIPS JOorwT X-DISPL 1T-DIIFL s
ONITR; INCERS, FOUNDS 1 0.0000 ¢.0000 ~597196.7042
2 0.0000 -16872481.2041 -56375).7¢43
MATSRIAL TOONT’ 3 POIISOW’ § 3 0.0000 -31921840.245%4 ~472979.83831
WooLos BATIO 4 0.0000 ~43703338.4237 =339207.7734
s 0.0000 ~51103012.7339 -176770.2401
1 1.0000 0.0000 L3 ¢.0000 -53747710.5762 ~0.0000
ki 0.0000 -51185019.7359 176770.3481
L] 0.0000 -43703339.4237 339207.773%4
] 0.0000 -31921 Ariil) 472979.0331
10 0.0000 -16872401.3041 363753.7¢8>
11 0.0000 0.0000 $97196.7842
IRBAR wmre oF
AaA TR IN MBGRR 1D FORCES
1 1000.0000 0.0000 1.0000 UNITS: TART, POUMDS
b 37 ) AXIAL 1 SWRAR 1 MOMEMT T AXIAL 3 HOMEMT J
STIAARY OF IN-SPAN LOADS 1 9.000 0.000 (1)
Rt ettt 2 0.000 0.000 333.77¢
POSITIVE I8 UPNARD MID COUMTERCIOCKWISE 3 0.000 0.000 433.4%¢
UNITY FRET, PO L] 0.000 ©.000 497.482
3 0.000 °.000
LOAD LOAD wa STARTING  STARTING BOING WDING € a.000 0.000
mr TS 12 A ] 7 0.000 0.000
L] 8.000 0.000
1 owIram 2.40 -7.20 0.00 2.40 » ©.000 0.000
10 0.000 0.000
CTIXED SMD FORCES I LOCAL OOORD INATES
AFPLIED JOINT LOADS AND SUPIORT REACTIONS
ONITS: FREY, POUNDS
UNITS: TERE, POUNDS
8 AXIAL I SERAR I L - AXIAL 7 SERAN I L
ncos FORCE X FoRCce ¥ NOMENT $
1 0.000 ..640 3.48¢ 0.000 ..840 ~3.45¢
1 0.000 96.400 -0.000
2 0.000 ¢.000 0.000
3 0.000 -0.000 0.000
JOIWNT DATA 4 0. 000 9.000 0.000
e el s 0.000 -0.000 -0.000
UNITH: FRET. POONDS . 0.000 0.000 0,000
7 0.000 -0.000 0.000
SOUMDARY CONDITIONS ] 0.000 -0.000 0.000
WODAL COONDINATES WCDAL FORCES MID NONENTS BLASTIC 9 0.000 0.000 a.000
OB CO0S x R 4 z ¥ L] JOPPORT TIXE 10 0.000 -0.000 0.000
- n 0.800 06400 6.000
1 110 13.00 0.00 0.00 0.00 0.00 o
2 L] 18.40 0.00 0.00 0.00 0.¢0 °
3 ° 17.90 0.00 6.00 .00 0.00 L
4 o 20.20 0.00 0.00 0.00 0.8 o *¢*PROBLIMS CONPLETED® *
s o 23.¢0 0.00 0.00 0.00 .00 °
¢ o 28.00 0.00 0.00 0.90 0.00 o
7 [ 7. 40 0.00 0.00 0.00 .00 °
. L] 2%.00 0.90 0.00 .00 0.00 L] . Ak awsess
’ L] 32.20 0.00 0.00 0.00 0.00 o * THD DINENSIONAL FRAMZ AMALYSIS YROGRAN *
10 L 34.640 0.00 0.00 0.00 0.00 L . e
11 10 37.00 0.00 0.00 0.00 0.00 o

2-0 TRAVME AMALYIIS-V §/77 AOW-Sun Jan 24, 1992 1:10

Ry

* IMmror

Office Building - Scheme C -- Superimposed Dead Load




Narrowly Spaced Element Analysis

oWITE: INCERS, POTNDS

MATERIAL  YOUWO' § OIS0’ 3
L BATIO
1 1.0800 0.0000
RN FROPERYIES
oNIte: INCERS
BLINT ARZAL SERAR wemr OF
S ARBA AREA THERTIA
1 1000.0000 0.0000 1.0008

SOORRT OF IW-SPAN LOADS
POSTLIVE 19 UPNISD MED COUNTRRCILOCKNISE
oNiTS: FEET, POUEDS

LOAD LOAD o STARSTIG STARTING BTG OING
SBT TN LENGTS 08
1 mIram 2.40 -183.640 0.00 2.40
FIOD B FORCES IN LOCAL COOEDINATES
UNITS: FEEY, PFOUNDS
708 AXIAL T SEBAR 1 MDMEET I AXIAL SMMAR J MOMENTY O
1 0.000 88.13¢ 0.000 220.3%0 -8s5.120
JOTWE DATA

BOMMDARTY COMDITIONS

wobs coos x 4 = T L] RIRT TINE
1 110 13.00 .00 0.00 0.00 .00 o
2 9 18.40 0.00 0.90 9.00 0.0 °
3 o 17.80 0.00 0.00 0.00 9.00 L]
L] L 29.20 0.00 0.00 o.00 9.00 °
s L 23.90 0.00 0.00 o.00 0.00 °
. o 0.00 0.00 .00 e.00 °
T 0 0.00 0.00 0.00 0.00 °
L] 14 0.00 0.00 0.00 0.00 °
’ 0 0.00 0.00 .00 0.00 L
10 o 0.00 0.00 0.00 0.00 L]
1 10 .00 0.00 0.00 0.00 o
MBEER DATS
"L sy CARRT OVER
s T TACTOR
1 1 2 1 1 L 1 4.00 4.00 0.30
: 2 3 1 1 (] 1 4.00 4.00 0.50
3 L} 1 1 o b3 4.00 4.00 09.5%0
¢ . 3 1 13 L 1 4.00 4.00 0.50
L] L] [ 1 b L] 1 4.00 600 ©.%0
[ ] 7 b3 1 o 1 4.00 4.00 0.50
? 7 L] 1 1 o 1 4.00 4.00 0.50
. L . 1 1 L] 1 4.00 4.00 0.50
* ’ 10 1 1 L 1 6.00 4.00 0.%50
10 10 11 1 1 [ 1 4.00 4.00 0.%¢
* ovtrrU? b

ONITS: INCERS, RADIANS AFTER DIVISIOR BY BI

Jorwe T-O18PL
1 0.0000 0.0000 -13220519 1]
2 9.0000 ~430248292.2300 -14373721.6233
3 9.0000 -014004982.7074
(] 0.0000
s 9.0000
. 0.0000
b 0.0000
L] o.0000 ~1114438179.0004
L4 0.0000 ~014006982.7074
10 0.0000 -430248292.2500 14378721.4238
11 0.0080 0.0000 13220318 £1)
MBEER BD rOSChHs
UNITS: FEEY, POUNDS
uns AXIAL I SERAR T MIET L ARIAL J SERAR 5 -y
1 0.008 2203.300 0.000 0.000 -1762.340 4738.912
2 0.000 1762.560 -4730.913 0,000 -13321.920
3 0.000 1331.920 8.000 ~001.280
L} 0.000 1.280 -11104.128 o.000 ~440.460 12€90. 433
s 0.000 440.640  -126920.433 0.000 0.000 13319.201
L] ¢.000 ~0.000 ~13319.20% 6.000 440, 040 12890.433
7 0.000 ~440.640 ~12690.433 9.000 081.200 11104.120
L] 0.000 1.200 -11104.12¢ 0.000 1321.920 8480.299
» °.000 -1321.920 -8460.289 0.000 1762.35¢0 4738912
10 0.080 ~1763.9¢0 -4734.913 e.000 2203 .200 ~0.000
AFPPLIED JOINT LOADS ARD SURPPORT REACTIOWS
ONITS: TEET, JOLNDS
woos FORCE X TORCE T WRENY €
1 9.000 2203.300 0.000
2 9.000 -0.900 0.000
3 0.000 0.000 ~0.000
4 0.000 0.000 -0.000
s 0.000 -0.000 -0.000
L] 0.000 0.000 =0.000
7 0.000 0.000 -6.000
: 0.000 0.000 0.000
? 0.000 0.000 o.000
10 9.000 ~0.000 0.000
11 0.000 2203.200 -0.000
*PIORLAE ONPLATED® ¢
* WO s .

2-D FRAME AMALYSIS-V §/77 RONM-@wn Jan 26, 1992 110 Pm

ImroOT

Oftise Building - Sehame C -~ Snow Lead

WRGER OF ELIEENTY - 10
WARER OF WODAL FOINTS - 11
WREER OF MATEAIALS - 1
WASER OF ILEGNNT TYTRS - 1
WOABIR OF BLASTIC SUPFORT TIVES = °
WREER OF FIXND WD FORCE TYPRS = s

WATERIAL TYFSS

URITS: DICERS, POUNOS

MATER 1AL TOUMG’ 8 rOISSON’ §
MOOOLDS RATTO
1 1.0000 0.0000

1€00.0000
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Narrowly Spaced Element Analysis

\‘ R AXIAL I SERAR 1 NOMENT 3 AXIAL J uoMES®
1 0.000 2199.520 0.000 0.000 4761.137
2 0.000 1768.094 ~47631.137 0.000 8406.082
! 3 0.000 1334.448 "2 ©¢.000 11177.143
: STRIE NG Ome mDINe 4 9.000 208.243 -11177.163 0.080 12832.011
s 9.000 473.813  -12032.011 0.000 13431.45¢
L} 0.000 42.30% -13431.43¢ 0.000 13038.477
2.40 ? 0.000 -369.037  -13033.477 0.000 11382.273
1.33 L] 0.000 ~838.477 -11582.273 0.000 2038
-109.0¢ 2.40 ’ 0.000 ~1304.748 ~$03 (1) 0.000 3251.550
-206.38 2.00 10 0.000 ~1866.07¢ -3381.888 0.000 -0.000
-213.18 2.40
~254.959 2.40
~294.00 2.40

AFPLIND JOINT LOADS AND STRICRT REACTIOWNS

UNITe: FEST, POUNDE
FIXED END FORCES 1IN LOCAL OOOSDINATES

s TORCE X TONCS Y MWOMENT S

ONITS ¢ FEBE, POCNDE
1 0.000 2199.320 0.000
s ANIAL I SERAR I W T X AXIAL I SERAR ¥ WET 3 2 0.000 ~8.000 0.000
3 0.000 -0.000 0.000
1 0.008 215.M13 0.000 213.71) 4 0.000 0.000 ~0.000
2 0.008 216.120 0.0600 220.2313 s 0.000 0.000 ~0.000
3 0.000 236.33¢ 2.1 0.000 144,933 -96.788 L] 0.000 a.000 0.000
4 0.000 79.727 110.278 0.000 290.603  -114.294 R 9,000 9.000 0.000
L] e.000 320,017 130.184 0.000 340.293 -134.130 L} ©.000 -0.000 -0.000
1] ©0.000 0.000 0.000
1¢ 9.000 ~0.000 0.000
1 0.000 2526.7e8 -0.000

JOINT DATA

THItH. FRET, POVS
*PROBLEMS COMPLATED*®*
BOUMOMAY OCMDITIONS

WADAL COORD IMATES WAL TORCES MO MOMITS BLASTIC
nobg COON z 4 x k 4 s SURPORT TIPS
3 110 e.00 o0.00 9.00 0.8 ° ¢ ™ SRS .
2 0 0.00 0.00 0.00 9.00 L]
3 ° 0.00 0.00 8.00 0.00 °
L} ° 0.00 0.00 .00 0.00 °
s ° 0.00 .00 9.00 e.00 °
. ° 0.00 0.00 0.00 0.00 ° 2-0 FRAME AMALISIS-V §/77 RDM-Swn Jun 26, 1992 1110 ™
7 L] 0.00 .00 0.00 0.0 o
(] L] 0.00 0.00 °.80 o.00 o
’ [} 0.00 .00 0.00 a.00 (]
18 o 0.00 0.00 0.00 0.00 [] TwrVOT
1 10 e.00 0.00 e.00 0.00 L
offise Pallding - Sohame C - Total Cavbinmed Lead
NEBEER DATA
ALS WOUR WODE MAT WLB B8 Tr.a.r. L2 STIFY  CARRY OVER WASER OFf ELIBAMTS - 1e
1 J TS TR CODS  TOMR =3I T TACTOR WOMBER OF NOUDAL POTNTS - 11
WRAER OF WATERIALS - 1
1 b 2 1 1 ° 1 ?.%0 WEREER OF ELEENT TITES - 1
2 2 3 1 1 ° b 0.50 TR OF RLASTIC SUPPCRT TIFRS = °
3 ) 4 3 1 ° 1 0.350 WRESE OF FIXED B FORCE TIFSS = s
4 4 s 1 3 L] 1 ©.50
s s L] 1 1 ° 1 0.8¢
L] L] 7 1 1 L] 1 6.50
? ki . 1 3 L] 2 0.%0 MATERIAL TYPRS
L] L] * 1 1 ° 3 q.00 0.5¢ =000 ceccececcaves-
’ , 10 1 1 ° 4 4.00 0.5¢ ONITS« INCERS, POUNDS
10 10 11 1 1 L] s q.00 9.50
MATER IAL TOURG' 9 rOISNON’ S
MOULOS RATIO
ocuTrrGCY 1 1.0000 0.0000
JOIWE DISPLACEHGNNTS
ONITSs DICERS. AADIANS AFTER DIVISIOR %Y BI
sorwe o180 L 1-DIL L} Blmamrr AXIAL PRRAR L
wr ARER MBA THERS 1A
1 0.0000 0.0000 ~1S477674.96886 = ceeccccccdcmcesees e —msmcccnmmee e o e e
2 0.0000 -437429473.13¢7 ~14828130.2787 3 1000.0000 0. 0000 1.0000
3 0.0000 ~-820920035.9620 ~12306087. 6764
L] ¢.0000 -1135615012.7337 -0070299.390¢
s 6.0000 -1332514703.3772 7. 6362
L] 0.0000 -1492344704.5933 -12009. 333
7 0.0000 ~1339391807.77142 4478667.3993
s 0.0000 ~12476714801.9334 0782676.3217 POSITIVE IS UPWARD AND COUNTRRACLOCKWISE
14 0.0800 -841413357.1633 12338729 40 UNITS: FRET, FOUNDS
) 10 0.0000 -446233743.7972 14048320, 1640
n 0.0000 0.0000 138 3.5358 LOAD LOAD L2 STARTIWG START ING DD 1ING oING

ST TIPR LENQTE  MAGHTTUOR POSTTION MAGHITIOE POSITION

1 ueorsm -370.5¢ 0.00 2.40
2 onoram -190.80 8.00 2.40
2 tmirmm -179. 78 0.00 1.32
2 e -179.7¢ 1.32 -189.06 2.40
ERR g ) 0.00 2.40
3 e 9.00 -206.33 2.00
3 we 2.00 -213.18 2.40
4 OMIrEM 0.00 2.40
4 e 0.00 -294.89 2.40
3 OnIred 0.00 2.40
3 e ¢.00 -19€.00 7 4t




Narrowly Spaced Element Analysis

TIEED BD FORCES IN LOCAL OOCEDIMARRS OR FORCE X
NIty AR, POCMDS b3 8.000
2 ¢.000
ka4 AXIAL T ARIAL J SERAR J noE—T 3 3 0.000
L) 0.000
3 9.000 9.000 s 0.000
2 9.000 0.000 L 0.000
3 e 0.000 7 0.000 ~0.000
4 0.000 301.862 ©¢.000 519.543 L] 0.000 0.000
L] 0.000 231.738 0.000 5€9.253 ~223.714 s 0.000 0.000
10 0.000 0.000
11 0.000 0.000
JOINT DAZA
OWITS: THBT, POUNDS *PROBLING CONPLETED®*
BOCMDARY COMDITIONS
WGDAL COOSD INATRS WCOAL FORCRS AFND WOMENTS RLAS?IC
woe xos x 1 4 z R 4 s PPN TN
1 110 13.00 0.00 ¢.00 0.00 .00 o
2 ° 15.40 0.00 0.00 0.00 0.00 o
3 L] 17.80 0.00 .00 0.00 0.00 o
L] L] 20.20 0.00 0.00 .00 0.00 °
s ° 23.60 0.00 0.00 0.00 0.00 L
. o .00 .00 0.00 0.00 °
7 L] 0.00 .00 0.00 0.90 L]
[ L] e.00 0.00 0.00 0.00 [
L] ° .00 0.00 0.00 0.00 [
10 ° 0.00 0.00 0.00 0.00 4
1 10 .00 0.00 0.00 0.90 L
r.A.r. AL STIFT CARRY OVER
I ¥ TIPE TR CODE . xxJ "I FACTOR
11 2 1 1 L] 1 0.50
2 2 3 1 13 ° 1 0.%0
3 1 e 1 3 ° 1 0.50
4 4 s 1 1 ° 1 0.30
s s L] 1 1 ° 1 0.50
¢ ¢ 7 1 1 ° 1 0.%0
7 7 L] 1 3 L] 2 0.30
L L L] 1 1 o 3 0.5¢
’ ’ 19 13 1 L 4 .30
19 1 i1 1 1 ° s 0.50
oorPrUT
JOINT DISPLACEHMNTS
CUITE: INCEES, AADIANS AFTER DIVISTON BY AT
Joswr L} T-DISTL s
b3 ¢.0000 0.0000 -31363390. 4317
2 0.0000 JT108 4833
3 0.0000 ~1874257630. 9534 ~24840024.3138
4 9.0000 -2293733800.1650 -17067308. 76
s 9.0008 -9394109. 41
] 0.0000 ~120094.4333
7 0.0000 ~2695954386.4031 2163079.1732
(] 0.000¢ -2303009959 . 3473 17751682.6991
L] 0.0000 -1607348400 .3 422 24892 4029
10 0.0000 -$93354317.931) 29806903.332%
13 9.0000 9.9000 316433009090
MBMAR D FORCES
UWITE: FEEF, POUNDS
ns AXIAL I Y I ARIAL SERMR J e
1 0.000 0.000 0.000 ~3899.77¢ 706,474
2 9.000 NN .7T4 0.000 -3710.42¢
3 0.080 2710.420 -17276.914 0.000 ~1931.081
4 0.000 1631.081 -23716.727 .000 -931.738
s 0,000 231.738 ~26020.107 0.900 -42.39%
L] o.008 42.3689 -271909.033 a.000 46,957 26223.374
7 0.008 -846.9%7 -26223.574 0.000 1763.317 23121.059
L] 0. 000 -1741.217 -23121.95% 0.000 2678.80¢ 17028.732
» 0,000 -2670.30¢ 0.000 3697.756 10187.094
10 0. 080 -3697.73¢ ~10197.004 0.000 qe16.308 0.000

APPLIED JOIWY LOADE AFD SUPFORP RRACTICNS







o Sieel Open-ileh Jolst Design
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v

Review Depth Limits
& Deflection Limits
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. . . Use Scratch Pad To
Review Calculations :
. >  Explore Span, Spacing.
& Selections . And Loading Alternatives
........ Yoo
Select Member
............. Yo
Print Spreadsheet
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i Return To Preliminary
Select Member
BJ Send Member Size
To CASM
Print Spreadsheet
Return To CASM

7 e

Resto .» Double Click On
store CASM ) M Icon

Cancel Selected
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¥

End




Steel Open-Web Joist Design




Steel Open-Web Joist Design

Barjoist Selection

STEEL BAR JOIST PRELIMlNARY SELECT ION

CASM Load & Analysis Data:

Method: Analysis Load Combination: D + S
Member ID: Factored Moment (ft-ib) |Factored Reaction
Connection:  Hinge (Left) LoadType Left Mid Right | Left(lb) | Right(ib)
Roller (Right) Dead 518 86 86
Span: 240 ft Sup Dead 13,219 2,203 2,203
Spacing: 48.0 in Live
Depth Limit= 24.0 in. max Lmin Roof
Fy= 36.0 ksi Snow 13,451 2,200 2,527
Fb= 24.0 ksi Wind
E = 29,000 ksi Summary 27,189 4,489 4,816
Live Defl« L/360= 0.80 in Moment: (EUL) Reaction: (EUL)
Total Defl= L/240= 1.20 in Total Ld=| 378 pif Total Ld=| 401 pif
Live Ld=| 187 pif Live Ld=| 211 pif
CASM Joist Selection Table: (joist capacities)
Spacing} Total | Live | Mmax | Rmax | Live Ld |Total Ld Joist Weight
Joist Size (in) |Ld(pif)| Ld(pif) | (ftib) (ib) | Defi(in) | Defi(in)| (psf) (pif)
20K4 48.0 430 353| 30,960f 5,160 0.48 0.92 1.9 76
18K5 48.0 434 318| 31,248} 5,208 0.54 1.03 1.9 7.7
22K4 48.0 475 431] 34,200} 5,700 0.40 0.76 20 8.0
16K6 48.0 418 269| 30,096] 5,016 0.63 1.21 2.0 8.1
CASM Bar Joist Selection:
Joist Size: 20K4 | Span: 24.0ft | Spacing: 48in [Total Ld: 430 pifiLive Ld: 353 pif
Wgt(tons): 0.09] Mmax: 30,960] Rmax: 5,160} TL defi: 0.92 injLL defi: 0.48in
NOTES:

1. Bar joist selections based on 1988 SJI Load Tables.
Edit spreadsheet stajstk.xds to revise selection table.
2. Approximate moment of inertia of the joist in inches*4 is:
lj = 26.767 (WLL) (L3) (107-6), where WLL = Live Load value in table;
where L = Span - 0.33 in feet
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Widely S | El Analvsis: Conti B

Start

~

1
Y

Use Loads & Design
Tool Palette

v

Select Second Floor/

Lower Roof Horizontal
Structural Plane
Material Concrete
1
Y
Load Combination Use Load
14D+ 1.7L Combination
Pattern Occupancy ¢
Live Load
Set Factors
Dead: 14
Live: 1.7
Add
| OK Button To Close
! Dialog Window
i
|
‘ Highlight 1.4D+1.7L
j — In List
|
Y
Select Element To N Linear Widely Spaced
Analyze & Design Beam-C.|P.
| v
Select Widely Spaced
Element B3-B4
Y
Review Element
Attributes & Guidelines
\ 4
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Widely Spaced Element Analysis: Continuous Beam

y

Preliminary Analysis

Use Preliminary

v

Analysis
Units: Feet & Kips

(] Use Actual Properties
[0 DL=Deck+Selt Weight

v

Connectivity

Connectivity

Left: Continuous Column
Right: Continuous Column
Adjacent Spans:

Left 2

Right. 0

Column Connectivity

Above: Fixed
Height: 14'

Below: Fixed
Height: 14'

v

Column Connectivily
Above: Fixed
Height: 14'
Below: Fixed
Height: 14'

v

Connectivity

Continuous Column

v

Column Connectivity

Above: Fixed
Height: 14'

Below. Fixed
Height 14'

v

Connectivity
Continuous Column

|
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Widely Spaced Element Analysis: Continuous Beam

L

Preliminary Analysis
Y
Self Weight =g Guidelines l
Concrete Beam Estimated
Self Weight
@ Continuous Sxterior Spa..
t=4" h-t=16". b=10"
® NLWT @ 150 pcf
Close Self Weight
Guidelines Dialog Window
Self Weight
Estimated Self Weight: 166.7 pif
Update Area Structure Loads
Add Self Weight
Yes, Draw Pattern
Live Loads w an —
Analysis NS D P SR o
Analysis File Name: Optional T “T T T
Yes, The Loads & Connectivity s O et »-:J.
Are Correct - o
¢ s Yo | & AR AT N
View Shear, Moment & - o e
Deflection Diagrams SOV | e e
@ Execute Excel | | T T
I |
e XY & e
7 l :
End T ‘ - ]
Ny ™ e -
e R Ras
T <1
e Bl by 4
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Widely Spaced Element Analysis: Continuous Beam
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1.40 Dead (Kif)

Widely Spaced Element Analysis: Continuous Beam

0.23
36.18 66.98 66.98 4553
1.40 Superimposed Dead (kIf) {'7 073 t[L 0.73 J]y 0.73 _{|7
108.80
76.16
8.16 JL 24.48
1.70 Live (kif) 417 0.68 - 1.02 : _ 136 ‘_&
14,0 xpa 14.0 ™ 14.0 00w 14.0m
24.0 24.0 240
14.0 rewvborw 14.0 rerrboee 14.Q rveirr 1.0 moiere
816 24.48
Alternate Spans 1 JE 0.68 C . 1.36 ; !5
Alternate Spans 2 » 102 X
76.16
B.16 J‘L
Two Adjacent Spans 1 - 0.68 - 102 _ .
108.80
24.48
Two Adjocent Spans 2 . 102 Wz i 136 %ﬂ7
108.80
76.16 1
816 l 24.48
All Spans & . 0.68 S _ 102 ‘sz : 1.36 1 ﬁéq}
el ooty b .
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Widely Spaced Element Analysis: Continuous Beam

29.2

242 '
19.1

Shear (k) l\

-209
-245 S
66.3
woment (k) / /\ /\
-64.5
-89.7) g7 -922
418 554 | 5.i2 519867 529 1420 ,
I'I ALK

Deflection

Total Combined Load ~- Envelope
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Start

v
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Configuration

v

Trial Beam Size

[ Send Member Size
To CASM

v

Select Rebar
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v

Review Calculations
& Selections

: Use Scratch Pad To Explore
> Support Conditions. Span,

Spacing. And Loading
ARernatives
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Select Member

e Yoo

Print Spreadsheet

Trial Beam Size

X send Member Size
To CASM

R Yo
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v

Print Spreadshest

v

Return To CASM

v
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¥
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Cancel Selected
Element
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End
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Concrete Beam Design
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Concrete Beam Design

. Concrete Beam Preliminary Selection
CONCRETE BEAM PRELIMINARY SELECTION
T Project:: Office: Buudrnq #'Schd'mo'c
- hocation:: Aadford AAP . -
CASM Load & Analysis Data:
Method: Analysis Load Combination: 1.4D + 1.7L
Member ID: Factored Moments (k-ft) |Fact. Reactions
Connectivity: Column (Left) Load Type Left Mid | Right | Left(k) | Right(k)|
Column (Right) Dead 12.2 6.3 8.8 29 ,
Beam Span: 240 f#t Sup Dead 38.1 19.7] 274 9.2 8.3
Trib Width= 8.0 ft Live 69.3 373} 56.1 17.0 16.2
Depth Limit=  36.0 in. max Lmin Roof
Concrete Fcw 4.0 ksi Snow
Concrete Wte 145 pcf Wind
Steel Fy=  60.0 ksi Summary 119.6 63.3] 922 29.2 271
CASM Preliminary Beam Dimensions/Values:
ACI Preliminary Dimensions: T-Beam Data: Rebar Ratios:
ACl Depth: L/ 21.0 = 13.7in AC| Slab Depth L/24=  4.0in pmax= 2.14 %
Width: i/ 1.75= 8.0 in Selected Slab Depth= 4.0 in 1/2pmax= 1.07 %
Beam Configuration: Effective Width bE= 72.0in pmin= 0.33 %
‘ Rectangular] Stress Blk Deptha(T)= 0.3in
‘ [Design Data: _Bending phi(¢)= 0.90  beta(B)= 0.85 ms= 17.6 Rus= 581 psi
| CASM Preliminary Beam Sizes and Reinforcing:
| Beam Size Left end Midspan Right end __[Shear | Volume | Weight
bxh As | eMn As ¢Mn As ¢Mn |Rebars| (c.y.) (kif)
11x14 2.90 120 1.35 63 2.09 02!/ MB@5 0.95 0.16
10x 16 2.32 120 1.12 63 1.71 92| #3@ 6 099 0.16
11x18 1.90 120] 0.85 63 1.43 02/ M3@7 1.22 0.20
12x 20 1.63 120 0.83 63 1.24 92{ #3@ 8 1.48 0.24
13x 22 1431 120] 0.74 63 1.09 92| #3@ 9 1.77{ 0.29
CASM Preliminary Beam Design:
Beam Configuration: Trial Depth ha  16.0 in Cover Top= 15in d= 135in
Rectanguiar Trial Widthb=_10.0 in Cover Btm=_1.5in d=_25in
Bending Left end Midspan Right end
Reinforcement: | Layers| Reqd | Design| Layers | Reqd | Design |Layers| Reqd | Design
Mu (kf) 120 123 63 75 92 123
Ru (psi) 875 883 463 527 675 883
P (%) 161 1.74 085 0.96 1.24] 1.74
As (sqin.) 2171 237 1.15 1.32 1.68 2.37
Rebar Option: 1 3-#8 1 4- #5 1 4- #6
Select Rebar: 1 3- #8 1 3- #6 1 3- #8
Shear
Reinforcement: Left End Right End Design Values:
Vu: 29.2 kips 27.1 kips phi(¢)= 0.85
Reqd ¢Vs: 14.7 kips 12.6 kips ¢Ves 145k
Size&Spacing: B@6in #3@6in YagNo= 7.3 k

Properties and Quantities for Concrete Beam/Girder:
[Dimensions (b x h): 10 x 16/Volume: 1.0 c.y.| Weight=_0.16 kif| Rebar Wt= .18 tons|
Notes:

. 1. Concrete beam/girder volume and weight does not include slab volume and weight.
2. ACI 318-89 Strength Design used for sizing member.
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Truss Element Analysis

! |

Preliminary Analysis Analysis

Units: Feet & Kips
[ Use Actual Properties
[J DL=Deck+Self Weight
'
Y
Connectivity
Left Hinge o ST T T T T %
Right: Roller ‘
Lol !
v | \ |
Truss - Custom ‘
Pratt O verticals PoT
o ry Other
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. . : 4phix
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Truss Element Analysis

— 40 e

36.0

0.69 0.09
1.00 Dead (kif) 0.10
81.46
15.41
] 1.10
1.00 Superimposed Dead {kIf) i T I I T T
1.77 2.64
1.00 Snow (kif) —060 060 060
A
3.0
360 4
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Truss Element Analysis

Total Combined Load —— Axial (k)

Total Combined Load —— Deflection

Total Combined Load -— Reoctions (k)
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Column Load Run Down

v
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Use Preliminary

v

Analysis
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v

Live Load Reduction
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v
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v
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Column Load Run Down

v

Live Load Occupancy (LL)
Reduction (3 Apply Live Load Reduction
End
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Column Load Run Down
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Column Load Run Down

Second Fiq

r/Lower Root

Upper Roof [ ]
| =

i)

Y

Tributory  Seif DL LLR

Areas

712.1

685.6

Weight
61.7 0.0
1.5
80.0
1.5

LR

0.0

79.2

30.3

0.0

T Sum DL Sum LR Sum S Sum TL

92.0

83.2 0.0 30.3 93.4

159.2

1446 79.2 30.3 254.1

—h
Note: Tributary oreo indludes 15X increase to account for concrete continuily ot first interior column.

Column B=3 Lood Run Down (k)
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Column Load Run Down

Project : Office Bullding - Scheme C
Location ¢+ Radford AAP

Design Load : TM 5-809-1 1991

Time : Sun Jan 26, 1992 7:38 PM

ARARRRRRARR AR ARR AR AN R kAN S [ {ve Load RedUCtion **AkaxaaNatadh Ak asand A kN Adrk

Second Floor/Lower Roof
Office: Offices (Lo} 50.0 psf
Tributary area (TA) : 576.0 sf
Area of influence (Al) = 4*TA for columns.

Al = 2304.0 3sf

AL >= 400.0 sf

Lo <= 100.0 psf

L = Lo*([0.25+15/sqrt (Ai)])

L = 28.1 paf

Member supports only one floor.

L >= 0.5*Lo

0.5*Lo = 25.0 psf

I L = 28.13 psf

+ +
+ +

L XL ELR Al RS SESEE R R Live Lo.d Reduction AAARANAAA AR AR AR AR R kAR Rk kR

Second Floor/Lower Roof

Office: Corridor (main} (Le) ¢ 100.0 psf
Tributary area (TA) ¢+ 576.0 sf
Area of influence (Al) = 4*TA for columns.

Al = 2304.0 sf

Al >= 400.0 sf

Lo <= 100.0 psf

L = Lo*(0.25+15/sqrt (Al)]

L = 56.3 psf

Member supports only one floor.

L >= 0.5*Lo

0.5*Lo = 50.0 psf

+
+

| L = 56,25 psf |

- +

+

AARRARRRARA AR R RRAR AN Rr kA [ {ve Load Reduction *tasddtapmxsaddadrAnndhkhbhn

Second Floor/Lower Roof

Office: Files & Storage (Lo) : 150.0 psf
Tributary area (TA) ¢+ 576.0 sf
Area of influence (Ai) = 4*TA for columns.

Al = 2304.0 sof

Al >= 400.0 sf

Lo > 100.0 psf

Member supports only one floor.

No live load reduction taken.

L = Lo

+ -t
] L = 150.00 psf
+

-
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Concrete Column Design
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Concrete Column Design

Concrete Column Preliminary Selection

CONCRETE COLUMN PRELIMINARY SELECTION

: ""Qﬂlmsmldlng s_chcmec . ] Date: Fab 26, 1992
Location: Hadford AAP b Engre
CASM Load & Analysis Data:
Method: Analysis  Load Combination: 1.4D + 1.7L +Gonc F'c= 4.0 ksi
Mmomber ID: B-3 Size Limit=  16.0 in. max Fy= 60.0 ksi
Firto | Trb [Floor Level Area Load (kips) Load
Name Level| FirHt | Area | Dead | Live | Lmin | Snow | Wind | Totals
6
5
4
3
Upper Roof 2 14.00f 576 63.2 30.3 93.4
Second Floor/Ld 1 14.00] 576] 144.6] 79.2 30.3 254 .1
CASM Column Selection Table
|Column Data: Calculated Values:
Floor Level: 2 Floor | Ag b ¢] Ast | Rebar Pu
Column Shape: Square Level | (in*2) | (in) (%) | (in*2) | & Size (k)
Reinf. Ratio: 1.5 % 6
Ties: Tied 5
Fire Rating: 1 Hour(s)| 4
Estimated Ave. 3
Beam Depth: 20.0 in. 2 111.8] 11 0.5 0.56] 4-#4 294
Concrete Wat: 145 pct 1 111.8] 11 1.2 1.30] 4-#6 325
CASM Column Design Data:
b Ag |Rebar | Ast ¢] Pu | Reqd Pc Tie &
Level (in) | (in*2) {& Size | (in*2) | (%) | (kip) Pu (kip) | Spacing |
-6
-5
-4
-3
Upper Roof - 2| 11 121] 4-#4 0.80| 0.7 256 93 #3@8
lr/Lower Roof - 1] 11 121] 4- #6 1.76f 1.5 286 254 #3@11
Notes:

1. Initial column size based on larger of:
a. Size based on axial load Ag=Pn/(.8*(.85f'c+p*(fy-.85f'c)))
b. Size based on fire resistance rating.
c. Size assuming k=1.0 and neglecting effects of slendemess by solving for b:
first story - - - - - - - lu/b <= 10
above first story - lu/b <= 14
2. Slendemess is considered when selecting a column size less than the calculated value.

123




124




| | Resis Phil |
Stepa Required

1. Create buliding volume

2. Define a structural grid

3. Layout structural framing on ALL levels

4. Assign gravity load on ALL levels
Caiculate wind and/or seismic loads

5. Select a load combination including wind or selsmic loads

8. Define N-S & E-W vertical resistance system

Om: moment resistant connections
1. Unbraced Frames m“

2. Braced Fraames

A. Trussing

B. Shear Walls

7. Define horizontal diaphragm systems

All flexdble
Al rigid
Floors rigid & roof flexible
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Lateral Resistance Philosophy
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Lateral Resistance Philosophy
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Define Lateral Resistance

v
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v
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Rigid Diaphragm

y
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Define Lateral Resistance
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Rigid Diaphragm

Second Floor/Lower Roof
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Wind Lateral Analysis
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Wind Lateral Analysis

P ) O,
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|
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253 PPN [P
F -0'063 79 k
e 2.ba
M= 13479 k
Fl= 064k 14.0
Fusfl = 443 k
NFvFt = 0.18 ki
490 =1 o N L L PP
Fv = 11.04 k
M = 7891 k
Fl= 028k 14.0
Fvdft = 1133k
NFvFt = 0.47 kif
-— L oo
1.30 Wind (k) —- NS=1 -~ 46%, 31%
I 240 I
e O SR e
140
9.56 9.56
0.13 #Riﬂ, R
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— - — I -0
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[T I P

135




Wind Lateral Analysis
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Rigid 280
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3.p0 300
igid_ . _| 40
14.0
N Y

0.90 Dead (kif)
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Wind Lateral Analysis

Project : Office Building - Scheme C
Location : Radford AAP

Tine Sun Jan 26, 1992 8:15 PM

“assavasnsivnrass pigid Horizontal Diaphragm Calculations wevswweswasaawwns

Centroidal Axis

NS NS Moment EW EWN Moment
Naxe t 1 Area Arm Area Arm Area
(fr) (fe) (££~2) (fr) (££*3) (ft) {(fe~3)
NS-1 0.83 24.00 20.0 12,00 240 0.00 0
Sum 20,0 240 0
Centroid = sum{MomentArea)/sum(Area)
NS Centrold - 12.00 ft EW Centroid : 0.00 ft
Av H 20.00 aqft
Moment of Inertia
bh*3/
Name b h 12 Area d Ad"2 I+Ad"2
(£fr) (ft) (ft"4) (£fe"2) (fe) (£t~ 4) (£t~ 4)
NS-1 0.83 24.00 960 20.0 0.00 0 960
Sum 960
Deflection : 0.254 in Height H 14.0 ft
Total Deflection : 0.254 in
Level Height: 28.0 ft
Same As Previous Level
NS Centroid H 12.00 ft EW Centroid H 0.00 ft
Av : 20.00 sqft Moment of Inertlia: 960 fr~4
Deflection : 0.254 in Height H 14.0 ft
Total Deflection : 0.509 in
N§-2
Level Height: 14.0 ft
Centroidsal Axis
NS NS Moment EW EW Moment
Name t 1 Axea Arm Area Arm Area
(ft) (ft) (fL~2) (ft) (£f£°3) (fr) (ft~3)
NS-2 0.83 24.42 20.3 12,21 248 0,00 0
EN-1 0.83 5.00 4.2 24,00 100 -2.92 -12
EW~-1 0.83 5.00 4.2 24,00 100 2.92 12
Sum 28.7 448 0
Centroid = sum(MomentArea)/sum(Area)
NS Centrolid H 15.63 ft EW Centrolid 0.00 ftr
Av : 20.35 sqft
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Moment of Inertia

bh*3/
Name b h 12 Area d Ad~2 I+Ad"*2
(ft) (fr) (fr~4) (££~2) (ft) (£~ 4) (£t~ 4)
NS-2 0.83 24.42 1011 20.3 -3.43 239 1250
EN-1 5.00 0.83 0 4.2 8.37 292 292
EW-1 5.00 0.83 0 4.2 8.37 292 292
Sum 1833
Deflection H 0.214 in Height H 14.0 ft
Total Deflection : 0.214 in
Level Height: 28.0 ft
Centroidal Axis
NS NS Moment EW EW Moment
Name t 1 Area Arm Area Arm Area
(ft) (ft) (££~2) (fr) (ft"3) (ft) (f£~3)
NS§-2 0.83 24.42 20.3 12.21 248 0.00 [¢]
EW-1 0.83 5.00 4.2 24.00 100 -2.92 -12
Sum 24.5 348 -12
Centroid = sum(MomentArea)/sum(Area)
NS Centroid H 14.21 ft EW Centroid H -0.50 ft
Av 20.35 sqft
Moment of Inertia
bh*3/
Nane b h 12 Area d Ad~2 T+Ad~2
(fe) (fr) (£t~ 4) (££72) (ft) (ft~4) (£e”4)
NS-2 0.83 24.42 1011 20.3 -2.00 82 1093
EW-1 5.00 0.83 0 4.2 9.79 399 399
Sum 1492
Deflection H 0.223 in Height H 14.0 ft
Total Deflection : 0.437 in
NS-3
Level Height: 14.0 ft
Centroidal Axis
NS NS Moment EW EW Moment
Name t 1 Area Arm Area Arm Area
(ft) (ft) (ft"2) (ft) (fr~3) (ft) (£f£~3)
NS-3 0,83 24.00 20.0 12.00 240 0.00 [s}
Sum 20.0 240 0
Centroid = sum(MomentArea)/sum(Area)
NS Centroid 12.00 ft EW Centroid 0.00 ft
Av 20.00 sqft
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I+Ad~2
(ft~4)

EW Moment
Area
(££°3)

I+Ad"2
(ft~4)

EW Moment
Area
(fe~3)

Moment of Inertia
bh*3/
Name b h 12 Area d Ad"2
(£e) (ft) (tt~4) (£e72) (ft) (ft~4)
NS-3 0.83 24.00 960 20.0 0.00 0
Sum
Deflection : 0.254 in Height 14.0 ft
Total Deflection : 0.254 in
EN-1
Level Height: 14.0 ft
Centroidal Axis
NS NS Moment EW
Name t 1 Area Arm Area Arm
(ft) (ft) (ft~2) (ft) (£t~3) (fr)
EW-1 0.83 60.00 50,0 0.00 0 30,00
NS-2 0.83 5.00 4.2 -2.92 -12 24.00
Sunm 54.2 -12
Centroid = sum(MomentArea)/sum(Area)
NS Centroid H ~-0.22 ft EW Centroid H 29.54 £t
Av H 50.00 sqft
Moment of Inertia
bh*3/
Name b h 12 Area d Ad~2
(fr) (£t) (£t~ 4) (££°2) (£fe) (ft~4)
Ew-1 0.83 60.00 15000 50.0 0.46 11
NS-2 5.00 .83 0 4.2 ~5.54 128
Sum
Deflection : 0.075 in Height H 14.0 ft
Total Deflection : 0.075 in
Level Height: 28.0 ft
Centroidal Axis
NS NS Moment EW
Name t 1 Ares Arm Area Arm
(ft) (fr) (££~2) (fr) (££73) (fr)
EN-1 0.83 24.42 20.3 0.00 0 12.21
N8-2 0.83 5.00 4.2 -2.92 -12 24.00
Sum 24.5 -12
Centrold = sum(MomentArea)/sum(Area)
NS Centroid -0.50 ft EW Centroid 14.21 ft
Av 20.35 sqfe
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Wind Lateral Analysis

Moment cf Inertia

bh~3/
Name b h 12 Area d Ad"2
(fr) (fr) (fr~4) (ft~2) (fr) (££~4)
EN-1 0.83 24.42 1011 20.3 -2.00 82
N8-2 5.00 0.83 0 4.2 9.79 399
Sum
Deflection 0.223 in Helght : 14.0 ft

Total Deflection : 0.298 in

Level Height: 14.0 ft

Centroidal Axls

NS NS Moment EW
Name t 1 Area Arm Area Arm
(fr) (ft) (ft~2) (ft) (££~3) (ft)
EN-2 0.83 60.00 50.0 0.00 0 30.00
Sum 50.0 [¢]
Centroid = sum(MomentArea)/sum(Area)
NS Centroid H 0.00 ft EW Centroid H 30.00 ft

Av H 50.00 sqft

Moment of Inertis

bh*3/
Name b h 12 Area d Ad"2
(ft) (£L) (£t~ 4) (££°2) (fr) (£t~4)
EW-2 0.83 60.00 15000 50.0 0.00 0
Sum
Deflection : 0.075 in Height H 14.0 ft
Total Deflection : 0.075 in
Level Height: 28.0 ft
Centrolidal Axis
NS NS Moment EW
Name t 1 Area Arm Area Arm
(ft) (ft) (ft~2) (fr) (£ft~3) (fr)
EN-2 0.83 24.00 20.0 0.00 0 12.00
Sum 20.0 0
Centrold = sum(MomentArea)/sum{Area)
NS Centroid : 0.00 ft EW Centroid : 12.00 ft

Av : 20.00 sqft

I+Ad~2
(£t~ 4)

EW Moment
Area
(ft~3)

I+Ad~2
(fr~4)

EW Moment
Area
{(£t~3)




Wind Lateral Analysis

Moment of Inertia
bh*3/
Nawme b h 12 Azrea 4 Ad*2 I+AQ*2
(£L) (fr) (ft*4) (ft~2) (ft) (ft~4) (£t"4)
EN-2 0.83 24.00 960 20.0 0.00 960
Sum 960
Deflection : 0.254 in Height 14.0 ft
Total Deflection : 0.329 in
Center of Rigidity
Name h 1 Av Deflection Rigidity R/ x R*x
(ft) (£t~ 4) (ft~2) (in) sum (R) (£t)
NS-1 14.0 960 20 0.254 3.931 31.34% 0.8 3.276
N8-2 14,0 1833 20 0.214 4.682 37.33% 48.8 228.633
NS-3 14.0 960 20 0.254 3.931 31.34% 84.8 333.467
Sum 12.544 565.376
Centroid from lower left = sum(R*x)/sum(R) : 45.07 £t
Center of mass from lower left H 39.07 ftr
Bccentricity (e) B 6.00 ft
Maximum dimension : 85.67 ft
e min = 0.05*max. dimension : 4.28 fc
Bccentricity (e) used for torsional snalysis : 6.00 ft
Name h 1 Av Deflection Rigidity R/ x R*x
(ft) (£fe~4) (££°2) {in) sum (R) (fe)
NS-1 28.0 960 20 0.509 1.965 46.19% 0.8 1.638
NS-2 28.0 1492 20 0.437 2.290 53.81% 48.3 110.691
NSs-3 28.0 (o} 0 0.000 0.000 0,00% 41.8 0.000
Sum 4,255 112,329
Centroid from lower left = sum(R*x)/sum(R) : 26.40 ft
Center of mass from lower left H 24.11 fr
Bccentricity (e) H 2.29 fe
Maximum dimension H 85.67 ft
e min = 0.05*max. dimension H 4.28 ft
Eccentricity (e) used for torsional analysis : 4.28 ft
Name h I Av Deflection Rigidity R/ x R*x
(ft) (f£L°4)  (£ft*2) (in) sum (R) (ft)
eN-1 14,0 15139 50 0.075 13.327 50.02% 72.6 967.669
EW-2 14.0 15000 50 0,075 13.319 49.98% 0.8 11.099
Sum 26,646 978,768
Centroid from lower left = sum(R*x)/sum(R) 16.73 ft
Center of mass from lower left 36,53 ft
Eccentricity (e) 0.20 ft
Maximum dimension 73.67 ft
e min = 0.95*max. dimension l.68 ft
Eccentricity (e) used for torsional analysis l.68 ft
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Wind Lateral Analysis

Name h I Av Deflection Rigidity R/ x R*X
(ft) (£t~4) (££72) {in) sum(R) (ft)

EW-3 28.0 1492 20 0.298 3.354 52.50% 72.3 242.633
EN-4 28.0 969 20 0.329 3.035 47.50% 0.8 2.529
Sum 6.389 245.162
Centroid from lower left = sum(R*x)/sum(R) : 38.37 ft

Center of mass from lower left H 36.11 £t

Bccentricity (e) : 2.26 ft

Maximum dimension H 73.67 ft

e min = 0.05*max. dimension H 3.68 ft

Eccentricity (e) used for torsional analysis : 3.68 ft

Assumptions used:
Em = 144,000 ksf
Ev = 0.4*Em = 57,600 ksf
All wall thicknesses are equal.

Deflections calculated by applying a 1,000 kip load.

Interstory shear wall deflection is calculated based on cantilever
action. Deflection at a level is obtained by summing each story’s
cantlilever deflection from grade.

Deflection = P*(h"3)/(3*Bm*I)+(1.2*P*h)/(A*EV)

h = floor to floor height

Name h Rigidity dx R*dx R*dx*dx R*dx/
(£ft) (ft) sum (R*dx*dx)
NS-1 14.0 3,931 44.2 173.899 7693.191 0.00360
Ns-2 14.0 4,682 3.8 17.606 66,208 0,00036
NS-3 14.0 3.931 39.8 156.292 6214.263 0.00324
ZN-1 14.0 13.327 35.9 478,133 17153.838 0.00990
EWN-2 14.0 13.319 35.9 478,133 17164.481 0.00990
Sum 48291.982
Name h Rigidity dx R*dx R*dx*dx R*dx/
(ft) (ft) sum (R*dx*dx)
NS-1 28.0 1,965 25.6 50.243 1284.395 0.00477
NS-2 28.0 2,290 21.9 50.243 1102.371 0.00477
NS-3 28.0 0,000 15.4 0.000 0,000 0.00000
eN-1 28.0 3.354 34.0 113.930 3869.919 0.01082
BN-2 28.0 3.035 37.5 113,930 4276.657 0,01082
sSum 10533.242
Shear distribution : Fv = V*R/sum(R)
Torsional moment t Mt = Ve

Torsional component
Total shear to element

Ft = Mt*R*dx/sum(R*dx*dx)
Ftotal = Fv + Ft
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Seismic Loads
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Seismic Loads
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Seismic Loads
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Seismic Loads
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Seismic Loads

Project : Office Building - Scheme C
Location : Radford AAP

Seismic Code: TM 5-809-10 1991

Time : Sun Jan 26, 1992 8:14 PM

AR AR ERAR SRR R R RE S]] Seiamlc Malysis (2R ASAES RSS2

3. Upper Roof : 350.4 k
2. Second Floor/Lower Roof : 700.9 k
Total Bullding Weight (W) : 1051.3 k

RhRR A AR R b kR R A bbb kRN A RS d N - S and E - W 12222 RS SAS AR AR A2 22 2] )

2one: 2A: 2 = 0.150

Importance Category: IV: I = 1.00
Soill Factor: 83: s = 1.5
System: B3a: Rw = 8

Ct = 0.020

hn = 28.0 ft

T = Ct*hn"3/4 = 0.24 sec

C = 1.25*8/T~2/3 = 4.86 > 2,75
cC =2.75

C/Rw = 0,344 > 0.075

W= 1051.3 k

V = Z*I*C*W/Rw

L L Lt ——————— +
| Ft = 0,0 k I
E R e T +
[ T TP PP RPN +
| V-Ft = 54,2 k |
L Y Lt P L L E +
Floor to w*h/ sum(F)
Level h Floor h w sum (w) wrh sum(w*h) F v
(ft) (fr) (k) (k) (kft) (k) (k)
Ft = 0.0
3 28.0 350 9810 0.500 27.1
14.0 350 27.1
2 14.0 701 9813 0.500 27.1
14.0 1051 54.2
1 0.0
Sum 1051 19623 1.000 54.2
Floor to sum (F) Ft+sum(F)/
Level h Floor h w sum(w) v OTM sum (OTM) sum(w)
(ft) (ft) (k) (k) (k) (kft) (kft)
3 28.0 350
14.0 350 27.1 379 0.077
2 14.0 701 379
14.0 1951 54.2 759 0.052
1 0.0 1138
Sum 1051 1138
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Seismic Loads

Project : Office Building - Scheme C
Location : Radford AAP
Time : Sun Jan 26, 1992 8:14 PM

NERNANRRERC ARG AR R C R R RN I N At d Cantar OFf Mags YA ¥ A AR A A AN AN RS Rb O RS RaNaRd b

(kft)

(kft)

7879.6
1915.7
134.3

64.5
10.2
157.8
10.2
157.8
1201.1
5312.5
1291.6
90.6

Name Weight
(k)

Shear Wall 1.8
Shear Wall 1.8
Shear Wall 1.8
Shear Wall 1.8
Exterior Wall 12.3
Exterior Wall 12.3
Exterior Wall 12.3
Exterior Wall 12.3
Exterior Wall 24.6
Upper Roof 213.9
Beam Self Weight 52.0
Column Self Neight 3.6
Sum 350.4

N-S Center Of Mass: 36.11 ft
E-W Center Of Mass: 24.11 £t

12652.1

8447.7

(kft)

(kft)

2.9
1269.0
3035.2
6015.5
4554.0

315.6
20.5
1496.2
1791.4
610.8
84.8
401.8
1502.2
17.2
506.5
2210.4
134.3
157.8
748.1
134.3

@™ ® o
= s o N

N
N

. P N
® O @ ® ® © ® ®

-]
N

2455.6
2376.0
2455.6
8263.2
20.5
315.6
20.5
315.6
1201.1
560.3
560.
1378.
1378.
1166.
2174.
132.
1043,
1043,

A NN WU se s W

Name Weight
(k)

Shear Wall 3.5
Shear Wall 3.5
Shear Wall 3.5
Shear Wall 3.5
Second Floor 98.9
Second Floor 82.4
Second Floor 98,9
Lower Roof 123.6
Exterior wWall 24.6
Exterior Wall 24.6
Exterior Wall 24.6
Exterior Wall 24.6
Exterior Wall 24.6
Parapet 6.6
Parapet 6.6
Shear Wall 20.6
Shear Wall 20.6
Shear Wall 13.8
Beam Self Weight 60.0
Column Self Weight 3.6
Exterlior Wall 12.3
Exterior wall 12.3
Column Self Weight 3.6
Sum 700.9

N-S Center Of Mass: 36.53 ft
E-W Center 2f Mass: 39.97 fr
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: DL=Deck+Self Weight

Use Lateral |

v \4
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Seismic Lateral Analysis
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Seismic Lateral Analysis

® O, O
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Fl = 0.83 k 140
FvdFt = 1961 k
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Seismic Lateral Analysis
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Seismic Lateral Analysis

Project : Office Bullding ~ Scheme C
Location Radford AAP

Seismic Code: T 5-809-10 1991

Time Sun Jan 26, 1992 8:16 PM

skt naNRRdnanwrerr Soigmic Lateral Resistance Locations *tettsaranssnddtiadr

NS-1 -- 46%, 31%

Floor to sum (F)
Level h Floor h r v OT™M sum (OTM)
(fe) (ft) (k) (x) (kft) (kft)
3 28.0 40.6
14.0 40.6 569
2 14.0 40.7 569
14.0 81.3 1138
1 0.0 1707
Sum 81.3 1707
NS-2 -- 548, 37%
Floor to sum(F)
Level h Floor h r v o™ sum (OTM™)
(ft) (ft) (k) (k) (kft) (kft)
3 28.0 40.6
14.0 40.6 569
2 14,0 40.7 569
14.0 81.3 1138
1 0.0 1707
Sum 81.3 1707
NS-3 -~ F, 31%
Floor to sum (F)
Level h Floor h F v OT™ sum {OTM)
(fe) (fe) (k) (k) (kft) (kft)
2 14.0 40.7
14.0 40.7 569
1 0.0 569
Sum 40.7 569
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Quantity Take-Off Philosoo!

3 Considerations

1. One typical interior bay (exterior side bay, corner bay)

2 bays

l 2 bays

2. One typical floor level and roof level

3. The entire building structural system

Estimated weights are not used
for quantity take-offs

’ Elements designed by Excel
spreadsheets are used

Use Modify Design and Copy Design
7| to manually enter element sizes

Calculated square footage
can be overridden
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Quantity Take-Off
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Quantity Take-Off
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Quantity Take-Off
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Quantity Take-Off

Project : Office Building - Scheme C
Location : Radford AAP
Time : Sun Jan 26, 1992 8:20 PM

LAAAA RIS RSS2 AR A RS 2E] Qu.ntity ‘rake-off (22202 R RSS2 2R R 2 ]

Plan Area: 72.0 ft x 48.0 ft: 3456.0 sqft

CONCRETE: Narrxowly Spaced Elements

Conc Conc Weight/Element Total Weight
Description Area Length Welight Weight Conc Reinf No. Conc Reinf
(sqin) (ft) (pcf) (plf) (lbs) (lbs) (lbs) (lbs)
0 24.0 0 0.0 0 0.0 24 0 0
Sum 0 0
Concrete Cubic Yards : 0.0
Welght Per Square Foot 0.0 psf
Reinforcing Total Weight: 0.0 tons
Weight Per Square Foot : 0.0 psf
CONCRETE: Widely Spaced Elements
Conc  Conc Welight/Element Total Weight
Description Area Length Weight Weight Conc Reinf No. Conc Reinf
(sqin) (ft) (pcf) (plf) (lbs) (1lbs) (lbs) (lbs)
10 x 16 160 24.0 145 161.1 3867 360.0 25 96667 9000
(o] 24.0 0 0.0 0 0.0 2 0 s}
Sum 96667 9000
Concrete Cubic Yards : 24.7
Weight Per Square Foot : 28.0 psf
Reinforcing Total Weight: 4.5 tons
Weight Per Square Foot : 2.6 psf

CONCRETE: Surface Elements
Conc Conc Reinf Total Weight
Description Depth Area Welght Weight Weight Conc Reinf
(in) (sqft) (pef) (psf) (psf) (lbs) (lbs)

4" siab 4.0 2880 145.0 48.3 1.0 139200 2995

4" slab 4.0 384 145.0 48.3 1.0 18560 399
0.0 2592 0.0 0.0 0.0 0 0

Sum 157760 3395

Concrete Cubic Yards H 40.3

Reinforcing Total Weight: 1.7 tons
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Quantity Take-Off

CONCRETE: Column Elements

Conc Conc Weight/Element Total Weight
Description Area Length Weight Weight Conc Reinf No. Conc Reinf
(sqin) (ft) (pcf) (plf) (lbs) (lbs) {lbs) (lbs)
11 x 11 121 14.0 145 121.8 1706 112.0 5 8529 560
Sum 8529 560
Concrete Cubic Yards : 2.2
Weight Per Square Foot 2.5 psf
Reinforcing Total Weight: 0.3 tons
Welght Per Square Foot : 0.2 paf
CONCRETE: Wall Elements
surf Conc Weight/ Total
Description Width Length Height Area Weight Element No. Weight
(in) (ft) (ft) (sqft) (pcf) (lbs) (lbs)
10" Concrete 10 24.0 14.0 336 148 40600 4 162400
10 36.0 14.0 504 0 0 2 0
10 24.0 4.0 336 Y] 0 1 0
Sum 162400
Concrete Cubic Yards H 41.5
surf Reinf Weight/ Total
Description Width Length Height Area Weight Element No. Weight
(in) (ft) (ft) (sqft) (psf) (lbs) (1lbs)
10" Concrete 10 24.0 14.0 336 2 672 4 2688
10 36.0 14.0 504 0 0 2 0
10 24.0 14.0 336 0 0 1 0
Sum 2688 ’
Reinforcing Total Weight: 1.3 tons

164



Concluding Remarks

Schemes A, B and C were developed to permit exploration and instruction of the broadest possible range of
CASM capabilities. The schemes should not be viewed as completsely logical structural framing solutions to
the given design parameters, nor as necessarily economical. Each of the three schemes contain a variety
of elements, which if properly combined and interchanged might produce "real” schemes for consideration
at a 35% review.

Examples of uniikely components assembled in schemes A, B and C include: (1) concrete as a decking for
the low roof, (2) custom made trusses for the low roof framing, (3) prefabricated limestone wall paneis mixed
with cast-in-place concrete shear walls, and (4) non-composite steel beam framing for the second floor.

A logical ste-| framed beam/column solution for "real” consideration would include open wab steel joists
spanning 48 feet for the upper roof to eliminate a central column in the second floor space. The lower roof
would be framed with 36 foot span open web steel joists (without inclusion of custom trusses) as in scheme
B. Both roofs would be sheathed with a metal roof deck without concrete and both would become flexible
diaphragms. The second floor would be framed with composite steel beams as in scheme B and remain a
rigid diaphragm. Two lateral load resistance system options could be compared. One scheme could include
amoment resistant frame approach similar to scheme A, while a second approach might incorporate trussing
similar to scheme B. The non-loadbearing exterior envelope is open to a variety of possibilities. The
Architects will likely dictate the aesthetic expression. The foundation system would be a combination of
isolated and linear spread footings.

A third logical solution would be a masonry bearing wall system to support the steel open-web joist roof
planes described above. The second floor plane might be constructed of pre-cast pre-stressed holiow cored
planks, which would also bear on the walls and a central steel girder line. Some of these walls could become
shear walls for lateral load resistance. Thus the exterior envelope and the interior partition provide a structural
function, eliminating costly moment connections and columns within the exterior wall layout. Footings are
now all linear spread footings with only one isolated footing.

It is uniikely that a reintorced concrete frame would present an economical solution for a 1-2 story office
building.

The structural engineers that become proficient with the use of CASM will be able to explore many other
ideas to arrive at the most structurally efficient and economical solution for this hypothetical project.
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Concluding Remarks
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Concluding Remarks
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Technical Report ITL-89-5

Technical Report ITL-89-6
Contract Report ITL-89-1
Instruction Report ITL-90-1

Technical Report ITL-90-3

Instruction Report ITL-90-6
Instruction Report ITL-90-2

Technical Report ITL-91-3
Instruction Report ITL-91-1

Instruction Report ITL-87-2
(Ravised)

Technical Report ITL-92-2
Techrical Report {TL-92-4

Instruction Report ITL-92-3

(Concluded)
Title

CCHAN-Structural Design of Rectangular Channels According
to Corps of Engineers Criterla for Hydraulic
Structures; Computer Program X0097

The Response-Spectrum Dynamic Analysis of Gravity Dams Using
the Finite Element Method; Phase II

State of the Art on Expert Systems Applications in Design,
Construction, and Maintenance of Structures

User's Guide: wféani‘;;tﬂ'er Program for Design and Analysis
of Sheet Pile Walls by Classical Methods (CWALSHT)

Investigation and Design of U-Frame Structures Using
Program CUFRBC
Volume A: Program Criteria \nd Documentation
Volume B: User's Guide for Basins
Volume C: User's Guide for Channels

User's Guide: Computer Program for Two-Dimensional Analysis
of U-Frame or W-Frame Structures (CWFRAM)

User's Guide:  Pile Group—~Concrete Pile Analysis Program
(CPGC) Preprocessor to CPGA Program

Application of Finite Element, Grid Generation, and Scientific
Visualization Techniques to 2-D and 3-D Seepage and
Groundwater Modeling

User's Guide: Computer Program for Design and Analysis
of Sheet-Pile Walls by Classical Methods (CWALSHT)
Including Rowe's Moment Reduction

User's Guide for Concrete Strength Invastigation and Design
(CASTR) in Accordance with'ACI 318-89

FFiinite Element Modeling of Welded Thick Plates far Bonneville
Navigation Lock -

Introduction to the Computation of Response Spactrum for
Earthquake Loading

Concept Dasign Example, Computer Alded Structural
Modeling (CASM)

Report 1: Scheme A

Report 2; Schemo B

Report3: Scheme C

Date
Aug 1989
Aug 1989
Sep 1989
Feb 1990

May 1990

Sep 1990
Jun 1890

Sep 1990

Oct 1991

Mar 1992
May 1992

Jun 1992

Jun 1992
Jun 1992
Jun 1992



