October 20, 2013

Heather Sustersic
had132@psu.edu

Dear Professor Sustersic,

The following technical report was written to fulfill the requirements specified in the Structural
Technical Report 3 assignment that was handed out on September 27, 2013.

Technical report 3 includes a detailed structural analysis of the existing floor system used in the New
Library at the University of Virginia’s College at Wise, located in Wise, Virginia. This analysis includes an
evaluation of a typical bay floor framing under gravity loads, and an evaluation of and interior and
exterior column under these same gravity loads.

Technical report 3 also includes structural designs and analysis of three alternate framing systems. The
design and analysis of each system includes calculations for preliminary sizing and checks for strength
and deflections. These systems will be considered for possible options for the redesign to be completed
next spring.

Thank you for reviewing this report. | look forward to discussing it with you in the future.

Sincerely,

Macenzie Ceglar

Enclosed: Technical Report 3
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Executive Summary

The New Library at the University of Virginia’s College at Wise will serve as a main link between
the upper and lower campus areas, which are currently divided by a steep 60 foot hill. The new
6 story, 68,000 ft?, library will be integrated into the hillside, and will provide students with an
easier and safer path across campus. The architectural design of the facade incorporates
traditional materials found on campus, such as brick and stone. Construction on the New
Library began in August 2012 and will be completed in August 2015.

Soil loads caused the foundation system for the New Library to be unique in its design. The
foundation system utilizes a temporary leave-in-place soil retention system and foundation
walls which are designed to resist future lateral soil loads. Other parts of the foundation system
include piers, footings, and slabs-on-grade.

All six stories of the building have composite floor framing involving both composite steel wide
flange members and composite decking. Framing layout in the building is fairly typical with bay
sizes ranging between 25’-4” x 25’4” and 31’-0” x 25’-4". Steel wide flange columns are used as
the vertical framing system and shear walls make up the building’s lateral system.

Loading conditions considered in the building’s design include live loads, gravity loads, snow
loads, wind loads, seismic loads, and lateral soil loads.

The Virginia Uniform Statewide Building Code (USBC); along with “Facility Design Guidelines”,
governs the design of all buildings on the campus. The USBC adopts chapters 2-35 of
International Building Code (IBC) 2009, which references codes and standards which include
American Society of Civil Engineers (ASCE) 7-05, American Concrete Institute (ACI) 318-08, and
the 13" edition of the Steel Construction Manual.

University of Virginia’s College at Wise — New Library
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University of Virginia’s College at Wise - New Library

Wise, VA

General Information

Full Height: 119’
Number of Stories: 6
Size: 68,000 GSF
Cost: $43 Million

Date of Construction: Aug 2012 — Aug 2015
Project Delivery Method: Design-Bid-Build

Project Team

Owner: UVA at Wise
Architect: Cannon Design
Structural: Cannon Design

MEP: Thompson and Litton
Lighting: Lafleur Associates
Construction:  Quesenberrys, Inc.
Civil: Thompson and Litton
Landscape: Hill Studio
AV/Acoustics:  Shen Milsom Wilke
Foodservice:  Culinary Advisors

e Luelell CANNONDESICN

Architecture

The goal of the fagade design was to give
the impression that the older existing
buildings’ architecture was based on the
New Library’s. This was achieved through
use of materials such as brick and stone
commonly found on the surrounding
buildings.

Construction

Limited site area due to existing campus
buildings impacted the construction by
requiring offset staging and storage areas,
along with the construction of a 500 foot
service road.

Macenzie Ceglar | Structural Option
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Structural Systems

Foundation:  Slab on grade with column piers,

footings and foundation walls
Framing: Steel frame, composite wide flange steel
members, and normal weight composite
deck flooring

Lateral: 9 Reinforced concrete shear walls

Soil Retention: Temporary Leave-In-Place Soil Retention
System, which includes the use of soil
nails and shotcrete covering.

Mechanical
VAV system with a roof mounted chilled-water AHU and

145.9 ton chiller providing 41,300 CFM, and an
economizer and an a heat recovery unit

Electrical/Lighting

Five 480/277 3-phase panel boards
Nine 280/120 3-phase panel boards

Wall switch and low voltage occupancy sensors used
for lighting control

www.engr.psu.edu/ae/thesis/portfolios/2014/mac5676/index.html
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Documents Used in Preparation of Report

Below is a list of the design codes and standards used in the structural analysis of the New
Library at the University of Virginia’s College at Wise.

¢ International Code Council
o International Building Code 2009 (Chapters 2-35 Adopted by Virginia Uniform
Statewide Building Code)
¢ American Society of Civil Engineers
o ASCE 7-05: Minimum Design Loads for Buildings and Other Structures
e American Concrete Institute
o ACI 318-11: Building Code Requirements for Structural Concrete
e American Institute of Steel Construction
o Steel Construction Manual 13" Edition — LRFD
e Concrete Reinforcing Steel Institute
o CRSI Handbook 2008
o Reinforced Concrete Mechanics and Design 6™ Edition
o By:James K. Wight, James G. MacGregor
o Vulcraft Deck Catalog
e University of Virginia Facilities Management and University Building Official
o Facility Design Guidelines
e University of Virginia’s College at Wise — New Library
o Construction Documents
o Specifications

University of Virginia’s College at Wise — New Library
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Gravity Loads from Technical Report 2
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Gravity Spot Checks for Existing System:

Composite Steel System
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Structural Redesign 1:

Non-composite Steel System

University of Virginia’s College at Wise — New Library
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Woypeamn = 1.2(68+ 2+ 25+ Yswoear)) +16(80) * .83 = 1,635
Pu = 1565(8538) x 2 pore toads = 329 F Swe= 5 (35.33)

& = 127 pif

Yz A Yas yoq S S - B

| L )
T T

Mi = (eST4291 Y 07,22) + Biah(@3dY + saguh~
z
&@%m
S Ty W2ix6%  PBMn g0’ 3 598.1'F

Chack DeflectonS . T

& = LS = Zote st

< =
A = cos( 129505123 (112) = .51 e
(oo 1430 FL: o,5u1(25.33)
= a0

L/aes = 23.33G3) =  o.q1)

= O oo = Girdes pasies defiechiond

Check Gaicded Allguiadce
“ 6% - D.6% {5
FTE5 i r

= Ute o W x68 gircdes
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{

Non - CompoSbt fteey
irclefs

Macenne Ceglad

Tech Report &

HAnipar”

GirdecsS cont. 3

Exteliof (irclel

Spon = @1'ut
Trterior Spc:,c.moh = F5'4r

Pownt  Loads from beams

Lou = lquS Ki€
Pu = 1,695(95.83) = 21.5%
2

Wy = 120584 = 9oo.3 > J.gq¥f

[Petecrnmg. Mu
Mu = 0.5(21.5)a133) + (149+ o;rraﬂ(’am’saf/g = ug3.gY

Senf
woagine

Stra*%;f\

D Try WoHx55  BMn = 503™ 7 yrza™

Check Defleceions

Bz 138a%/3 = 695"

>
Ae = 0.05 (85X21.33) (\13%) = 0,313
a0 (1350)

Li2ecs = O.4911

Sy O.313 2 Gicder passes defteckions

=5 lo.9l)

CMK Allowicance

5 - @\ ¢ 5

o5-33

= use o  WaMxSS

=
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ComMmparidon of
Composite Y& Non-comp T Y Repoﬂ: 2 mac_enae C_@{QQ[

FArpapr

Compalidon of Composite ¥S Non - comMm PoSike System

Decking : Soume for both DySkems

2eams 3
Composite Non - comCosike
Wik X 96 w/ 32 Stuwds Wik x 26
Equivalent degnt= 479 ' wesgrt = 26(38.33)= 592
Girdefs s
Compo&n te Not - Comeati ke
WaIn xgy W HE sStuds W A X b3
Inktefiol ] -
L Equivalent woeigne= 23338 155 weight = 90(37.33) = AHbo IS
WAL x5S W 2o studs W X595
Exkedior
Ecbu.l‘dcdeﬂl:‘- HQJC?(\D: ]5{0’515‘5 we‘c&ht‘_e fb—og_lbs

= From Hie compofison of +he becms b deems os if Hhe
Non-composike beaum 15 a mofe economical Choice. Som i
not consSidered in Huws anolysis /desgn o the load cue
to e cenural collectons$ (150 pof) loccked) 1N OHRLL bauys.,
Plecse see noxk poge fF a more detadiied look ae +h:S Fockohl

A simial situokion Moy occul v L cprdess
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Compal: Son of

Composi e Vs NON-Compositc. Tech Repolk 3 | Macenzie CEQ[@:;_(’

Composite vs Non-Composite Beams

= (Considefinn ornerol collectians

E AR i} ) "‘l f \_b X C‘:}.,- (=

Wz [12000) + 1,605 X 6,223 /1000 = .46 KiF

My = (g.qsx;va.sa“;l L gils
? 3

As cedculaked before & tMn =204 > 913"
el ] SAOS
Wiz 150(6.¥33) = |635eFf 2 |, 035 KkIf
Iu;\; e E

A._._; 5(:.095)(95,?5‘1”(11383 = 50 PEY
2g4  (5ooooX 3 0)

Dl = 0,344
2 0.%44 » o, 294

= _Exi.a;tnq desan coan coffy increosed joad

Pedeman Wi x 26
wu = 1.2003) + LLUSS) X 6.222 /000 = DUEY ki€
Muz (9.a5uX85.23)° = 99,2
5
BMA = 151" <199.9"
= RedeS\%ﬂ Nok capabie of Cafyincy mcofease
* Try WISx35 @M= gaq” > 198"

Cneck DeflectiaNs

150 % 6:%533 =
A= 5 (PR Y5530 (1153) = oenn”

(BU (29000 5/0)

ot = o-8uy”

=¥ a=aql 5 5 gy

Page 29



Compar.ton of

COMPOosite. ¥V (oN- cam@.

Teohn Reofb>

Mocenoe Cealas

Finad

Compalizan of

Wik x 26 wj 39 sbuds ¥s wig x35

Wit %X 26

W 33 skuds > 9™

Witk 38 =i gET >

N

Once. e 150 p5F load 15 considered ik coan e
Seen that the NON-composite bearn Size
InCrentes 10 deprh ond  weignt buk the composite
beown femMounsS e oo,

Althougn the WIEx25 has a lowdel esudvalent
WeGNE ; pdnicn Micu, be used fol oSt CoNcelny,
it does fequule inceased gpace fof deptn and
iNUreased weigne pel ok on c%a.rde,r.

One. issue nNot addessed 1N Hus cepolte
1S . imeotk of vitfationsS on He
SysteM. V.orakions on Hl Composite
System hypiceally ade much lowesr than
W/ NonN- Com asite. If vibrations
INcrease the 178 of Ha NoN - composite
becums the deciSion ko use o comPosite
System r'f‘ac}i{% e ciealef.
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Non - composite Skteecl
Design Sum Mk~

Tech Repoft 3

Maocenne C@Qyiof

Non - Compobite, Desian Suenmaly

[© @
T SR WaH X 55 T @
}
i
d | (s ) !’)
T 3 &
?5 M ‘ x X E? X ?
& 2 B g ®
! =
P 3 2 z 3 z
i
i -l DI
13 W3l X b8 "I'l ©
(Sl g &' 16" : & ¥ &' 10" 'L
21 4"

Notes s D) - 672" composite deck |, 2" deck, 4" NWC, 1% aRol (3VIIVF)

Tnfill e Shown ole those codcouwloked using, L= [56psf
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. Macenzie Ceglar
Technical Report 3 Structural Option

Structural Redesign 2:

One-Way Slab with Beams

University of Virginia’s College at Wise — New Library
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I
: |
one - ().)(3;!,:J Slab L/ L‘}Gﬁ:t’rﬁ! J vt * N
: | Slos Jecn Repoft 3 & [ locente C&D(ic:u( |
i
; =y
| 25 H
I
i w |
§
o £
"v csa’ | 6w | exd | ewm |
91‘ L," T
las Desion |
Reteroning Tackag s
- {
% {
= Toble 7.5(a) canmot e used far pralmir Cly |
51?‘-“"C>I due to e Stfuctule SUERofEING |
Parertions and lafgt Sustanad loods’
Cm;.f_;rt',i Innceeosed defiections
. ]
= Table: A-G freen Reinfocced Concrete ‘
Mechanics and Design 6™ Edition
oy Mochregar cnd Wight was used to
dekefming o stalfbing bhickness becouse |
e aceouinks for PoltiEiens = loods i
= Fol pambefs Supepolbing paltitions + |
" (V] e . |
a sustenngd load) fested load > O.S |
Lo ends continuous $ !:
1
a2t LAsi-! 6.%520p) 2 5.0
10 !
i
_a f
= llkze '5ia! Blat i
{
s Foctored Loads
LL= IBO0psf
St (P VaYITo) t lioe. Bk |
3 DF = jioee i T oo = LBl o.pak _:
Wu= 1.20131.3) + 1.4O50) = 29 (Per 16
wr egilioh o) * LepO) s 9%est B 898018 | [Neecp
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One =L

oy Slab W bearns 1

i | Teen Repoft 3 | Mau’ﬂﬁ& Cfﬁ;@ﬂ!

|
i
|

Desion MMorments

M- = (g - SAmle e - & o F 1,69
“ " oD
=
Mut = Loa k" = @38(ea) . 4 = . 16"
e emE 550

= PESTatN Miomenkt coeficients to estimote + L ko be conselvabwe

Esbirmote Steel Resnforcemint — Neagbwe

—fc = HooOpEsL
- Assurie d= 1.5 (FUy w] 34" Cove,(\j

A = My~ = l.(aqnL T 0.056 inT |
Hd Y (h.5") |

Extirnake. Steel Resntorcemmont = (51t we

AE)*: I\/\u" =4 ) lb SRS O%?-] \ﬂx
ud Y (1.5)

Cnack Regiure As fol Temp % Shinkoog

S

As,min = o.001% bh
: 0.0018(12Y%:5)
T 0. 1836 (= Conkblold borh o & pod

fein Fc;rce,m_ﬁ_ﬁg.

Determuing Mox épamnq for Crack Conk(ol i
{Ll oc:o\

S < - 9.5 €cl it 12 (Hooeoyes)
= 1‘5(73{%@7) D&(la=) i & 19 ("fo;m/z/g,(éo,oosﬂ

ST it o

= Spacnt Must be 413" ,
(]

gl

2 Bovide ¥4 @ 12" O.C. for both positive ond
FLG.C%O«[:\VQ rean forement

EHIEL SR S0 SRR 1

Oudan 2 6. 18365 0"

e ———

Page 34
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0N~ Ly Slab LY/ beams| ‘ i
Slob 1 Tef._i’lmﬁ_.gpof& ] Macenue Cepal

Chocx Flexuraol Dbecenatn

Nesorwe & Posibve Momants

PMn = @Ay (d-Ya)

o= Asfy = 0. 2(60) 5 » Jaun
085ty 0.5 W@X2)

= 0.9 (0.3Xe0 X715 ‘a'mq/ﬂ 2

sfolen v

Steleabtt i eg Slab ok ot flexulal Serenoin

Chacy. One. - (,ocw% Sheod

Qu= B pof 2 0,298 Kef
Vu=: o208 (233 % 95): ¢0."
Ve = @XVFC 5ud

= 9(1.0) YF55 (5. 3% 12X 1.5)

= 2v8.4"

BVez 0.5 (882.4) = %6 3"

D 21b.3% > 62.6°
Slab ok for one- oy Sracd

o » S 1) X
Slab Thickness E-w Ritection | N-$ Ditecktion
TOR ZoTToM g0 g 18"
i P
%.5 #u@ R'] *uel2| Fof TJemperabw e

4 Shoncaod

Notes =
fle= Hooops! NwC

s
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ane- i =
mﬁé &\c.);-._bg_- W 'ocams|
OEOLTD

———————— - ——————————a—— e

Decr Desi Q0

Desicéﬁ Loads

s i E.’;(aﬁb\..&) 4 \.6(1‘5'?)3](6.%3\) = ANBeIf

Desio N Momants

Mu = ul? = (2.72X95.23)° x4 = Due™

¥ ? t Estinnate. of Sw

Esimnoke Size

ba® = FoMu

Ty b= 8d | = Fad® s Jo(sNo)
d = \q_?)“

7}

o.55(«XI13)

Ma= 2.6 Y095 -"%%) o= 2m.2"

5.08

M= 64 (31H.3) = 24e.g™ > 246.7F

= Recmn ok for Flexure

Tac,h Repolt O l Mqa_{;‘gf;?e, Cecfo ?

|

Kl e 5 1= it B g0 1  Hbad* k= 3

Lo= Eu (a-o = G6.00% (19.5- 5,05)= 0,0085% >0.00%07 V
(e

(d=19.5)
Compute SE\E woeiqnt Effeckt
Was = _|R (92) x 150 = Q9% pif
jay
Wu = PNE + 1.72(298) = R0I15.6 pif
- :
MU=l Sloqel(35233) = ame
o
Requiced Steel
As = l:':\__kf = 2461 = o N = (H\#—%’ = Yg1a) = Bkl
bd 4 (19.5)
Cne €K Flexulcl &bf‘-’f‘f{’t’n
L (C L R R C=9p, = 942%/os5= 5.05

i
H

= Al SRS SoRT 5

IRP————
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one-uaan Solo W/ beams

BEAMS Tech Repore 3 . Moacenne Ceglod

vl

Check Minimum et forcemont

As.rin= 3VF'C Lwd > 200 bwd

= 3 400 (3Yms) ¥ oo (3X19.5)
0,000 &0, 000

= @ivea 2 2,295

3 Provided As = 3.k > O.BOdwE vV

Check Moximum  Feinforcement

N\
%

As,mox T 0,3503,f'C ( Eu \ bwd
‘F\{ ‘E‘u - E'.' /j
= (0.35Y (1) 0.003 i (2Y1aS)
& 0,008 +0,054

= 5.?“402

S Povided As = B.16r < 5.4 17 v

|
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One way Sk oY beams | i
]

Becms Tecn Regott & | Macenve Cenfol

et e — = =t R e ————————————

Oneck ™GO, PALWEN SeoCNg

<
M cleoe distaance = dy l
berween oals pan = i o Ugh

vasl Tooa Yoy = Va"
B W e %6&

Acktucd Spaan ’"Jc

S= 13- L5@)-0.5()-4 = 1.61 Y 1.33 V
3

Check ™Min Numbel of Bafls:

2 Using Toble A.¥ odopted Frorn ReF.3.¥ wsed
D\ permiSsion of Amadicon (oncieke Tostibu b

3 15" cleaxt covel +F U grirrup D R LYV

Lheck Ohoal Stfengin

Vo= (5.076X2%" 335 - A%50) = ayr

Ve = 9afPebod = @0.0) 4000 (18YmE) 5 a2.)%

O0.5BVe = 13.0u% ¢ B3U" = Sneed Sticrups Needed

Sheal Strenarn (eguwited by (e i06lcernint

\/M/¢ =V < %\[FTC.. Seod

24 - 33,1 < ¥ Looo (13Y14.5)
5

R WA f

Vs

N

W

Mox Spocing of Sheol Resnfocemant

Vs £ UyTebwd = 4Jae0(12X19.5) oo = 6H.]

=} Sdax &_mih %‘d/a .55 = Bgst = g"
24" T

Min SOhact Qe\ﬂFofC\r‘q

Ay = ngg Q,1S@(|3Xq} /éO,ocxb T 0.0925 = 0.0915 )

L 50 a9 /60,000 = ©.0915

3 use 2legs of #3 sticrups @ g

DU XD 2 B, 92y 60915 7

s AN FRT [SOREL. AUNES Sencd . e

S S S S S —



one-uwxan Slab LY beasmsl

Bearms | | Teen Repore 3 | Macenue Cegod

=,

S ——— e ———————————————— — SR ———

Desvanl Oneoad fLeanfolcmant

Sz ‘Ayfed = 0.92(eoXini5) = 1a.5" > Senox
ies 152

S Space @ 9"

Sticrup Losouk

TefmiNoke SERlUPs ok Yu & 8i5@Ve = 1%
[ = 3on6(25.33) — 3.016(d)
=
d= g8
Numboel of SEaftu S
3" + (n-1Xa") 2 §.760(3)
Nz 2.4 = 1D skilfrups

BiGa) %y dpH @ 9 Starting Y from each suppolt

DEAM SUMMARY

D% 2% NWC , Loocopsi
(D Py longitudinad bars Coobtom )
(1I3) " & x L4 € 9" Searbing 3" fom cach suppolt

()




| |
meﬁwocq Sick LY beamd | - ‘_ 1 X u
L Ginder . | Tléch epole S | Widcenne Ceglarll | - |
Gicdel Desiaofl - inkenof i
; lesian Loods
i
i Wu= D.006 Kif ‘
11
Pu= 2.016KE (8582') x 9beams on pone= 15.¢ |
] e
Pesian Moments
M= G5B 133 = jlosd® i xh ) = H“?’S‘K
|
JEbt’\f‘f\. ok DiZC :
1 -
Bel = PO My
1
EE ) e Z2idl 5 Te a4 2O (1)
d = 2.0
2 de i =" (3@ =i 367 ¢ = "
(cl= Z2.5) ?
Compute SEIF Laeiont Effeck
Nsw = 21(86) x 156 = 1¥1.5 pif 2 0.1%35'€
Iy
My = 13F & (@.1'5;1519'1.33‘11 = l?iﬂam }
o é
i
Requited Seeel !
,- Be= Py = Ayl - g0 B ()71 D clhse) 98wt
i qa 433
1 Chack Flexufed Sefengrh |
{
| a=(a.36)60) = Tgeb  C= T¥Y 45 = 9.096
| O ES (U(M)
5 Mn = 9.36 (0 23.5 - "5 )ho = 134" 5
| i
f £ = ©O03 (?}3.5-61.96) = 0.0019 Y 600201 V) ,
} q. 26
i
| N fr— {
i BMN = 0.903%4) = |46 = 1246 2 {
! > Gicdel OX fof flexuse ;



one-voasy Slob Ly Deams

(GIRDER Tech Reyolt 3 i Mocenne C@O{Q_DJ

Anpan”

PR ——

st oo

Check Minimun Reinforcement

As,min = 3ke bwd > 200 bad
'F"f ;’\E

= 3f4oo  (2)(33.5) ¥ 200 (X 33.5)
60,000 &0, o0

= SNt > Oy
= Provided Skeel = 9.36in% < 2.25m vV

Chnock Moximmum [Reanfoccemant

Ao iont olas B, ﬂ( 0.003 \ bud

‘-:‘ﬁ D% T D004

= 0,85 () (o003 - (3X33.5)
A0 D, 003 * &m’«s)

=

= 7. b

= Provided steel = 9,360 < 1707 Y

NG 5 SR SR
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fmr e e ——— A e

|

one way elas f beams |

Gidet | Tech Pepored | Macenme Ceglof |

|

Chock Minirurm %Qqc.moz |

Min Cleot Distance = ds l-L'H“ i 1

| betuwreen bhals I = " =21 gy |

1 road Mahel | el 13"

Ackual %prC,ihfké ;

S= 21-15)-a5@)= 1H1(s) = .7 > 1.4 |

S

Cneclk M Nurnoel of Sals |
> 15" Clec cover + *H stictups @ 3L 6V

|

Chruck Sheaf Screngih

(6] |

% 1% 7% é

l l J, s 1

086 |

FEEEAENNER) i

T |

{2711 3

§

|

{

-z |

é

Yued = 12171 - oase(835)Az = 195.5% s

Yo = D0 aoco(a1X33.5) fioos = ¥39° J

~ 3 - 5

0.5@ Ve = 0.5(15XE) = 4 £ 1950 2 Stirrupes needed,

b req v feanfolcement ,

E

Vo = Vulo -ve ¢ 8{Ffc buwd !

= 198.5 - 39 ¢ %+ ooo (317383.5) /icco §

75 i

= gt kI hepf ot |

i




ONL ¢

vlauu)’ becy™ ._,4

Mox SpacniG of Sheal feinéslc m\
<

Vo &£ HYF'C Hod = H4yuooo () 23,5 Jlooo = 7% “

D Smox © rum ,{dfa =335/ = 1675 ;

/ = 1675 2 16 |

( 2y = |

|
Man Sheal Rensforcana
[&F

Av = max § 015 /Gass (a1)X16)/toec0 = 0, 366
] = C);'agi?’\?‘

L = % <3]Xkb) /l-&;CDD =] 0.2%

# Yy

= Use 2 legs of Stiffups @ It

OT%x 2= OM8YO.I8 V

Dc“mcsn Shoad Reinfoccemant
S= Aviied = 08 X335 = 10.3"
Ve 7%.3

i

= Spoce @ JO

6t- [ O Lc:u_; e,

> Tetrwnoke SEfuES ok Ve £ 33.4%
= Yu nevel < 334F S0 Shrfops afe continuous
A" () + (XY = FL.3AGR)

Nz 33,4 = 35 skicups

= (38) FYx 11 eveny spaced Sherl £40g 3" from
golh  Suprolt

(GIRDER SUMMARY = TNTERTIOR

Ax 28 NWC , YOO @5

(BYi* 1 1@(‘@&@.@-(\&\ Lafs (bottom)

(35) ¥ Hx p4 evenly Spoced Stad eney 3" Lrom each
Suppoft

|
|
{
|
|
i
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one-wocuy Slala w Seoums

Gicdes -} Jecn [Re o>l 5_ Mocenzie. Cendof

P

O~ Exkeriol

Desian_ Loads

Wy = B.01- Xf Wh o= 1,97
R = 201 (@5.8) = 29¢
2

D&s\cbm Memonts

Mu = [Q.S(SC\\;(@?.E’:Q 5 r;q(m,%}}-]'m.l 2 B s P Dl
Estuinate Size

d* = 2o M

Ty b= 73d & T2d® = o(1wi4)

d-= 7.6

hzidh o8 =21 @10 5 k=83 ~ibl- 24"
(29.T=d)

Compute. Self - mc{w Effect

Uiz 0B XIS | A% S O.E%T5 K€
44
rd

Mu 2 Jeira+ (06215 (21.3D) - gus. 4™

r_;:

Requied OSteel

Asz My = 1856 + 3.2 3 ()70 = g et
Y 4(39.5)

Check Fiexyfal fﬁ:&’cf‘-ﬂf“ﬂ

o= (1-8Xe) - 6.39 C: 69 = 11| d=z-15-05-
- T i o
0135 (3

ALl

Mn= (18YX023- %)/ = 5030

&5 z 0,003 ( e = 2.\.\‘) 2 6.00%. D 0.00°0T1 "
¥.H s 5

@Mn = 0.9 (0083 = CIO'I.S“‘\‘> ?HS,S‘K‘/

> Girdel oL foc Flexuse

|
(Rl
¥

i
!
H

= ra_qlg



one Ly Slas W Recms -
GIRDER | Tech Report 3 { Macenze Ce;gzgf

Chack M Resnforce ment

As,rrin = 3VFe bud > 800 bwd
{'h.j‘ .F\i

= JYHOCO (50Y5a.3) > Doo(soX29.2)
60, oo 60,000

=0 ) e Bl

= provided As = 7.8 > 1357 v’

Check Moaximurm Reinfofce ment

As mox = 935 B, f_‘g (0.603 \ bud ;
N \o.eaaro.ocH/

= (0.35) (1) (o.o:n \ (Y 29.%)

60 ,oTano,mM) J

|

= ST I

;

> provded As = 1.7.3<¢ 12.0n ¥V i

;

|

] I

ff |

| |
t
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ONE.- e300, Slab Wl beams

b

(Sicder Tecn Repo(e 3 Macenne Cealal
C?hﬂLK. ™Moo :JS:C#Q‘P“Q‘
L db 1Mo
Min Cleaf Dittonce = & = ‘ = WY
etlocen Tofs N L

Actusl Bposnd

S = 2 1,53 —Q,S"(Q-\)—é_(__[:'—!i@ = 249 > oV
l,‘

K Nt oS

= a5 Clecd Covel + *y skiffuPs = ST

Chocy Shaa Stfengn

o2 LaS A aa ¥

2. 5%% KIf

i 27 &! i i

324 e
{
i
} 929" |
E
Yu@ d = 9349 - 3.588(ra5) /2 = 1.5
Vez 2(0 JHo00 (50Y99.5) hooo © 79.6" |

O0.5PVe = 0505 ML) = 71.9% < NSC D Soircuyos neded |

Nk |

Vaz vuld - Ve < 'EJ?"C,D\DCE lf
i

= $15% - M6 < 89000 (BoXES)

(oZai] g
b e - i s < 1



P —

USRS -

Ont- vy, Slab @f S
i ef ech {3”@0{ £ 3 L Maocernne Qﬁt‘.zﬁ;’.:&.(
s\ of & Qem%'orr_;rm\
o
Ya ¢ UfPc bad = 4fHo® (2S(59.5) ieos = 144D
5> Srox = e § diz= 2a5/p = 19I5 D 1n"
L 24
pMin Syeax Renforcvng,
(4
AV = MGX g 6aAS JHano (\BO\{:]'—Q\) fbolm‘—' 0,22\ = o,23%3
( 50 (poXH) (60,000 = o, 232
-
> Use 2 legs of " Y amtups @ 14"
OB x 9 = (.'Jf""{ > 012.32;
Dezsian Spool Renfreement
% = Av 'Fg'td S (B CSOK?C!-S) = V.2
Ye 424
= Spoce @ 1"
Skaffu Lo.Utouvt
> Termmmate Skrrapes ok Vu 21.98"
71.9% = 31.9- 2.588(d)
o= 2.5
Distance flom Suppofe= /0,29 fe }
Nwrnber oFf S u s * - 1
i
2" + (n-N0Y) > lo.3a (13) :
!

Nn= 906 =

=y "4 b @iy

1O Saffwps

Seafna 9" fiom each cupolt
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Colurmn seHPt Top = (9077 @ 62"

Rottom = (I)* g @ 1,6"

Midclle Stnp ¢ Top= (¥ 5 @ u"

Botcom= (Y ¥5 @ 35"
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s izato

4

N S ———

\/\/etc:éhb C ormnpafiSoN

Exseung . Composite Steal Syskem
Becumns:  bpif (85,.23&(5 Secuma) = 2293 1=
Grrders :  55pi1F (313350 + ((91.335L) = 3342 I8
Deck : &69psf (51.53x25.233) = HIT6T 15

Totad weignt= SH4%2 s = | TB.5psf

(2133 x 25.232)

Non- composite Steel syokem

Ceams: 35pif (3533 5 beams) = HYDDus
Girders: 55pif (a1.23L) + 6B (51.33Fc) = JBLD 15

Deck ¢ pst (9133 x 85.33) = 43,787 /&5 |

Totad wieght = 55,869 16 = |’80.3p¢3~? | !

(21.33 X 25.33)

One.-uxoyq Dlas woith Beorms

Recms: [Crbux 95”17/luq X 25.33&_]>< ISOpct * SoeamS = H1T32 1os

Girders :[[(mxS&)/wu:\J X 27,33 + [{aox Saﬁfmq X 31_33—}])( 18D = 29,143 \bs

Sleo s [(&%Lx T3 X B5. D) x ISG] T IB5E54 (ks

Totol weigne = 151,094 "= 131%.2 pof ]

(27,23 % A5.33)

Teoo =way Slate VN Drep RBunels !

Siow: L% * 87,83 x 85.33) x150) = §6534 1os ;

|

Prop Ponels EBX‘/Z}(IN‘! ® 53/1%)(’3:"‘) e 2T l%‘*)(&]"j&: Hi 68;'%5

Tokod weians = 1256155 = \{gg,gpsé ,

(911%)( 9'5’33\)
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L T@CJ(‘ R@{JD( & 2) F MO..QEJTZ_\Q C.:‘%Q‘,Q,C)f

"%2-

HArpar”

S—

Existino, composite Steel S\ Skem

= coSt estimate clond us Oy RS Mean oo 254
W o loecabion cnulkiplier fo YA = o.85
Includen: Composite DEaMMI L sheol SEudsS, deck Slab * wa,%‘rdeja

Q)o._\.,‘ WZE = 9'.':’233’ 3 3?:33"
TJobkol Lood = OO+ |50 = IS0 g=f

Boy S_i_}@[ Totol toad Totan cost. pel SF

35x95 | 258 psf 55.90

= 635 i

725 x 27 Fuse RA59psg e,

=16 ( > a50) < {
I5x 3O | P53 paf G
S P

-5 = 1618 5 25.9Y (0.%5)* |$99.0S/6F\
%-35.‘3{() 36 =%

NoN-compobitl. Stee) S\Stem

= Cosk eSuimoke done ey RS Meon. IO 254 i
W locakion mulsiplief Yfof VA =0.85

INClucies ' weams, awrdels, composite Skecl deck, slab
feanforcect o wWwF

Boy Size = 25,33 x o733
Tobod ioad = /oo + 156 - 950 paf

(.’xu)a Size Tobod tood] Totol cotk pef SF | Cosk pel SF @ asoPsf
131 pof 29,40 |
?5x @5 { 22.10
=625 263 pef 32,30
35 x 37 250 pof = 7
= &15 3 j
95 x 20 150 psf 29.20 U BT i
=750 259 pof 35. 60 {
263-13\ = 263- 35O = Xz- 33,10 |

T2 7 -394 22,7 - X

259-1¥0 = 9-2950 H x= BU.¥T
35:6 - 9920 B5:6— X

D65 = B E1S = ? = 3.3 (-35\) =0 3)93-”?“‘/5F \ {

i

24,57 - 320 .81~ 7
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Tech Replt 3 f Mocenzie Ceglar

HArapar

One- o Slab ) BDeoMmMsS

T cost estmake cdone using Rs Mean jyjoio 219
WY o location Mulkiphier o YA = 0.8S

Intludes: solich concrfebe one LN Slab cask Monoli Hidally
w/ feinforced Concreke Seams ¥ quectess

oy slze = 25,33 x 2.3
Slos ik nass = 2.5
Totad load = 121+ 150 = 2%l ok

Goxn_size. | Totol lood | Cost Pef OF| Cost pef SF @ 28lput §
95x% 35 237 20 7O '
= 695
95 x 27 2%l Al s i
= 615 , A e b -
;. 2ox D9 |- 254 2.90 2. i
! Z 650 332 33.15 i
BIO-O6H = @D IBL D X= 9.3 %
7215 - 2190 23,5 — % {
o - 695 = 1085 - 635 = 2 =l POl (.853 %\"\ LA ISF !
2IB- 2O T - 7 =] ]

g = e (o 7

P cosk estiMate donf using RS mecn R1010 993 W/ locakion
Mulkiplhielf Ffof YA = O.%5

R e S

includes: Flak Solid Slkab L) diop Eonels

Powy Dize = 25X D133
Jeo hickness = 0"
Toeerl  Load = 1y5+ 150 = P95 psf

M“i Size, Totcd  toad Cotk pat SF | Ceoste pel &F @ mspesf
25 * 85 4> le, 85 (I B=A g
= &85 529 (.45 ) > i
25> 27 2995 is ?
= &15
PSx 30 203 n.os 15,00 ‘
= 750 256 17,60
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Cost

$22.05/SF

$28.74/SF

Composite Steel Non-composite Steel One-Way Slab with Beams Two-Way Slab with Drop Panels

$17.23/SF

$14.90/SF

Weight

78.6 PSF

80.3 PSF

218.2 PSF

185.2 PSF

Maximum Depth 30.5" 30.5" 36" 13"
Additional Fire Proofing Required YES YES NO NO
Fire Rating 2 HR 2 HR 2 HR 2 HR

Likely Likley

Lateral Systems

Concrete Shear Wall

Concrete Shear Wall

Concrete Shear Wall, Concrete
Moment Frame

Concrete Shear Wall, Concrete Moment
Frame

Durability

Acceptible

Acceptible

Acceptible

Acceptible

Advantages

Light weight, average depth,
minimal formwork required

Light weight, average depth,
works well with multiple types of
lateral systems, minimual
formwork required

No additional fire proofing
required, less expensive per SF,
decreased vibrations

No additional fire proofing required,
decreased depth, least expensive per
SF, decreased vibrations

Disadvantages

More expensive per SF,
additional fire proofing required,
higher chance of vibrations

Most expensive per SF, additional
fire proofing required, higher
chance of vibrations

N/A

Increased depth, largest weight
system, formwork required

Increased weight, formwork required
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STRUCTUREPOINT - spColumn v4.81 (TM) Page 1

Licensed to: Penn State University. License ID: 59919-1033951-4-22545-2CF68 10/15/13
untitled.col 11:00 PM
000000 o
0o 00 [ole]
00000 000000 00 00000 0o 00 00 O 0000000000 0 00000
00 0O 00 ©00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00
00000 00 00 00 00 00 00 o0 00 00 00 00 00 00
00 000000 00 00 00 00 00 00 00 00 00 00 00
o 00 00 0o 00 00 ©00 00 O 00 00 00 00 00 00 00
00000 00 000000 00000 000 00000 O 00 00 00 oo oo (TM)

spColumn v4.81 (T™M)
Computer program for the Strength Design of Reinforced Concrete Sections
Copyright © 1988-2012, STRUCTUREPOINT, LLC.
All rights reserved

Licensee stated above acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either
the accuracy or adequacy of the material supplied as input for processing by the spColumn computer
program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to
produce spColumn error free the program is not and cannot be certified infallible. The final and only
responsibility for analysis, design and engineering documents is the licensee"s. Accordingly,
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design
or engineering documents prepared in connection with the use of the spColumn program.
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STRUCTUREPOINT - spColumn v4.81 (TM)
Licensed to: Penn State University. License ID: 59919-1033951-4-22545-2CF68
untitled.col

General Information:

File Name: untitled.col
Project: Tech Report 3

Column: D6 Engineer: MAC

Code: ACI 318-11 Units: English

Run Option: Design Slenderness: Not considered
Run Axis: X-axis Column Type: Structural

Material Properties:

f c = 4 ksi fy = 60 ksi
Ec = 3605 ksi Es = 29000 ksi
Ultimate strain = 0.003 in/in
Betal = 0.85
Section:
Rectangular: Width = 24 in Depth = 24 in
Gross section area, Ag = 576 in"2
Ix = 27648 in™M4 ly = 27648 in™M4
rx = 6.9282 in ry = 6.9282 in
Xo = 0 in Yo = 0 in
Reinforcement:

Bar Set: ASTM A615

Size Diam (in) Area (in"2) Size Diam (in) Area (in"2) Size Diam (in) Area (in"2)

# 3 0.38 0.11 # 4 0.50 0.20 # 5 0.63 0.31
# 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
# 9 1.13 1.00 # 10 1.27 1.27 # 11 1.41 1.56
# 14 1.69 2.25 # 18 2.26 4.00
Bar selection: Minimum number of bars
Asmin = 0.01 * Ag = 5.76 in™2, Asmax = 0.08 * Ag = 46.08 in"2
Confinement: Tied; #3 ties with #10 bars, #4 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65
Layout: Rectangular
Pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area: As = 31.20 in”™2 at rho = 5.42%
Minimum clear spacing = 2.31 in
20 #11 Cover = 1.5 in
Factored Loads and Moments with Corresponding Capacities:
Design/Required ratio PhiMn/Mu >= 1.00
Pu Mux PhiMnx PhiMn/Mu NA depth Dt depth eps_t Phi
No .- kip k-ft k-ft in in
1 450.00 0.00 1028.33 999.999 11.07 21.30 0.00277 0.710

*** End of output ***

Page 2
10/15/13
11:00 PM
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