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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-dimensionai
interactive graphics.

Funds for the development of this program were provided to the Information Technology Laboratory ({TL),
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 {TL 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 memiers of the task group during this phase of program development:

Mr. Dan Reynolds, US Army Engineer (US+F) District, Sacramento (Chairman)
Ms. Anjana Chudgar, USAE L:visicr;, Ohio River

Mr. Pete Rossbach, USAE Dictrict, Baltimore

Mr. Gary Close, USAE District, Savannah

Mr. Dave Smith, USAE District, Omaha

Mr. Mark Burkholder, USAF District, Tulsz

Mr. Jerrv Maurseth. 1ISAZ 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.




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

{a) Chareston, South Caroiina
{b) Radford AAP, Virginia

Seil conditions are unknown at both siies.

The following project criteria has been established:
1. The 36' x 72" space on ‘he first level shall be column free for open office pianning.
2. The 48' x 72 first and succna ttoor areas shall provide 24’ square bays.

3. The firsi floor shall be = <iok L orods miii thie iops of perimete: continuous wali footings set at 2'-6°
below grade. Column footings will be isolated spread footings.

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

5. 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 Dascription

Scheme A
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Project Description
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Project Description
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Project Description

6. The typical exterior envelope consists of 5" limestone panels, 1° rigid insuiation, 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: 1 c
Seismic: v

8. Material Assumptions:

Concrete: 4,000 psi, NN\WT
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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Cityfinstaliation

Y

Select Radford AAP
From List

Stant
Y
Use Criteria
Menu
Y
Project Project Data
Project Name: Office Building - Scheme B
: City/installation: Radford AAP
Country: USA
State: VA
County: Pulaski
Design Load: M 5-809-1 1941
Building Code: BOCA
Seismic Code: T™ 5-809-10 1991
. Elevation Above Sea Level: 3300 #t
: No. Of Stories: 2
i Floor Area: 9504 sq ft
: Occupancy: Use Group B
i Type Const: 3A
' Seismic Lateral Load Resistance
i N-8 System: Blank
E-W Systam: Blant
\L
Regional Review Regionail Data
' Wind
{ Basic Wind Speed: 70.0 mph
; Coastal: No
Maximum Wind Speed: 58.0 mph
Wind Direction: SE
Snow
, Ground Snow Load: 25.0 pst
Maximum Snow Depth: 15.0 in
j Snow Density: 173 pct
i Rain
‘ Average Annual Rainfall: 440 in
i Maximum Rainfali: 40 in
Temperature
; Maximum temperature: 92 °F
ii Minimum Temperature: -24 °F
i Seismic Zone: 2A: 0.150
Frost Depth: 22 in
v
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Criteria

Site

>

Print

Site Specitic
wind
Exposure:
Importance:
Snow
Exposure: o
Importance: i
Roof Slippery:
Thermat Factor:
Seismic
Importance: IV
Sait Factor: 53,
Seii
Blank

~ 0

6o

100
1.00
No
10

1.00
15

End

Print Data

) Basi- Design Critena

CJ Al Other
& prir: 7o File
Exacute Notepad

U TONS N —

1
i

Scroil Output

¥

Page Setup

LeftMargin: 05in
Right Margin: 0.0in

Y

Print File

Y

Exit Notepad
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Criteria

Basic Design Critaeria

Proisct Data

Project Name : Office Bullding - Scheme 3
city/Installation : Radford AAP
Jzuntry : USA
State : VA
Zounty : Pulaski
Design Load : TM 5-809-1 1391
suilding Cede : BOCA
Seismic Code : TM 5-809-10 19%1
Slevation above sea level : 1300 ft.
No. of Stories : 2
Floor Area : 3504 sqft.
Qccupancy : Use Group B
Type of Conatruction s JA
Seismic Lateral Load Resistance

N-§ System :

N-S Rw : 0

E~W System H

E-W Rw H b

Pegional Dala

Aind .
Basic Wind speed : 70.0 mph
Tcastal : No
Maximum Wind Zpeed : 58.0 mph
Wind Direction H SE

Snow
Ground Snow Load . 25 ~ psf
Maximum Snow Depth H 15.0 in.
Snow Density : 17.3 pcf

Rain
Awarage Aamral sulinfal) : 4.6 in.
Maximum Rainfall : 4.0 in,

Temperature
Maximum 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 o4
Importance : I : 1.00

Snow
Exposurs : H 1.00
Importance : I : 1.00
Roof Smooth H No
Thermal Factor H 1.0

Seismic
Inportance : IV T 1.00
Soll Factor : S3 H 1.5

Notes
Importance Factor for Snow and Wind:

z all buildings
II Buildings and

more than 300
111 Bulldings and

and structures except those listed below,
structures where primary occupancy is one in which
pecple congregate in one area.

structures designated as esasential facllities,

including, but not limited to:
Hospital and other medical facilities having surgery or emergency
rreatment areas,
Fire or rescue and police stations.
Primary communication facilities and disaster operation centers.
Power stations and other utilities required in an emeargency.
Structures having critlcal national defense capabilltlies.

13




Criteria

IV Builldings ind structures that represent a low hazard to human life
in the event of failure, such as agricultural pulldings, 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 cf terrain, higher structures, or several treeas
nearby.
* The cond:tions discussed should be representative of those that are
likely to exist during the life of the structure., Roofs that contain
several large pieces of mechanical equipment or other obstructions do
not qualify for siting category A.

Snow Thermal Factor:

Heated Structure.
* These conditioens should be representative of those that are likely
to exist during the life of the structure.

Importarice Factor for Seismic:

I. Essential Facilitles
Hospitals and other medical facillitlies having surgury anl emergency
treaatment areas.
Fire and police stations.
Tanks or other structures containing, housinrgy or supporting waier
or other fire-suppression materials or equinment raquired for “'.e
protection of essential or hazardous facili:les, or special
occupancy structures,
Emergency vehicle shelterc and garages.
Structures and equipment in emergency ~ieparsdness centers.
Stand-by power genersting equipment for eassential facilities.
Structures and equ'pmest !5 IcindniTill.” “enters and other
facilities required for emergency response.
II. Hazardous Facilities
Structures housing, supporting or containing sufficlent quantities
of toxic or explosive substances to be dangerous to the safety of
the general public if released.
II1. 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.
Bulldings for colleges or adult education schools - caparity more
than 500 students,
Medical facilities with 50 or more resident incapacitated patlents,
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 facllitles not included above, and required for
Iv. Standard Occupancy Structure
All Structures having occupancies or functions not listed above,

Selsmic Scil Factor:

S3: A soil 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 locations where the soil properties are not
known in sufficient detail to determine the soil profile type, soil
profile S3 shall be used. Snil profile S4 need not be assumed unless
the Building Qfficial determines that soil profile 54 may be present
at the site, or in the event that soil profile S4 is established by
geotechnical data.

14




Start

v

Run Cardfiie

v

Open CITIES.CRD

Duplicate Card

v

Edit index

. Index Line: Charleston

v

Modify Fields

USA sC
Charlestnn

T™M 5-809-1 1991

40

__~~"Add Another . Yes

| 52.0 10.0
|5
7.0
100
A NNE Y
102.0 8.0
0 3
Save File
EY

~

City/installation

Exit Cardfile

End

Fields

Country State
County

Design Load

Elevation (ft)

Ave. Rain (in}

Ground Snow Load (psf)
Max. Snow Depth (in)
Basic Wind Speed (mph)
Max. Wind Speed (mph} Wind Direction Coastal (Y/N)
Max. Temp. (‘F) Min. Temp. (*F)

Frost Depth (in) Seismic Zone

Max. Hain (in)
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Modeling Phi

A. Simplify the geometric model

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

{

4
|

fxtra wings ore not necessary

B. Make sure planes are in contact

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

i

i
!
{
|
(
i

i
i
H
!
i
i
i
I
|
|

Simplifiet moael

A gap between adjoining siha +s will make tie surfaces exterior.

Use the Stack options to accurately place adjoining shapes.

C. Do not intersect shapes

When modeling parapet walls, make sure the comers do not intersect.

Incorrect

D. Verity the model

Correct

Use the Tape Measure command, zoom in on a plan, elevation and 3-D views to verify the model.
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Start
—?
\'2
Use Oraw Model
Tool Palette
v
Establish initial ey
Layout Defaults | !
v v v v
1 i
? Ground Plane Units | Initial Object v Stack On
| Size Ground
» Size: 100'x 100 increment: 4" ; - Plane
@ Spading: 20' x 20' Display: ft-in | | N-§: 738"
| v Show Ground Plane { | v Snap To Units { | E-W 858. .,
1\ ! . Height: 14'0
i Plane Thickness: 10"
Orientation: N-S
Draw Building _)[ Draw First 5, Position Cube On Doubte Click Right
Volume l Floor Volume Ground Plane Mouse Key To End
t
Draw Second ) v Stack On Last
Floor Yolume Shape
| v
| Place Cube On
; Last Shape
| Drag Plane To
5 Correct Dimension
E-W: 49'8"
|
Y
Draw Gable N Place Prism On
Roof Volume Last Shape
4 v Lock N-S & E-W
Drag Edge To
Correct Roof Slope
i Slope: 5.8in 12
v v v
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Draw Model

¥

Y

Y

Draw Building
Volume

Draw Gable
Roof Volume

Unlock N-S & E-W

4

-y

Check Building

Volume

Y

Draw Parapet
Walls

|y, [Initial Object Size

Height: 40"

i

Y

i

Y
v Stack On
Plane

v

Position Vertical
Plane On Roof

|

— A4
Inttia! Object Size

D ieuation’ E-W

Position Vertical
Ptanes On Roof

v

| Rotate View To

Select Balt. Slice
Planes

v

Slice Both £E-W
Verticai Planes

v

Delete 4 Unwanted
Sliced Shapes

Remove Gable
Roof Volume

r Delete Prism
b_ﬂ: Shape |

Y

Y Y

Tape Measure

End

And Section

Plan, Elevation l Zoom And Pan J
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Draw Model
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Starnt

. Y

Use Loads And
Design Tool Palette

, v
| Calcutate Snow .
! cx:-::’s " —>  Review Criteria
I .
Y
Calculate o0 olpesd 198
‘oo Bakacen 19d)
r v 04l iy
! . . . 1.4 % iey;
; View Qutput 3 View Section <
s Lrtend %) <
v T - —
Print Screen ) —
. @ Printer
—>  View Calculations J——) Print Data
' B Snow
[ Al Other
| & Print To Fite
: X Execute Notepad
Y
Scroil Cutput
Y
Page Setup
Left Margin: 0Sin
Right Margin: 0.0 in
Y
Print File
Y
Exit Notepad
- —>» View Perspective (3D) | > Solid Object
—— e Show {oads
—»
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Snow Loads

24




Snow Loads

Snow Unbalanced (psf)

Snow &lnnced (pSf) < X x x X X ?5;>0 X X X. x ¥ 1 X X 3 = 25‘0’ 2 x g 7 - g
Snow Drift (psf) ‘0;-4 ~ 29 312

Snow Sliding (psf)

Snow Combined (pst) 25.0 TS 250 ‘ C{j“

=

Snow unbalanced {psf)

Snow Balonced (psf) 250
T S ——— oy A S T A — T———— g
Snow Drift (psf) ‘QE-" 00 0Q 3‘9‘0
Snow Sliding (psf)
740 740
Snow Combined (psf) 250

-) | [




Snow Loads

Project ¢ Office Building - Scheme B
Location : Radford AAP

Cesign Load : TM 5-809-1 1991

Time : Sat Jan 25, 1992 5:40 PM

vewKE At wnr e ennntr T lae /Lean~-To Roof Snow Load Ceajign rev*tvesnsnsarennosr

Flat Roof Snow Lead (PF)

PE = Q.7¢Ce*Ct*I*Py

SiowW EXposure Category: C

Ce = 1.0

Heated Structure,

2t = 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 Pf = 20*I

Min P£f = 20.00 psf

Since theta < 1/2 in/ft, 5 psf rair-on-snew surchorge applies.
e v e - ——— -

i Pf = 25.00 psf |

b e et ————— e ——————— +

Sloped Roof Snow Load (Ps)
Ps = Ca*Pf

Roof Slippery: No

Cs = 1.00

tmrn e ———— B Ty

| O = 25,00 paf 1

e me e ——— B e LY
AR A RS S A SR A PRS2 2L 22T TY Dtift sSnow Load De’ig‘n ARAR N IR RO R AN AN I NIRRT Db

Pg = 25.0 paf

Snow Density = 17.25 pcf

P3s = 20,00 psf (rain-on-snow surcharge not included)
hb = Ps/density

hb = 1.16 ft

Projection Height = 4.00 ftr

he = height-hb

he = 2,84 ft

hec/hb = 2.45 >= 0.20 Therefore consider drift load.
Importance Category: I

I =1.0

Snhow Exposure Category: C

Ce = 1,0

Separation = 0,00 ft

lu = 35,17 ft

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 = J*hd = 7,71 ft

w = 4*hc = 11,36 ft

R et e L R T L e +

| W= 10.00 ft |

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

hd <= hc

pd = hd*density

e e - +
| Pd = 33,23 psf {
4 0 e ar e - n - —— +*
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Snow Loads

trvRN AR ARk v Rk v Drjfr Snow Load DeSLAN TTCTYErerereniewemdwvavever

Pg = 25.0 psf

Snow lensity = 17,25 pef

Pa = 20.00 psf (rain-on-snow surcharge nctr :ncluded)
ob = P3/density

hb = 1,16 ft

Projection Height = 4.00 ft

hc = height~hb

he = 2,44 ft

hc/hb = 2.45 >= 0.20 Therefore consider drift lcad,
importance Category: I

I =1.0

Snow Exposure Category: C

Ca = 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 d*hd or 4*hc >= 10 ft
w = 4*hd = 11.40 ft

w = 4*hc = 11,36 ft

hd = hd*{20~-9)/20 = 2.85 ft

hd > he, therefors hd = hc = 2.8, ft
~d = hd*density

[ - ———————————

! Pd = 49.00 psf B

AR RARISEFSI AL SR RANFNERIY Dy i Snow Load Deaign (AEA AR RS RS R 222 A2 2 2 )

Pg = 25.0 paf

Snow Denaity = 17.25 pcf

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

hb = 1.16 ft

Projection Height = 14.00 ft

hc = height~-hb

he = 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*1u~1/3*{Pg+10)~1/4-1.5

hd = 2,34 fr

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

w = 4*hc = 51.36 ft

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

Pd = hd*density

R e R et it tartaiaatad +

1 Pd = 40.44 psf i

b mm———— B T L
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Snow Loads
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Main Wind Force Resisting Loads
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Main Wind Force Resisting Loads
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Main Wind Force Resisting Loads

Project : Offlce Building - 3Icheme B
Location : Radford AAP
Design Load : ™ 5-809-1 19391
Time 1 3at Jan 25, 1932 £:46 BM
(B R EE RS EEEE RS AR AR R FEEE SRR N2 N ] wind L‘3ad - 1 Te R A AR TAT AR AR R AR RS AR RN AN N
Valocity Importance Exposure #idth ~angth Roof Type
Factor Perpend. Faralleol
Tec Wind o Wind
(mph) (fe (ft)
70.0 1.00 z 36.90 3.7

Oistance to ocean line >= 100 mi. h/id = 9,39 <= 5

TANRAA AN Ak bR AR AN RAR N TN Malin Frlming Pressuras " tAs vtk s st s ad s N ARAASARNNRAN

Parallel to Ridge or Length

Locatien z or h Gh Kz aqz To External Pressure P (pasf)
(fe) (psf) GCpim0 +3.25 0.25

Windward Wall

parapet 22.0 1.32 0.89 11.2 0.30 11.8

level 3 18.06 1.32 0.84 10.35 0.80 i1.1 " 3.6 5.6

level 2 -~ 3 16.0 1,32 0¢.82 10.3 0.80 10.9 13.4 9.4

level 1 - 2 7.0 1.32 0.80 106.0 0.80 10.6 3.1 8.1

level 2.0 1.32 0.80 10.0¢ 0.80 10.8 13.1 8.1
Leeward Wall 14.90 1.32 0.80 10.0 -7.30 ~-4.0 1.5 -5 %
Side Wall 14.0 1.32 0.80 10,0 =-0.70 ~-9.7 -€.7 -11."
Ro .£ 14.0 1.32 0.80 WL.0 =0.70 -2, -6.7% -11.7
In:iernal 14.9 LI LA R noe ~2.5 2.5

BEKARAAR B AR AAR AR R AR Ak nntd Wind Load = 2 AR RAMAAAANARAAARAARRARC AN NE un

Velocity Importance Exposure Width Length Roof Type
Factor Parpenu. Parallel
to Wind to Wind
(mph) (fr) (fe)
70.0 1.00 c 73.7 49.7

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

CHAEARRRAANRRNNSR RN RN AR Main Framing Pressures A *aA A Atk a Xk sAN AN ARASAAha

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(ft) (psf) GCpim0 ~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©0.88 11.0 0.80 11.1 14.1 9.1
level 1 -~ 2 7.0 1.26 0.80 10.0 ©0.80 15.1 13.1 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 =-9.50 ~7.6 -4.6 ~-10.6
S5ide Wall 28.0 1.26 0.9 12.0 -0.70 -10.6 -7.6 ~13.8
Poof 28.0 1.26 n.96 12.0 -0,70 -10.6 -7.6 -13.%
Internal 28.0 0.96 12.0 n.0 -3.0 2.0




‘ain Wind Force Resisting Loads

AL E R AL ERE RS AR EEE R AN E EEE XN w'_nd L:ad - < (RS A R A R R A LRI NS R AR ENEERE SRS RN
‘alocisy  Importance Ixbosure wideh Langth Yoot Tyre
factor "erpana. araiiel
o Wind -2 Wind
nend [ 0] £ry)
T2 1.00 s 93,7 1.7
Clstance to ocean iine »= 1.0 mi. nd = .56 <= 5

trrervrrtrer s R RN R eteak N Main Framing Pressures =t trvisarsiertrnrentnny

farallel te Ridge or lLengthn

Location z or h Gh “z 3z Ip Ezternal Pressure P (psf})
{fr) (paf) GCpim=C -i3.25 7.25

Aindwara Wall
level 28.0 1.26 0.%6 12.90 0.80 2.1 15.1 2.1
level 2 - 3 1.6 1.26 0.88 11.0 0.80 11.1 14.1 3.1
levei 1 - 2 T.0 0 1.26 0.0 10,3 02.80 7.1 2.1 e
level | .0 1.Z6 0.80 10,90 .40 Tl PR § -1
Leeward Wall 28,0 1.26 0.3%6 12.% -2.490 =m0 -3.0 -%.0
Zide wWall 28.0 1.26 0.%6 12.0 -N.70 - 1.6 -7.6 -13.6
2o0f 28.0 1.26 0N.%6 12.0 -0.70 -10.6 -7.6 ~13.6
internal 28.0 0.96 12.0¢ 3.y -3.0 3.0

R RR A AR b AN b b r I e nnwnhrrrrder Wind Load - 4§ TYYTNECRAErekcrnron A RN RN EIANIRAS

Velocity Importance Exposure Widrh Length Rocf Type
Factor Perpend, Parallel
T Wiad to Wind
{mph) £ty {£%y
70.0 1.00 c 73.7 36.0

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

VearmRertaRRE ORI IR R TS erey Main Framing Pressures ** A rtawewwwwrsnehrvrwwrwy

Parallel to Ridge or Length

Locatlon z »r h Gh Kz iz P External Pressure P (psf)
(£t) (paf) GCpi=0 -0.25 3.25
Windward Wall
parapet 22.0 1.32 0.8% 1.2 0.80 i1.8
level 3 18,0 1.32 92.84 10,5 0.80 11.1 13.6 8.6
lavel 2 - 3 16,0 1,32 0.8z 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 12.1 8.1
Leeward Wall 14.0 1.32 0.80 10.0 -0.,50 ~6.6 -4.1 -9.1
Side wWall 14.0 1.32 0.80 10.0 ~06.70 -9.2 -6.7 ~-11.7
Roof 14.0 1.32 0.80 19.0 ~0.70 -9.,2 ~6.7 -11.7
Internal 1¢.0 0.80 10.0 0.0 -2.5 2.5




Main Wind Force Resisting Loads

TatreersNarET et acrb ot et Wind Load w L et eferIERcrsseannnrnassastnn
Jelocity  Impertance  Exposure lildeh Lenath Poof Type
Factor Pmrrend. faraiiel

" Wind -t oWing

2on) -fry £
s in - Lym
Cistance to ccean line »>= 1990 mi. ed o= 056 <=

“tseveresevsrrstrneveersr Main Framing Preasures

Parallel to Ridge or Length

R R N RN

Location z or h 4h ¥z 3z Ip External Pressure P (psf)
(fry {psaf) GCple( -3.25% .25

Windward wWall
level 2 28.0 1,26 0.96 12.0 %.50 2.1 15.1 LI
.evel 1 - 2 4.0 1.26 .80 19,0 9.80 10.1 3.1 AP
level 1 4.0 1.26 9.80 19,0 2.80 0.1 3.1 KD
T .eward Wall 28.0 1.26 9.36 12.2 -9.50 -7.86 -4.6 -19.6
cde Wall 28.0 1.26 5.36 12.7 -9.77 -12.6 -7.6 -13.%6
Paar 28,0 1,28 0.3%6 12.90 - ~31d.6 -".8 ~13.6
.nternal z8.0 7.96 12.90 2.0 -3,0 2.0

tites f.r muln framing:
fos.tive pressures act toward surfaces.
~ryssure or suction = P = gh*Gh*Cp-gh* (GCpil)
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Wind Components & Cladding Loads

|
Y i
View Output ? - View Calculations > Print Data
| Wind
CJ All Other
i Bd Print To File
| Execute Notepad
i
Y
Scroil Output
i
Y
Page Setup
LeftMargin: 0S5in
Right Margin: 0.0 in
! Print File
v
]
i Exit Notepad
i
P - —_—
HV&ew Perspective (3D) > ¢ olid Object
P
i
l'—> Show Loads
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Zone Areas
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& Cladding Loads

Wind Components

Wind {oaq: Components & Cladding (pst)

Wind Load: Components & Cladding (psf)




Wind Components & Cladding Loads

Project : Office Building ~ Scheme B
Location : Radford AAP

Design Load T™ 5-809-1 1991

Time Sat Jan 25, 1992 5:49% PM

FERARRRANEEI RN RGN IR AN RF ORI RN N Wind [ oad TrrTENREETTRASITARIRTROTRTITRACRANST NS

elocity Importance Exposure width Length Roof Type
Factor Perpend. Parallel
to Wind t2> Wind
(mph) (fL) (fry
0.0 1.00 < 49.7 73.7

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

Height Kh gh Gepi
(fr) (psf)
28.0 0.96 12.0 -0.25 0.25

Height <= 60 ft

TetwasrnbARRRRRNOCe Component /Cladding Pressures (psf) IERAFEE ISR AR 22

. - - - = Walla ...... Ayt e 1t v e -
Windwarxd Lesward
Tributary Zone 4 Zone 5 Zone 4 Zone *
Area (sf) middlies corners middle: cornars
GCp P GCp . GCp 13 5Cp P
Internal -3.0 -3.0 3.0 3.6
Limestone Panel 4.67 £% X 11.70 1. °°
65.3 1.21 17.5 1.21 17.5 -1.31 -18.7 -1.58% -1 ¢
a = 5.0 ft

Notes for components and cladding:

P = qh{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 T™ 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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Start

Y

1

f

Use Loads And
Design Tool Paiette

Y
Live Loads |—) Use Occupancy (L)
v
1 Add
| Office: Offices 50 psf
Add
Cffice: Corridor (Main)
j 100 psf
i
| Add
E Oft.ce: Files & Storage
g 80 pst
'; o )
‘ l"uem F“es & E.........................: ...................
i Storageload To |-»  Douole Giick On
l 150 pst Files & Storage
| )
’ Stop Using
Occupancy (LL)
|
Y
Dead Loads l-—) Floor Dead Loads |- Use Fioor (DL)
v .
| Input
|
! Name: Second Floor
Type pst
Partition: 51-100 pit 60
Finish: Carpet & Pad 10
Deck: MTL DK 20/NLWT 25 420
Structure: Steel Beams 00
Mechanical: Mech A/C Ducts 30
Electrical: Elect/Lighting 10
Fire Protection: Sprinklers Wet 20
Cailing: Susp ChnlTile 2.0
: Total: 57.0
v v v

>~ Select Type %

o e

~ Scroll ToFind
. Load Type & PSF |

Double Click

On Load Type J
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Dead & Live Loads

Y

) A4 Y
g (
| Dead Loads I ‘ Floor Dead Loads l | Save
!
| Y
' Stop Using
: | Floor (DL)
Y ‘
Roof Dead Loads I«){ Use Root (DL)
| o
A 4
. input
) Name: Lower Roof
Type pst
Roofing: Single Ply 16
Deck: MTLDK 15/NLWT 25 36.0
Structure: Steel Bar Jst 36'@4" 27
Mechanical: Mech A/C Ducts 3C
Electrical: Elect/Lighting 10
. Fire Protection: Sprinklers Wet 20
‘ ! Insulation: Rigid Roof ins 3" 2.4
; Ceiling: _
? | Total: 48 ¢;
Y
[ ]
Save i
| ¥
: [ Input
] Name: Upper Roof
i 1 Type psf
. Roofing: Single Ply 15
! Deck: Steel 1-1/2" 20ga 25
Structure: Steel Beams 0.0
 Mechanical: Mech A/C Ducts 30
i Electrical: ElectiLighting 10
; | Fire Protection: Sprinklers Wet 20
i | Insulation: Rigid Roof Ins 3" 24
‘ | Ceiling: Susp Chni/Tile 20
| Total: 144
| v
{‘ Save
|
: Y
‘ Next To View
Lower Roat Load
e X
Stop Using
Roof (DL)
\'% v
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Dead & Live Loads

v

Y

Dead Loads Wall Dead Loads H Use Wall (DL) |
‘ Y
; input
Name: Exterior Wall
Type psf
Finish; Limestone 5" 688
Sheathing:
Structure: Stl Stud 16ga 4"@16 i1
Insulation: Exp Polyst Rigid 1" 0.2
Finish: Gypboard 5/8" 3.1
Total: 732
Y
Save
\ 4 —
input
Name: Par~yet
- Type pai
Finish: Limestone 5" 68.8
Sheathing:
Structure:
Insulation:
Finish:
Total: 68.8
v
Save
v
Next To View
Exterior Wall Load
v
Stop Using
Wall (DL)
\4
Print Print Data
] Loads
[ Ali Other
Print To File
Bd Execute Notepad
v v




Dead & Live Loads

1 Y Y
f Print ) Scroll Output
!
Y
Page Setup

Left Margin: 05in
Right Margin: 0.0 in

Y
Print File
¥
Exit Notepad
End J
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Dead & Live Loads

Loads

Floor Dead Loads

Name : Second floor

Type psf
partition 51-100 plf 6.0
Finish : Carpet & Pad 1.0
Dack : MTL DK 2.0/NLWT 2.5 42.0
Structure : Steel Beams 0.0
Mechanical : Mech A/C Ducts 3.0
Electrical : Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Ceiling : Susp Chnl/Tile 2.0
Total H 57.0

Roof Dead Loads

Name : Lower Roof

Type psf
Reocfing : Single Ply 1.5
Deck 2 MTL DK 1.5/NLMWT 2.5 36.0
Structure : Steel Bsr Jat 367@4¢ 2.7
Mechanical : Mech A/C Ducts 3.0
Elactricsl : Blect/Lightirg 1.0
Fire Protection: Sprinklers Wet 2.0
Insulation ¢ Rigid Roof Ins 3" 2.4
Ceiling H 0.0
Totasi H 48.6
Name : Upper Roof

Type paf
Roofing : Single Ply 1.5
Deck : Steel 1-1/2" 20gas 2.5
Structure : Steel Beams 0.0
Mechanical : Mech A/C Ducts 3.0
Electrical : Blect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Insulation : Rigid Roof Ins 3" 2.4
Ceiling : Susp Chnl/Tile 2.0
Total H 14.4

Wall Dead Loads

Name : Exterior Wall

Type psf
Finish : Limestone 5% 68.8
Sheathing 0.0
Structure : Stl Stud léga 4"A16 1.1
Insulation : Exp Polysty Rigid 1" 2.2
Finish : Gypboard 5/8% 3.1
Total 73.2




Name : Parapet

Type paf
Finish ! Limestone 3" 68.8
Sheathing : 0.0
Structure : a0
Insulation : 9.0
Finish : 0.0
Total : 68.8

Name pst
Offlce: Offices 50
Office: Corridor (main) 100
Office: Files & Storage 150a

a. Variable design load. Increase may be necessary,

Notes

Uniformly distributed live l.ads for support.ng marbers; >.e., two-way
slab, beam, girder or columns having an inflience area of 400 rq ft or
more may be reduced with: L = Lo*{0.25+(15/rgrs4al); |
The reduced design live load will not be lers thzn 50% of tl.a unit
live load for members supporting one floor, ner lesz thar. 0% of the
unit live load for members -upporting two ‘o more flocrs.
Exceptions: For live loads less than 127 psf, no reduction .y . - min-
ted for members supp..ting floor{s} in tha followirg aveas:

~public aasamniy

-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
permitted,
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Minimum Roof Live Load

Y g 4 , Y
i |
View Qutput { ‘ View Calculations i Print File
L
¥
; Exit Notepad
| !
|_ > View Perspective (3D) |—>  Solid Object
Show Loads
>
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Minimum Roof Live Load

Trolect Sffice Building - Scheme 3
Locatien : Radford AAP

Cesign Lcad @ TM 5-809-1 1991

Time : Sun Jan 26, 19392 4:25 PM

crrrsevevrevesvenrrrive Minimum Roof Live Load (L) *=*trrswsresssvennwrrres

Tributary area (At) : 144 sf
Rocof slcpe iFy : 2.00 in 12
Lr = 2C*R1*R2 >= 12

At <= 200 R1 = 1,00

F <=4 R2 = 1.00

Lr = 20.00 psf
minimum Lr = 12 psf

! Lr = 20,00 psf i

bemmmwa P L T X S Y

“heck minimum roof 'ive load, Lz, against minimum snow design lcads.

Additionally, for the design of secondary members such as roof
decking and rafters, a concentrated live i.sd with 250 lbs uniformly
ilstributed over an area of 2 feet square (4 sqt.) will be included.
The concentrated load will be locatsd sc as to proasce the maximum
stress in the member.
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Steel Roof Deck Design

Steel Deck Selection

STEEL ROOF DECK PRELIMINARY SELECTION

Project: Office Building - Scheme B

Date: Feb 26, 18992

Location: Radford AAP Engr:
Load and Analysis Data:
Method: Analysis Load Combination: D + S
Member iD: Factored Moments (ib-ft) |Fact. Reactions
Connectivity: Beam (Left) Load Type Left Mid Right | Left(lb) | Right(ib)
Beam (Right) Decki 16.0 12.8 16.0 12.0 12.0
Deck Span: 8ft Sup Dead| 76.2 60.9 76.2 57.1 571
Trib Width 3in Live
Depth Limit= 1.5 in. max Lmin Roof
Fys  33.0 ksi Snow| 160.0f 128.0 160.0| 120.0 120.0
Fb= 20.0 ksi Wind
Fve  13.2 ksi Summary 252.21 201.7 252.2] 189.1 189.1
E = 29,000 ksi Load Combinations for roof:
Live Ld Defl« L/240 =0.53in|load Case#1: D+ S Est. Deck Wgt= 0.8 pst
Total Defl= L/180 =0.40 in|Load Case #2: Deck + Wind Wind Load = -40.0 psf
Load Case #3: Deck + Construction 200# Point L.oad
Deck Configuration:
{ ~Dieck Type: Roof Deck Callilar:  No :
Cotie Load Combinations:
I load | Fb | M+ | M- S+ S- ix
Case | (psf) | Factor| (f-ib) | (f-ib) | (in.3) {in.3) (in.4)
Number of #1 1.00] 201.7] 922| 0.121 0.055{ 0.0001
spans =3 #2 -39.2| 1.33} 293.5| -235.8] 0.132| -0.106] 0.1650
#3 0.8] 1.33] 284.1| -133.1] 0.128] -0.060
Maximums: 293.5| -235.8] 0.132] -0.106] 0.1650
Steel Roof Deck Selection Table - Spans=3
Depth | Sx+ Sx- Ix | Dk wgt |Const Span Limit
Deck Type | Gage (in) | (In.A3)] (in.A3) ] (In.*4) | (psf) | 1 Span | 2+Span
WR 20 20 1.5] 0.237] -0.251| 0.207 2.2 6'-3" 7-5"
IR18 18 1.5 0.204| -0.211} 0.222] 2.8 6-2" 7-4"
NR18 18 1.5] 0.176| -0.182| 0.203 298] 65-117] 6-11°
WR18 18 1.5f 0.322] -0.331] 0.298 2.9 76"l 8-10"
CASM Preliminary Steel Roof Deck Selection:
Deck Type: WR 20| Span= 80ft | Depth: 1.5in Description: 2-1/2"Rib@6"oc
Weight: 2.2 psf| Gage: 20 Ix = 0.207 |Construction Load Span Limits:
Sx+ = 0237 | Sx-=-0.251 [1span: 6'-3" |2+span: 75"
Notes:

1. Steel roof deck properties from representative manufacturer's data.
2. Design calculations from SDI Design Manual for Roof Deck - 1987.
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Narrowly Spaced Element Analysis

canusnsan

veesvvane

avecenserocossnsees

* D DDEMSIGHAL FRME AMALY#IS PROGRAM ¢

. LLYTY T aae

1-0 TRV AALIFIZ-V #/77 AOW-Sun Jan 26, 1332 $.20 ™M™

TNP DT sreer

ecnareerseavent

Ctfice uiiding - Scheme B -~ Desd Load

NI OF RLBOWTY - 10
WHBER OF WODAL rOINTS - i1
MOMBER OF MATRERIALS - 1
MUMBER OF ALEMENY TYYRS - 1
WOGRER OF SLATIC SUTICAT TIPRI = ¢
NUMBER OF FIXED WMD FOMCH TYPRS » 1
MATERIAL FTYFRI
MATER 1AL rooma’ § 1AM’
MODOLOS FATLO
1 1.0000 n.0080
MR FROPERTIES
TeITE: DICERS
AXIAL SERBAR HAET OF
AREBA AREA ERSIA
1 1000.0000 2.9000 1.0000

D ING D reg
O TTUOR  POSTPION

FIXR0 B0 FORCES DI LOCAL COORD INATRS

mRITH: VERY, POOMTS

ke-d § ARIAL t ISR T wedmry 1 AXIAL I SERAR 7 -t 3

1 3.000 18. 449 11,600 4. 000

49 -11. 484

JOIWT DATA

THITE: TREY, POOWDS

WCDAL COOND INATRS NODAL TORCEY AND NONENTS ElASTIC

NCDR COUS X R 4 x 1 L] SUPPrORT TIZR

t 110 T.0p 0.c0 ¢.00 9.00 q9.00 k]

2 a 10.60 2.20 2.00 3.90 Q.00 L]

3 ¢ 14.20 0.00 ¢.00 .00 2.0¢ e

4 e 17.80 0.00 5.00 9.00 0.¢0 El

3 L 21.40 0.00 0.00 9.00 0.00 a9

L] L 25.00 5.00 0.00 0.06 0.00 2

T ° 18.89 .00 a.00 2,00 2.00 9

. o 32.2% .00 .00 .00 0.00 3

v o 13,80 .00 .00 n.co 9.00 a2

19 9 39,40 7.9 8. 00 2.00 2.90 2

11 10 43.00 G.00 2.00 9.00 9.90 3

SRMEER DATA
2LE WOOE WOOM AP 28 T8 T LY. 2L ITIFY  CARRY OVER
H Bl TIPR TIPS COCE ™ iz L5313 acTes
[ H 1 H 3 1 $ 30 Y] * %0
2 2 3 H 1 3 : 1.00 400 NET)
LI | [ H : 2 : 4 %0 .00 ER Y]
+ s i i 2 1 s.00 000 T.s6
L) L] 1 i 2 X s 00 s T %8
5 s * H e £ 1 4.c0 ..30 T ose
N ] 1 H 2 1 ¢ 20 +.00 2 %0
LI ) ’ i B ] 1 +.00 .90 >80
’y 10 1 H ] 1 « 80 ..00 1 8¢
i 10 11 1 1 4 H 4.29 .06 2.50

PeNsEEs00eeRANeItEsdncabavitiine £ [ 2 P U T Sesecesrcensererancreniunaitvien

JOTNT OIFPLACEGINTY

THITE s INCERS, RADIMRS AFYEA DIVISICN BY 35

Jorwr X-D1 5% LACENENT 1 -DISPLACEENY 3 -ACTAY TOW
1 9.9000 2.0006 3033304.8314
1 8.6000 -138133410.9%87 -1034003. 8374
3 0.00860 ~24240€489 3180 ~3394480.611)
€ 9.0000 -11873140.007Y -1717239. 4307
5 9.0006 -308086262 7008 ~ard si0d
* 2.0000 -408368898 J002 9.6000

3.0000 -3n $240.7804 N G204
. 3. 0000 -3131072240.9077 1717239 4207
¥ 2.92008 ~242406648 3180 1394480._€119
“ 2.0000 -128129€10.8307 2034003.4574
by 2.0008 2.g0%¢ 31023700.633¢

- YN SEmAR J Ny I
: 1p4.400 2.000 5,000 ~13%.320 [FIN LT
3 o o000 153,520 -42¢.336 2.%00 ~l110.840
» 3 o9¢ 116,440 S11.7.744 3.000 -1 .76
. 9 990 1. 740 ST Y] 3960 -30.640
H 1,090 ¥ e S Ll ] -a.0ae
¢ e - .008 -1748.800 9.000 8. 880
k4 0.600 -10.080 ~1879.81% 0.900 ~7.740
’ 0.000 -T7.760 ~i4d °.900
* 9.800 ~116.840 ~111%.748 9.000 €9, 034
L] 0.0900 -193.82¢ -€23.83¢ 2.000 -9.000
APPLIND JOIWY LOADS AND POFYORT RBACTIONS
ONITS: FRET, POUNDS
#oW oRCE R roms 1 wooumT 3
: 11 194,400 -0.008
2 0.000 -6.000 -9.000
] 2. 000 9.200 -0.400
4 0.000 ¢.900 -0.000
s ¢.002 -0.000 -9.000
. 0.000 ~0.900 -3.000
) 0.6990 -¢.000 -6.000
. o.0800 9.000 °.900
’ 5.000 -0.000 ¢.000
12 3.000 0.000 -6.900
1 3.000 194.400 0,000

“*PPOBLENS COMR LETED)

anssesanrsen

s WO DIMENSICNAL FIAME ARALYNIS PROGRAM *

Sensessersasacavneciea

essevesancocs

2-0 TRAME AMALYII®-V 2777 RIN-Sun Jap 28, 1392 3.20 ™

emAoNsansosuEIREe I NI RtRsts [ M P (] T C4VeeciTencoreRItETeIICOIPTOOIIL

~“Efiae Building - Scheme B -- fuperimposed Desd Losd




Narrowly Spaced Element Analysis
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F ° c.00 s.00 0.00 8.00 °
bl ° 0.08 ¢.00 9.00 o.00 [}
4 ¢ 9.00 9.90 0.08 0.08 )
* ¢ o.00 0.00 0.%0 9.00 [}
¢ ¢ 0.00 ¢.o00 e.08 o.08 ]
1 4 3.00 0.00 0.00 0.00 °
[ ¢ 0.00 5.90 0.00 0.00 °
’ ° 0.00 0.00 9.00 9.00 °
10 ¢ 0.00 0.00 0.00 0.00 °
1 10 5.00 2.00 e.00 9.00 °
MRNR DATA
LA WOUR WOOB MAT LN ELR  T.K.F. =L ITIIT  CARRX OVER
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[ ] 10 . 1 ] 1 4.00 TR 2.30
19 10 n 1 1 ] 1 1.06 4.00 0.30
CacteeteetstitererassrIcesteess D R F O T SreeeassrertesussesssaserteoTTeas

TOTHT OISPLACTREIN TS

THITRt THCWES, RADIMNS ATTRR OTVISION 8T wI

Janey x-DIML t-DINIL T 1-BOTAY 108
1 2.0000 ¢.00e0 S1396347. 8340
2 0.0000 ~2176101046.37¢4 <49318037.9591
1 2.0000 -4120910036.833¢ -40703828.3877
] ¢.c0ee F43627800.676¢ -2p1930EN. TI20
$ 0.000¢ -440THSERR0 . 0684 -33313209. 3401
4 9.000¢ -4930493450.0302 0. 0000
M 2.0000 -4E0TUEE00 . 044 ¢ 18313285, 3¢01
s 2.0000 34451387800 0764 30393088 7722
I 2.0008 ~4120910034.8538 407088382077
e 3.9000 -2170331868.37¢8 AA9Le037 9391
1 ¢.0000 9.0000 $1304247.0080
MEEER WD TORCRS
OWIvE¢ FENTY, FOUNDS
aa ARIAL 2 SERAR I "oy 13 ALIAL 3 SELAR 7 oy J
1 0.%00 3304 800 9.908 0.008 -2643.040 10707.3%2
2 0.000 1943 840 ~10707.852 8.900 ~1982 000 19035. 640
3 0.000 1992, 800 ~14095. 640 9.000 -1323.930 24904307
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Narrowty Spaced Elemen

t Analysis
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Narrowly Spaced Element Analysis
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Steel Open-Web Joist Dasign




Steel Open-Web Joist Design

Barjoist Selection

STEEL BAR JOIST PRELIMINARY SELECTION

~_Project: Office Building - Scheme B
. ‘Location: Radford AAP

Date: Feb 26, 1992

Engr:

CASM Load & Analysis Data:

Method: Analysis Load Combination: D + S
Member ID: Factored Moment (ft-lb) |Factored Reaction
Connaction:  Hinge (Left) LoadType Left Mid Right | Left(lb) | Right(ib)
Roller (Right) Dead 1,750 194 194
Spair. 36.0 ft Sup Dead 29,743 3,305 3,305
Spacing: 48.0 in Live
Depth Limit= 36.0 in. max Lmin Roof
Fy= 36.0 ksi Snow 36,825 3,969 4,106
Fb= 24.0 ksi Wind
E = 29,000 ksi Summary 68,318 7.468 7,605
Live Defl= L/360= 1.20in Moment: (EUL) Reaction: (EUL)
Total Defl= L/240= 1.80in Total Ld=| 422 pif Total Ld=| 422 pif
Live Ld=| 227 plf Live Ld=| 228 pif
CASM Joist Selection Tabie: (joist capacities)
Spacing} Totai Liva Mmax | Rmax | Live Ld {Total Ld Joist Weight |
Joist Size (in) {Ld(pif)} Ld(pify | (ftib) (b} | Defi(in) § Defi(in) | (psf) (pif)
28K9 48.0 442 332 71,604| 7,956 0.83 1.53 33 13.0
24K10 48.0 447 283| 72,414] 8,046 0.96 1.79 33 13.1
30K8 48.0 436 353 70,632} 7,848 0.78 1.45 3.3 13.2
30K9 48.0 475 383 76,950| 8,550 0.72 1.33 34 13.4
CASM Bar Joist Selection:
Joist Size: 28K9 | Span: 36.0ft | Spacing: 48in |Total Ld: 442 pifiLive Ld: 332 plf
Wat(tons): 0.23| Mmax: 71,604 Rmax: 7,956] TL defl: 1.53in|LL defi: 0.83in
NOTES:

1.

Bar joist selections based on 1988 SJI Load Tables.

Edit spreadsheet stajstk.xis to revise selection table.
2. Approximate moment of inertia of the joist in inches*4 is:
lj = 26.767 (WLL) (L*3) (107-6), where WLL = Live Load value in table;
where L = Span - 0.33 in feet
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{
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‘Nidely Spaceda Element Analvsis; Beam

"otal Combined toad

.00 Deada {if} - — - —~ o - ~ -
3.20
1
100 Suoerimposed Dead {kif) .12 by
| 1.20 |
R
| H t 3
1.00 Live (xif} kv 34 =z <z A4 z 074 "4 o
Pax )
= T 240 !
20.2
Shear (k) E
|
121.4 -20.2
Moment (kft)
0.0
1 69 2.0
| 5 N
Deflection g —l vL + ~+
20.23 20.23







Start

J

e Y.

I Review Depth Limits,
. Deflection Limits &
l Steel Strength

!

¥

v Review Beam Canfiguration.
] Concrete Properties,

| Deck Rib Dimensions &

} Stud Dimensions

¥

Review Calculations
& Selections

I
t

Use Scratch Pad To
> Explore Span, Spacing,
And Loading Alternatives

Select Member

..................... Yoo
Brint S prcadsheet

Y
Return To Preliminary

A

Select Membar

&J send Member Size
To CASM

¥
Print Spreadsheat

v

Return To CASM

v

Restore CASM o

Vo

Cancel Selected
Element

v
End |

Double Click On
CASM icon

101




Composite Steel Beam Desiagn
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iZomposite St

eet Beam Qesign

Preliminary Selection

STEEL COMPOSITE BEAM PRELIMINARY SELECTION

Project: Office Building - Scheme B Date: Feb 26, 1

992

Location: Radford AAP Engr:
CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L
Member ID; Factored Moments (k-ft) |Fact. Reactions
Connectivity: Hinge (Left) Load Type Left Mid Right { Left(k) |Right(k)
Roller (Right) Dead 26.4 4.4 44
Beam Span: 24.0 f Sup Dead 8.6 14 1.4
Trib Width= 8.0 #t Live 86.4 14.4 14.4
Depth Limit=  36.0 in. max Lmin Roof
Fy=  36.0 ksi Show
Fb=Fy*0.66= 24.0 ksi Wind |
Fy *0.89= 32.0 ksi Summary 121.4 | 2021 20.2
Fv= 14.4 ksi
Es= 29,000 ksi Beam Composite Properties:
{Deftactian Limits: fe= 4.0 ksi Rib Spacing=  6.00 in
Live Load= L/360 =0.80in| .45fc= 1.8 ksi l Rib Width=  2.50 in
Total Load= L.240 =1.20In Wce= 145 pci Ao iieight=  2.00 in
Ltwt conc coef= 1.0 Studs/iio= 1
Reqd Section Properties: Ec= 3,644 ksi Stud Diameter=  0.75 in
Ss(req)= 23 in"3 n= 8.0 Stud Length= 35in
Str(req)= 61 in"3 Slabts= 4.00 in Reduct. Factor=  0.80
Composite percent=  100% |SlabbE= 70.5in Shear Cap=  10.6 kips
CASM Beam Selection Table:
Ss |Dead Ld| Seff Conc | Steel leff |L+SD| #of | Min%
Beam Size in*3 | Defl(in) in*3 |fc (psi)| fs (psi) | in*4 | Defi(in)| Studs | Comp.
W16 x 26 38.4 -0.31 60.8| 0.66f 23.98 934| -0.36 28 99
W 14 x 30 42.0 -0.32 649 0.70f 2246 878 -0.39 32 67
W10 x 39 421 -0.45 67.2| 0.89] 21.67 661] -0.51 40 55
W8 x48 43.3 -0.51 729 0.99] 19.99 607] -0.56 48 40
W12 x 35 45.6 -0.33 70.11 0.74] 20.78 848] -0.40 36 40
CASM Steel Beam Selection: Live Ld Total
W16x26 |Span=24.0% [Seff(in3)= 60.8 leff(ind)= 934 Defl(in)= -0.36 -0.68
Shores Reqd:  No [Nstuds= 28 (full) |Partial: (100 %) Nstuds= 28 |  fv= 5.2ksi
[Beam Wat= 0.31 tons
Notes:

1. Steel beam properties and composite beam properties basea on ASD - AISC
Steel Construction Manual, 9th edition.
2. Dead load shear and moment are not modified with changes in slab depth.
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Widely Spaced Element Analysis: Girder
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Nidelv Spacea Element Analysis: Girder
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Start

v

Review Depth Limits,
Deflection Limits &

Steel Strength

v

Review Beam Configuration.
Concrete Properties,
Deck Rib Dimensions &

Stud Dimensions

v

Review Calculations
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Composite Steel Beam Deasign
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Composite Steel Beam Design

Preliminary Selection

STEEL COMPOSITE BEAM PRELIMINARY SELECTION

Project: Office Buliding - Scheme B Date: Feb 26, 1992
Location: Radford AAP Engr::
CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L
Member {D: Factored Moments (k-ft) |Fact. Reactions
Connectivity: Hinge (Left) Load Type Left Mid Right | Left(k) |Right(k)
Roller (Right) Dead 68.8 8.1 8.9
Beam Span: 24.0 ft Sup Dead 211 2.4 2.6
Trib Width=  24.0 ft Live 179.2 20.8| 224
Depth Limit=  36.0 in. max Lmin Roof
Fy=  36.0 ksi Snow
Fb=Fy*0.66= 24.0 ksi Wind
Fy *0.89= 32.0 ksi Summary 269.1 31.3] 338
Fv= 14.4 ksi
Es= 29,000 ksi Girder Composite Properties:
Deflection Limits: fe= 4.0 ksi Rib Spacing=  6.00 in
Live Load= L/360 =0.80in| .45fc-: 1.8 ksi Rib Width= 250 in
I Total Load= L/240 =1.20in Wc= 145 pcf Rib Height=  2.00 in
Ltwt conc coef= 1.0 Studs/rib= 1
Reqd Section Properties: Ec= 3,644 ksi Stud Diameter=  0.75 in
Ss(req)= 57 in"3 n= 8.0 Stud Length= 35in
Str(req)= 135 in"3 Slabts= 4.00 in Reduct. Factor=  0.56
Composite percent= 100% {SlabbE= 70.5in Shear Cap= 7.5 kips
CASM Beam Selection Table:
Ss |Dead Ld| Seff Conc | Steel leff {L+SD| #of | Min%
Beam Size in*3 | Defl(in) in*3 |fc (psi)| fs (psi) | in*4 | Defl(in)| Studs | Comp.
W21 x50 94.5 -0.25 141.0] 0.68] 2291 2,661 -0.27 72 74
Wi12x72 97.4 -0.41 141.0f 098] 22.90{ 1,569 -045 94 73
W18 x 55 98.3 -0.27 142.3|] 0.73] 22.69f 2,337{ -0.30 78 68
W10 x 88 98.5 -0.45 151.5{ 1.09] 21.31] 1,456 -0.48 94 46
W 14 x 68 103.0 -0.34 147.0f 0.88] 21.96] 1,860 -0.38 94 51
CASM Steel Beam Selection: Live Ld Total
W21 x50 |Span=24.0ft [Seff(in3)= 141.0 jeff(ind)= 2,661 Defl(in)= -0.27  -0.51
Shores Reqd: No [Nstuds= 72 (full) [Partial: (100 %) Nstuds= 72 | fv=4.3ksi
{Beam Wgt= 0.60 tons
Notes:

1. Steel beam properties and composite beam properties based on ASD - AISC
Steel Caonstruction Manual, 9th edition.
2. Dead load shear and moment are not modified with changes in siab depth.

111




112




Start
———
Use Loads & Design
Tool Palette
Y
Material Steel
Y
Load Combination Use Load
D+L+S Combination
Y
Set Factors
» Dead. 10
Live: 10
; Snow: 10
| - v
| - Add
E | v
i OK Button To Close
| ; Dialog Window
| i
| 5
i Highlight D+L+S
—> In List
Y _
Live Load L_) Occupancy (LL)
Reduction £ Apply Live Load Reduction
S Y
Select Element To 5, Coalumn Rolled
Analyze & Design Section

Select Column 83

¥

Review Element
Attributes & Guidelines

= r ~

Yt
(o R e
o —=
4 ““ | e
(T / -—
BY 4 i i B i ]
Y e

O3 ——
——

113




Column Load Run Down
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b 4 —
Seif Weight TTINGe TH BT e T T T T um e
. . B s it S | A6 f> ces Tt
Estimated Self Weight: 36 pif _
i
H
e H Y 4% ¢: a4 73y
Y i ‘
View Columnioad | ot ww“‘: - ve 0
zoen Forg o fovl | T 1 e sy
~un Down ! =
PR Y TP l:
v e i e TR a3ty
B y i
b
Exocel Data L
@& Execute Excel
Toluma B~ Y { o Mua Baew i)

View Calculations - Print Data
} After Design & Live Load Reduction
7 Al Other

Print To File
X Execute Notepad

¥
Scroll Qutput

Y
Page Setup

LeftMargin: 0S5in
Right Margin. 0Qin

Y
Print File

Y
Exit Notepad

114




Column Load Run Down
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Column Load Run Down
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Column Load Run Down

Tributary  Seif i RLR : L Sum DLSum LR Sum $ Sum L
Areq weight
._Joper Roof e 576.0 9.3 2.0 2.0 ta4 227
1
I
1
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|
I
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1
§
3
i
f
140 ‘ 0.4 443 378 144 385
|
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i
e b

Column 8—3 Lagd Run Oown (k)
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Column Load Run Down

frotect : 2€fice Building - :ianeme »
Location : Rad.ord AAP

Cesign Lead ¢ T™M 5-809-1 1391

Time 1 8un Jan 28, 1:92 Lild oM

reRENCLCr T sttt e e T uw [oag Redyictlon **Y *eererecrvscunronneravoe

lecond FlzorsLlovwer Raot

ffice: lfflices "Le) s R
Tr.butarv area CTAY i TA L
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3
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- ———— B R b T Py
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Steel Column Design
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Steel Column Design

Steel Column Preliminary Selection

STEEL COLUMN PRELIMINARY SELECTION

- ‘Project::Otfice: Bulldmg Scheme B

.Date: Feb 26 1992

""" Locatlon Radford AAP + _Engr:
CASM Load & Analysis Data:
Method: Analysis Load Combination: D+ L +S  Steel Fy=  36.0 ksi
Member ID: B-3 Size Limit= 16.0 in. max E= 29000 ksi
Firto { Trib |Floor Levei Load Totals (kips) Load
Name Level | FirHt | Area | Dead | Live | Lmin | Snow | Wind | Totals
6
5
4
3
Upper Roof 2 14.0 576 8.8 14.4 23.2
Second Fioor/L{ 1 14.0 576f 443 37.8 14.4 96.5
CASM Column Selection Table
Level: 2 Prea: 23.2 kips K-value: 1.0 Ce= 126.1
ColShape: W _|{lLength: 14.0 ft Kl: 14.0 _
Depth | Width | Area | ry kv Fa fa | Pallow | ‘Wsight
Column Size | d(in) | bi(in) | (sqin)| (in) (ksi) | (ksi) | (kip) | (ton)
Wéx15 599} 5.99| 443] 1.46|115.07| 10.98f 524 48.6f 0.11
W5x16 5.01 5.00f 4.68| 1.27(132.28] 8.45| 4.96| 39.6] 0.11
W8x18 8.14] 5.25| 5.26] 1.23/136.59 7.78f 4.41 409 0.3
W5x19 515 5.03] 5.54| 1.28/131.25{ 8.61| 4.19{ 477 0.3
W 8 x 28 8.06] 654/ 8.25] 1.62(103.70] 12.50] 2.81| 103.2] 0.20
CASM Steel Column Selection
Depth | Width | Area ry kl/r Fa | Paliow | Weight
Column Size | Level | d(in) | bf(in) | (sqin)| (in) (ksi) | (kip) | (ton)
W8 x28 2 8.06] 6.54| 8.251 1.62|/103.70| 12.50] 103.2] 0.20
W8 x 28 1 8.06] 6.54{ 8.25| 1.62(103.70| 12.50] 103.2] 0.20
Total Column Weight:  0.20
Notes:

1. Steel column properties from ASD - AISC Steel Construction Manual, 9th edition
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| Resi Phil
Steos Required

1. Create buiiding volume

2. Define a structural grid

3. Layout structural framing on ALL lavels

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

5. Select a load combination including wind or seismic loads

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

Om: moment resistant connection-
1. Unbraced Frames ‘oo or

<. Braced Frames

N

=l | A

B. Shear Wealls

7. Define horizontal diaphragm systems

All flexible
All rigid
Floors rigjid & roof flexible
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Lateral Resistance Philosophy

Flexible Diagpt
Simpie Beam Model
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Pl4

Continuous Bearmn Model

7

k * No Torsion

~
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J
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Lateral Resistance Philosophy

For E-W
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis
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Wind Lateral Analysis

1.48C
147¢
el 4436~
35.8X
40.52C

Total Combined Load -~ Axial (k)

045 022 045 022 245 022
' T2 oem . 22 345 522 248
15,62 1271 : 15,62

——_— i S B

7.81 T e.Jx:\'\J 7.81
1806, . IERR i 1562

A A

Totet Combined Load -~ Shear {k)

>
D

2.0 2.68 2.01 2.0% 2.68 2.01 2.01 2.68 2.01

10.30 93.73

Tolal Combined Load — -~ Momant {1t}
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Wind Lateral Analysis

Total Compined Load —— Defiection
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~
el
7~
~
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Wind Lateral Analysis

Protact : Office Building - Scheme B
Location : Padford AAP
Time : Sun Jan 26, 1992 6:10 PM

tekwerrvacrrrrrer Rigid Horizontal Diaphraogm Caiculations =e*=terersnsvuves

Hame h I av Deflection Rigidity R/ % R*x
(£t) (ft"4)  (ft~2) (in) sum (R} (£t}
NS-1 4.0 0 a 9.003 INS5.434 35.92% 3.8 254.528
NS=-2 14.0 Q 0 0,003 308,740 36.31% 48.8 15076.3803
NS~-3 14.0 Y j¢] 3.004 236,080 27.77% 84.8 20027.483
Sum 850.254 35358.814
Centroid from lower left = sum(R*x)/sum(R) : 41.59 f¢
Center of mass from lower left : 4n,73 fr
Eccentricity (e) H .85 fe
Maximum dimension : 395.67 fc
e min = 0.05*max. dimenaion H 1.28 ft
Eccentricity (e) used for torsional analysis : +.28 ft
Name h I Av Deflection Rigldity R/ Fd R*x
(ft) (££~4) {ft*2) {in) sum (R) (£x)
EN~1 14.0 ¢ aQ n.003 208,740 50.00% 72.4 22486.56C
EW-2 14.0 0 b 3.003 308.740 50.00% n.8 257.283
Sum 617.4860 22745.54€
Centroid from lower left = sum(R*xX)/sum(R) H 36.83 ft
Center of mass from lowar left H 36.83 ft
Eccentricity (e) H 0.00 ft
Maximum dimension : 73.67 ft
e min = 0,05*max, dimensicn H 3.68 ft
Eccentricity (e) used for torsional analysis : 3.68 £t
Assumptions used:
Deflections calculated by applying a 1 kip load.
Name h Rigidity dx R*dx Ré*dx*dx R*dx/
(ft) (ft) sum {R*dx*dx)
NS=-1 14.0 3105.434 40.8 12447.298 507262.624 0,00705
N§~2 14.0 308.740 7.2 2237.491 16215.477 0,00127
HS-3 14.0 236.080 43.2 10209.807 441545,.249 0,00578
EW-1 14.0 308.740 36.0 11114.640 400127.035 0.00630
EW-2 14.0 308.740 36.0 11114.640 400127.035 7,00630
Sum 1765277.419
Shear distribution : Pv = V*R/sum(R)
Torsional moment i Mt = Vte
Torsinnal component : Fr = MU*R*dx/sum(R*dx*dx)

Total shear to element:

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

Proiject : Office Building - Scheme 8
Location : Radford AAP
Seismic Code: T 5-809-10 1991

Time Sun Jan 26, 1992 6:09 PM

rRRTN AR TN ANC RN MR TR R RN e kN2 Ca{gmic Analysis

3. Upper Roof :
2. Second FloorsLower Roof :

Total Building Weight (W)

ARRARCRNINC AR CERIENRCXTATRE § - S and B - W

Zone: 2A: 2 = 0.150
Importance Category: IV:
Soil Factoer: S3: § = 1.5
System: Bd4a: Rw = 8

2t = 0,020

hn = 28.0 ft

I =1.00

R AN R RN AR RS AT AN T AN G F v R P WS

188.0
670.3 k

858.4 &

IR RR RS2 R AR AR R R R8s

T = Ct*hn*3/4 = 0,24 sec
T = 1.25*8/T°2/3 = 4.86 > 2.75
T = 2,75
T2+ o= 0,344 > 0,075
N = b58.4 k
Vo= T *CHYW/RW
b . e - - - -
i vV o= 44,3 k |
D ] c——————— -—
T " T sac
P me e - ———————————— -4
! Ft = 3.0 k |
............... [ Y
L et -——
| V-Ft = 44.3 Xk }
bommm e ————— mm—m————
Floor to w*h/ sum (F)
Leavel h Floor h w sum (w) w*h sum{w*h} £ v
(£r) (fr) (k) [$.3] (kft) (k) (k}
Ft = 0.0
3 28.0 188 5264 0.359 15.9
14.0 188 15.9
2 14.0 670 9385 0,641 28.4
14.0 858 44.3
1 0.0
Sum 858 14649 1.000 44.3
Floor to sum(F) Fe+sum (F}/
Level h Floor h w sum(w) v OTH aum (OTM) sum{w)
(£fr) (fr) (k) {k) [$.3} (kfe) (kft)
3 28.0 188
14.0 188 15.9 223 0,085
2 14.0 870 223
14.0 358 44.3 520 0.082
1 0.0 842
Sum 858 842
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Seismic Loads

project Offlice Building - scheme B
Location Radford AAP
Time : Sun Jan 26, 199%2 6:09 PM

FERERCNT R RARTRNCRAANNCRRNNNTTY Canrar Of Mass

LR R R AT R AR RS R

Exterior Wall
Exterior Wall
Exterior Wall
Exterior Wall
Upper Roof

Beam Self Welght
Column Self Welght

N~S Center Of Mass:
E-W Center Of Mass:

Upper Roof -~ 28.0C ft

Weight us NS*Weight
(k) (£r) (kfe)

36.9 36.8 1358.9

24.6 2.8 20.5

36.9 3.8 1358.9

24.6 72.8 1791.4

49.8 36.8 1833.1

i2.2 36.8 450.,8

3.0 36.8 111.4

188.0 6924,9
36.83 ft
24.83 ft

24.8
24.8
24.8
24.8

ZW*HWeight
(kft)

1235.9
304.0
75.1

" "] > 7 241> s e 22l o S D 20 U O D O e o B Y e o 2 o -t s o e i e e e e e e

Second Floor/Lower Roof -- 14,00 ft

Second Floor
Second Floor
se&ccd Floor

Lower Roof
Exterior Wall
Exterior Wall
Exterior wWall
Exterior Wall
Parapet

Parapet

Parapet

Beam Self Weight
Zolumn Self Weight
Exterior Wall
Bxterior Wall
Exterior wWall
Column Self Weight

oW
(fe)
24.8
28,8
24.9
56,8

EW*Weligt
(k%)
1737.9
Lessr 6
1737.%
8419.1
61.5
610.8
1801.6
610.8
662.1
1680.9
662.1
599.9
146.1
1843.6
3129.7
1843.6
75.1

Sum

N-S Centexr Of Mass:
E~W Center Of Mass:

Weight s NS*Welght
(x} (fe) (kfe)
70.0 12.8 238,1
58.3 3g.8 2148.,1
70.0 60.8 4257.4
126.0 36.8 4639.9
73.8 36.8 2717.8
24.6 0.8 20.5
36.9 36.8 1358.9
24.6 72.8 1791.4
9.9 0.8 8.3
19.8 6.8 729.8
3.9 72.8 721.6
16.6 36.8 610.0
4.6 36.8 148.5
43.0 0.8 35.9
36.9 36.8 1358.9
43.0 72.8 3134.9
3,0 36.8 111.4
670.3 24691.2
36,83 fr
40.73 ft

27304.4
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Seismic Lateral Analysis
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Seismic Lateral Analysis
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Seismic Lateral Analysis

11.52
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Seismic Lateral Analysis

/ﬂ\_\ TN ///\~
[ P2 ) ( 3 \1, S
S 24.0 e 24.0 —— 24.0 —
1 kg 26 276 118
& 0.06 1}5\ 0.06 %& 0.06 “iriexie: Sippie
!? *
14.0
21|87 1.25 a2 102 9.02 125 21(87
'L b h+ hv'd o 'L 3 b !&iqid‘_ -140
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------------------ - == = - — A— - —'--80
/1N . | / | N
1.00 Superimpoged Dead {kif)
@ m
24.0 240 <~
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|
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Seismic Lateral Analysis

s +51E 4 656 - 2
| ™~ - :
24ac 245¢ i L 5.44C 7 80C
~ !
PR ;

"o} . : ;
349C sq4c . A1 1.49¢
- .

Ny :
} 596 526 3586 2586 3 - - B
i - :
41.55C 34.65C - 50p5C 41 66C
P P rsec  sAN & i
r ~ ;
| g |
- i
41840 apc 50.54C 42.r5c
-~
Total Combined Load -~ Axial (k)
296 .48 096 048 096 .48
048 1296 . 0.48  -096 048 196

Tolal Cambined Load -- Shear (k)

4.30 573 4.30 430 5.73 4.30 4.30 573 430

Total Combined Load -~ Moment (kit}
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Seismic Lateral Analysis

Total T monge (o --— Tellgglion

ronn
Yew

.
<

o
o
L

4184 31.60 56.71

otal Combined Logd -~ 1oads & Reacliors (k)
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Seismic Lateral Analysis

Project
nocatio

Seismic Code:

Tine

2ffice Building - Scheme &
n : Radford AAP
™ 5-809-10 1991
sun Jan 26, 19392 6:.2 M

tEvesestssrwewnerr Selsmic Laterai Resistance Locaticns teTrTestYRevescecses

6%
Floor to
Levei h Floor h 3 K4 TT™ sum{OT™)
(fr) (£t) (k) (k) ixft) kfL)
3 28.0 15.9
14.0 15.9 223
2 14.0 28.4 223
14.0 44.3 520
1 3.0 542
Sum 44.3 842
NE~2 -- F 36N
Floor to sum (F}
Level h Floor h F v o™ aum (OTM)
(ft) (fe) tk) (k) (kft) {kfr)
3 28.0 15.9
b 15.9 223
2 14.0 28.4 223
14.90 44.2 820
1 0.0 dal
Sum 44.3 842
NS-3 -- F, 28%
Floor to sum(F)
Laval h Floer h F v 2T™ sum (OTM)
(ft) (fe) (k} (k} (kft) kfL)
2 14.0 28.4
14,0 28.4 397
1 7.0 397
Stim 28.4 397
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Quantity Take-Off Phil ,

3 Considerations

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

I 4 [ 4
| I 2 bays
! 2 bays

2. Onae typical floor level and roof leve!

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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¥
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Depth: 45 in

Mt Dk 27-20ga/NLWT 257
1.99 pst

145.0 pcf
42.0 psf

S, A

Design Beam
Elements

v

5— Use Copy Design

v

| Select Surface With
| Properties

i Select All Other Surface
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v
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Mouse Key To End
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|
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!
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Quantity Take-Off
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" Beam With Properties

|
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v

Y
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Elements

t

,‘—9 Use Copy Design

Y
Double Click Right

i Mouse Key To End
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Use Copy Design

¢
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With Properties

v
Select All Other
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Mouse Key To End
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i
|

Select Interior Column
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Y
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Quantity Take-Off

Y Y.
Design All Elements Deleta Designed
Elements Not To

]
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| Quantity Take-Off

Inciude in Take-Off

>

Use Modify Design

Y

]
Quantity Take-Off |
] override Calculated
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NS: 72
Ew. 48
i \ 4
‘ View Output —> Scroll Output
| v
g Page Setup
Left Margin: 05in
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Right Margin: 0.0 in
v
i Print File
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Quantity Take-Off
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Quantity Take-Off

Project : Office Building ~ Scheme B
Location : Radford AAP
Time : Sun Jan 26, 1992 6:30 PM

-
LR R R A A R A e e X R R R R Qulntity Tak@=0ff *trdorernaswnnasvtsurnaveny

......... - e S T i e

Second Floor/Lower Roof

Plan Area: 72.0 ft x 48.0 ft: 3456.0 sqft

STEEL: Narrowly Spaced Elements

Weight/ Total
Description Length Weight Element HNo, Weight
{£L) {(plf} {lbs) (lbs)
36.0 0.0 .0 17 0
Sum [
Total Weight H 0.0 tons
Welight Per Square Foot 0.0 paf
STEEL: Widely Spaced Elements
Weight / Total
Dascription Length Weight Element No. Weight
(ft) (plf) {lbs} ‘1bs)
W 14 x 34 (50} 24.0 34.0 816.0 190 ~1en
36.0 0.0 0.0 2 0
W21 x 50 (72) 24.0 50.0 1200.0 4 4800
W 16 x 26 (28) 24.0 26.0 624.0 15 9360
24.0 0.0 v.Q 2 0
Sum 22320
Total Welght B 11.2 tons
Height Per Square Foot 6.5 paf
Number of Shear Studs H 1208
STEEL; Surface Elementa
Total Cone conc Total Weight
Description Depth Area Weight Weight Weight Conc
(in) (aqft) (psf) (pcf) (paf) (lbs) (lbs)
Mtl Dk 2"-20ga/NLWT 2.5% 4.5 2880 2.0 145.0 42.0 $731 120960
Mtl Dk 2%"-20ga/NLWT 2.5¢ 4.5 384 2.0 145.0 42.0 764 16128
0.0 2592 0.0 0.0 0.0 0 0
Sum 6495 137088
Concrete Cubic Yards H 35.0
Total Weight H 3.2 tons
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Quantity Take-Off

STEEL: Column Elements

Cescription

Total Weight
Weight Per Square Foot

Length Weight

Total
to, reight
{lbs)
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Conciuding Remarks

Schemes A, B and C were developed to permit exploration and instruction of the broadest possible range of
CASM capabilities. The schemes shouid not be viewed as compiletely 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 unlikely 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 steel framed beam/column soliution for "real" consideration would include open web steel joists
spanning 48 feet for the upper roof to eliminate a central coiumn in the second floor space. The lower roof
would be framed with 36 foot span open web steel joists (without inclusion of custom: frusses) as in scheme
B. Both roofs would be sheathed with a metal roof deck without concrete and both would becomne flexibie
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
a moment 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 variely of possibilities. The
Architects will likely dictate the aesthetic expression. The foundation system would be a combination of
isolatad and linear spread footings.

A third logical sciution wouid be a masonry bearing wall system to support the steel open-web joist rort
planes described above. The second floor piane might be constructed of pre-cast pre-stressed hollow 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 unlikely that a reinforced 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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