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Building Introduction Site Map Project Team

* Owner: Princeton University

 General Contractor: Turner Construction

e Architect: HOK

e Structural Engineer: O’'Donnell & Naccarato

* Civil Engineer: French & Parrello Associates
* MEP: Syska Hennessy Group, Inc.

* University Medical Center of Princeton

* Located in Plainsboro, NJ

* 639,000 square feet

* Stands seven stories, 91’ tall

* $300 million project

* Broke ground Spring 2008

* Plans to finish May 2012

* Sustainable features are implemented in the

design, but the project is not LEED Certified

Introduction  Architecture Proposed Solution Gravity Redesig_r”ncern Lateral Redesign Design Comparisons Conclusion



South Elevation

Introduction

Architecture

Proposed Solution

Architecture Features

* Facade
e (lass Curtain Wall
* Two Story Atrium

* Existing gravity system
*  Composite beam/decking
e Slab thickness: 3”
* Beam depth: 16”
* Girder depth: 24"
* Concrete spread footing
foundation

Gravity Redesignyuuuibsaion Goncern  Lateral Redesign

Existing Gravity System

COLUMN & FOOTI
ENCASE STEEL w/ MIN. 3" OF NG

CONC., SAME STRENGTH AS
SLAB, AFTER STEEL IS ERECTED

FIN. FLR. EL: —ISOLATION JOIMT
(SEE PLAN) /

174" LEVELING B

OF BASE B 3/4" GROUT
~——{f— THREADED ANCHOR RODS
3 ADDL. TIES @ 3" - || w/ NUT & B WASHER,
200 MIN. EMBEDMENT
.,'aaé MIN. EMBEDMENT

SEE SCHEDULE FOR CROSS-BRACE PIERS)
VERT. REINF. (To TOP OF NUT)

DOWELS TO MATCH
VERT. REINF.

=z
3
s
g
2
[
s

".
‘— SEE PLAN/SCHEDULE FOR
FOOTING SIZE, REINF, & EL.

YPICAL COLUMN FOOTING WITH
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East Elevation Architecture Features Typical Braced Frame

* Facade QLR oTos AL
 Brick Veneer
e (lass

Aluminum Panel

* Existing lateral System
e Braced frame
e Moment frame

CONCRETE
FPIER

FIN. FLR. EL.
i =) ]
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Introduction

Goals Structural Depth

Design adequate system *  Gravity System

* Strength *  One-way slab with
* Serviceability beams

Create a cost efficient * Lateral System
structure that is simple,  (Concrete moment
fast, and quick to erect frames

Become LEED Certified e Shear walls

Architecture Proposed Solution

Gravity Redesign - Mibation Concern

Lateral Redesign

Thesis Breadth

* Comparison Breadth
* Cost analysis
* Schedule analysis
* Sustainability Breadth
* Green roof design
e Interior sustainable
techniques

Design Comparisons

Conclusion




Gravity Redesign Slab Design Slab Design Table

- PAN Bottom Steel for + M,
* Controlling load combination: 1.2D+1.6L. * OSpan: 14.5° WS* = G0
) give l9ad: sl 5) Zf Tload ae e * Allowable weight: 203psf T = Tl
uperimposeidCEtEt « Slab thickness: 6.5”
* MEP system
e ACT tiles * Bottom reinforcement: #7 spaced at 11”

»  Certain hospital equipment * Top reinforcement: #4 spaced at 12”

e Otherfiltie * T&S: #3 spaced at 9”
* Slab weight: 81 psf

* (ollateral

* Factored superimposed load: 170 psf

» Table 9.5 from the ACI manual helped narrow
down min depths of beams and girders for
deflection concerns
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B1 Design Beam Design B2 Design

* Reinforcement: (5) #8 with #3 Stirrups
* Section Size: 10x20

o Mu=292k-ft < ®Mn=295k-ft
Vu=47kips < ®Vn=127kips

* Reinforcement: (4) #8 with #3 Stirrups
Section Size: 10x20

Mu=139k-ft < ®Mn=234k-ft
Vu=34kips < ®Vn=126kips

(8 (8) @ — @
® ® ® ® ®
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Typical G1 Design Girder Design 32" Max Span G1 Design

* Reinforcement: (9) #8 with #3 Stirrups
* Section Size: 10x20

e Mu=469k-ft < ®Mn=523k-ft

e Vu=90kips < ®Vn=152kips

* Reinforcement: (7) #8 with #3 Stirrups
Section Size: 10x20

Mu=398k-ft < ®DMn=409k-ft
Vu=84kips < ®Vn=126kips

® ® ® @B 66
@66 G
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Typical C1 Design Column Design 32’ Max Span C1 Design

Reinforcement: (16) #10 with #3 Stirrups
Section Size: 20x20
Pu =1022 klpS () """"""""""" -
Mu = 387 k-ft  [—

Reinforcement: (12) #10 with #3 Stirrups
Section Size: 20x20

Pu =986 kips | E—

Mu = 298 k-ft [N E—

fa=0.5fy

G2 Gd G2

| 29.5' | 29.5'
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Vibration Concern Vibration Allowance Vibration Phenomenon

e Steel structures * Vibration occurs during

: . T e
* Vibration concerns at 4000 — 2000 abed 25 * Footfall of a person or persons
micro-in/s iascimasn L ision Foottal Vikration * 50 steps/min is considered to equal
in Health Care Facilities . i
* Concrete structures 4000 micro-in/s
* Vibration concerns at 1000 micro-in/s Space Type F:I::fa"%n(b'?ﬁon' :/e?k * Mechanical gyration from a machine
. . ocCi micro-in/s
* Operating room & patient room concern . , * Isolated slabs
i g Patient rooms and other patient areas 4000 . .
* Vibration should be kept below 4000 Operating and otfier fréatment roomis 4000 » (Concrete structures are better for vibration
micro-in/s Administrative areas 8000 because the slabs are so massive creating a

Public circulation areas 8000

better damping quality

Introduction Architecture Proposed Solution Gravity R_ Lateral Redesign Design Comparisons Conclusion



ETAB Multipliers Lateral Redesign ETAB’s Model

e Model
 (Column Constraints: Pin
* Controlling [.oad Combo: 1.2D+W+L
e Shear Walls (Red)
* Moment Frames (Yellow/Green)
* Assumptions
* Slab acts as rigid diaphragm
e P-A effects considered within the model
* Shear walls take no out-of-plane shear
e Accidental torsional effects, e = 0.05

* Multipliers
* 0.7Ig multiplier applied to columns
* Chapter 10.10.4.1 in ACI 318-08
* 0.35Ig multiplies applied to girders
* Chapter 10.10.4.1 in ACI 318-08
* 0.5 end offset applied
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Lateral Forces Wind Forces North/South Serviceability

. Windward Pressure North/South
o \ / s / Windward Windward Leward Floar
lnd Force i kz q windward, p Pressure Force  Lleward, p Force Hight
c c 85 O0.85 26.63 18.18 (+/-) 4.79 23.61
' ASCE 7—10 Wlfld load CaSEsS apphed 2 85 087 27.26 1861 (+/) 491 2361 152.88
5 85 1.01 31.65 21.61 (+/-) 5.70 2361 13978 B h
p 5 1.085 34.00 23.21 (+-) 6. 23. 3 as€ Sncar. : : e
* Load Case 3 controlled in both S 132 70 24 r o Sy , __ Wind Drift North/South Direction () _
. . 77 85 1198 37.54 2563 (+/-) 6.76 23.61 Story Allowable Drift Check Y-Dir. X-Dir. Total Drift
directions 85 1242 39 165714 701 o 1 0.51 OK 0.0002 0.0003
c - 2 0.54 oK 0.0004 0.0005%
-~ StOI'y drift checked for H/400 : Ay Overturnmg 3 0.42 oK 0.0006 0.0007
. ng:l 0 1601.19 k 82767 k-ft
' ] . 4 0.42 OK 0.0009 0.0009
5 moment:

Ln

0.42 OK 0.0014 0.0014
0.42 OK 0.0020 0.0021
0.42 OK 0.0043 0.0043

=1

82,767 k-ft

T
V=120mph
Vz|bar): 123.61

I 500,00 K

P=23.52psf
P=22.98psf
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Lateral Forces Wind Forces East/West Serviceability

Windward Pressure East/West

o \/ s/ lnd Force ; . a windward, p Windward Windward Leward, p Leward Floor

Force Hight

Pressure Force

» ASCE 7-10 wind load cases applied v 70 own 2t i)

; 370 1.015 3179 23.77 (+/4)
- . 49 370 1.089 34.13 25.51 (+/) Base Shear .
I&"ad Case 3 controllcciiEiEEES G e s 1,054 Kips Wind Drift East/West Direction (X]
1rections n 370 1.241 38.88 29.06 (+/) 7. ' ) Story Allowable Drift Check X-Dir. X-Dir. Total Drift
] 1 0.51 OK 0.0004 0.0004
¥ StOI’y dI’ lft ChCCde fOI' H/ 400 8500 : . Over Turing Moment Overturning y 0.54 0K 0.0009 0.0009
. aC ngil O 1053.67 k 52517.79 k-ft 3 0.42 OK 0.0017 0.0017

moment: - 0.42 oK 0.0025 0.0025

52,518 k-ft 0.42 OK 0.0041 0.0041

0.42 OK 0.0058 0.0059

-— 0.42 OK 0.0277 0.0277
V=120mph

P=25.16psf p=34.81psf | |
p=33.37psf | |
p=31.65psf | |
p=29.49psf | |
p=25.33psf | |
p=24.70psf | |

_
1053.67Kips
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Lateral Forces Seismic Forces Serviceability

1 1 Seismic Loading T= 1.003 s
. Selsmlc FOI'CC k= 1.250 Seismic Drift East/West Direction [X- Direction), 1=1.25 & Cy=2.5
: : = Mass/Area: 6.56E-05 kip Ce= 0039 st Allowable Drift  Check X-Dir. X-Dir. Y-Dir. Total Drift
* Response modification factor, R=3 Floor Wiegh: 4859, kis Vie 114804 Kips I _— M
° 1 1 1 LGB Floor by g h (ft) w (kips) : ] 2.52 OK 1.043 0.041 1.044
Selsmlc deSIgn Category’ B : : 2.52 OK 1.413 0.052 1.414
244 749, 1 /
* Importance factor, I = 1.25 - 2933 663057082 a5t Dk L ! L
. . . ?.206_555.45 Base Shear: 2.52 0K ._;'-1-_55 0.081 2.437
* Deflection amplification factor, 234 380296167 . : i L el 0110 5199
‘ 29334 1012 697 &7 1,601 klpS 3.06 0K 2.927 0.186 2.933
e Moment Frame, C = 2.5 -
Ay L ) £[176.005.80 | 27.455.079.19 | [ T144.04] O t .
[ Shear \/Vall, CD — 3.0 Overturming Moment. Ver urmng Seismic Drift North/South Direction (Y-Direction), 1=1.25 & C;=3.0

Story Allowable Drift Check Y-Dir. X-Dir. Y-Dir. Total Drift
Roof 2.52 OK 0.016 0.016 0.023
] 2.52 OK 0.026 0.017 0.031
: 2.52 OK 0.035 0.017 0.039
2.52 OK 0.044 0.016 0.047
2.52 OK 0.060 0.015 0.062
3.24 OK 0.098 0.015 0.099
3.06 OK 0.185 0.011 0.185

* Story drift checked for 0.015h, P ;r;o;n6e7nlt{:_ft
* Story drifts taken from ETABs were e ol

<158 Kips

adjusted by code by multiplying them e
by hSX(CD/ I) |

1144 Kips
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Introduction

Moment Frame Girders, G2

Girder Design, G2

1% Floor Section Size:
1% Floor Reinforcement:
2" Floor Section Size:
2" Floor Reinforcement:
3" Floor Section Size:
3" Floor Reinforcement:
4" Floor Section Size:
4" Floor Reinforcement:
5" Floor Section Size:
5" Floor Reinforcement:
6" Floor Section Size:
6" Floor Reinforcement:
7" Floor Section Size:
7" Floor Reinforcement:

fc:

Architecture

18x30

(13) # 8 rebar
18x30

(9) # 8 rebar
18x30

(7) # 8 rebar
18x30

15:|# & rebar
18x30

(4) # 8 rebar
18x30

Hﬁ# 8 rebar
18x30

(3) # 8 rebar
4 ksi

60 ksi

Proposed Solution

Tributary Area Layout

Lateral Redesign

Gravity Redesign sVibeation Concern

Moment Frame Columns, C2

Column Design, C2

1* Floor Section Size:
1t Floor Reinforcement:
2™ Floor Section Size:

2™ Flaor Reinforcement:

3" Floor Section Size:

3" Floor Reinforcement:

4™ Floor Section Size:

4™ Floor Reinforcement:

5" Floor Section Size:

5" Floor Reinforcement:

6" Floar Section Size:

6" Floor Reinforcement:

7" Floar Section Size:

71" Floor Reinforcement:

fe:
fy:
p:

26x26

(16) # 10 rebar
24x24

(12) # 8 rebar
20x20

(12) # 8 rebar
18x18

(8) # B rebar
16x16

(8) # B rebar
14x14

(4) # B rebar
12x12

(4) # B rebar
4 ksi

60 ksi

% < 4.0% 0O.K.

Design Comparisons Conclusion




Shear Wall Design Shear Wall Placement Shear Wall Figure

> #3 @10”

Shear Wall Design
#3 rebar spaced at 10
#3 rebar spaced at 12"
(4) #9

8 inches

Horizontal Reinforcement:

Vertical Reinforcement:
Flexural Reinforcement:

Thickness:

Introduction Architecture Proposed Solution

Gravity Redesign _;I&QH Concern Lateral Redesign Design Comparisons Conclusion




Cost Analysis

* (Costs determined from RS Means

* Accounts for material, labor, & equipment cost
* Location factor of 1.1 for Plainsboro, NJ

o $94 322 saved on bare cost

« $786,922 more expensive for proposed structure

with overhead & profit

Introduction Architecture Proposed Solution

Original Cost

Existing Steel Structure
Size Unit Material é Equipment Total Total Incl. 0&P  Amount  Total{ No O&P) Total (w/ Q&P

S 859,303.20

- (s 099[ 30689400 |5 24244626 [ $ 303,825.06
5.70 S 78,066.16
S 320,780.95

3 0.57 S 174,929.58

Deck FireProofing
3" Slab Pumped
c.
s.
-
F.
Beam FireProofing F.

Y.
F.

i

43.50 1,377.00 | § 48,745.80 | §  59,899.50
30.64 7,560.00 | § 201,44651 | § 231,663.49
1.39 | 30,240.00 | § 31,752.00 | &  42,033.60

i
R

W

W16x26
Beam FireProofing 1" thick

i

-

- .0 139 S 123,946.30
i - 79.00 $ 1,044,290.80 | $1,172,360.00
Girder FireProofing . 0 1.39 $  165,020.80
i - S 34763040 [ $ 389,376.00
Column FireProoﬁng - . 5 52,066.56
617,760.00
Column FireProofing | 1" thick

ColumnFireProofing| 1"thick |sF.|$ 113]$ 0938 o0a19]s 2.25 16,006.67 | $  36,015.00 | 5  47,699.87

$ 5,972,968.56 § 7,030,233.51
Total: $5,972,015 Total O&P: $7,030,234

F

s 057]
S 880,553.75

ii

Proposed Cost

Proposed Concrete Structure
Size Unit Material Labor Equipment Total Total Incl. 0O&P Amount  Total{ No O&P) Total (w/ O&P)
| aooopsiconcrete |  cv.|s 10300] - | - [$ 103.00|S  113.00| 1674067 | $ 1,724288.73 | $1,891,695.40 |
- s o3| - [s o3s|s  057] 4384200]$ 1534470|5 24,989.94 |
Concreteslab | 65"slab S 1095|$ s500]$ 1595[$  2350] 16740.67|$ 267,013.64|$ 293,405.68

Slab Reinforcing § 549,575.00 | § 723,125.00
Slab Form . | - |s 3s0|s  s.60| 306894.00 | $ 1,166,197.20 | $1,718,606.40
Edge Form ] . $ 1889244 |$  31,037.58

Concrete Beam $ 117,425.70 | $ 176,035.00

Beam Reinforcing . . 160,380.00 211,200.00
Beam Form 5 69,029.17 105,614.63

Concrete Girder - [s 1945|s 890|s 2835[S  4250| 1639.00|$ 4646565 | S 69,657.50 |

G1 Reinforcing S 80000[$41500| - [$121500[S 160000  77.00|$ 93,555.00 | $ 123,200.00 |

G1 Form s 109[s 3o8| - [$ 417[s 638 7020400|$ 30,01667]S 4592550 |

Concrete Girder - [s 19a5|s so0|s 2835[s  4250( 442500|$ 125448.75|$ 188,062.50 |

G2 Reinforcing S so000[$415.00| - [$121500[$ 160000 31000 | $ 376,650.00 | $ 496,000.00 |

G2 Form ' osu[s aar| - [$ s532[s  s40| 1296800|$ 68,989.76 | $ 108,931.20 |
Concrete Column - [s 1905 s70[$ o2775]|$ 4100 38400[$ 1065600 |$ 1574400 |
C1 Reinforcing |$117500[$51000] - [$1685.00]$ 217500]  9400]$ 15839000 | 204,450.00 |
C1Form ($ o06[s 322 - [$ 38|  eos| 13347.00]$ 5116350 |$ 81,1945 |
Concrete Column_|2ax2a-14x1a[cy.| - [ 158s[$ 14s50[$ 3038|s  3417] 42500|$ 1290038
C2 Reinforcing |6 8s000[Sasso0| - [$1235.00]6 162500]  85.00]$ 104975.00|$ 138,125.00 |
c2Form 4use 'S o07als 38| - [S$ 460[S  730[ 1601600|$ 73,673.60 | $ 116,916.80 |
Concrete Shear Wall | 8" Thick - [s142s5]s oes|s 1493[s 2450 357.00|$  5330.01]$ 874650 |
| WallReinforcing | [Ton|$ 760.00[$281.00| - [$1041.00($ 132500{  94.00|$ 97,854.00 | $ 124,550.00 |
s o0safs ss2|  [s am[s  6s5[ 14469.00|$ 59.467.59 | S  94,771.95 |

Total: $5,878,646 Total O&P: $7,817,156

Conclusion

Design Comparisons

Gravity R.C_l. Lateral Redesign



Based on RS Means output

Assumptions

The Proposed design takes 140 days longer to

erect

Introduction

Schedule Analysis

Task Name

= Steel Superstructure

= 1st Floor Steel
Structure

Set Steel
Detail Steel
Install Decking

* 2nd Floor Steel
Structure

* 3rd Floor Steel
Structure

* 4th Floor Steel
Structure

* 5th Floor Steel
Structure

+ gth Floor Steel
Structure

+ Roof Steel Structure
= Concrete Pour

Multiple crews per task

Ideal construction process

8 day waiting period to construct on top of
cured concrete

Pour 1st Floor

Pour 2nd Floor
Pour 3rd Floor
Pour 4th Floor
Pour 5th Floor
Pour 6th Floor
Pour Roof

Architecture Proposed Solution

-

Original Schedule

Duration _

303 days
43 days

15 days
10 days
20 days
43 days

43 days

43 days

43 days

43 days

43 days
261 days
10 days
10 days
9 days
9days

9 days

9 days

9 days

Start

-

Fri11f11/11
Fri11f11/11

Fri1l/11/11
Thu 12/1/11
wed 12/14/11
Tue 1/10/12

Thu 3/8/12

Mon 5/7/12

Wed 7/4f12

Frigf31/12

Tue 103012
Tue 1/10f12
Tue 1/10/12
Thu 3/8/12
Mon 5/7/12
Wed 7/4f12
Frig/31/12
Tue 10/30/12
Thu 12/27/12

Task Name -

,2011  |Qtr4,2011  [Qtr1,2012  [Qtr2,2012  [Qtr3,2012  |Qtr4,2012  [Qtr1,2013 |
ar| Apr [May | Jun [ Jul [ Aug [ Sep | Oct | Nov [ Dec [ Jan [Feb[Mar]|

Finish

= Concrete SuperStructure

Tue 1/8/13
Tue 1/10/12

= Concrete SuperStructure
= Ground Floor
Frame Columns
Reinforce Columns

Thu12/1/11
Wed 12/14/11
Tue 1/10/12
Thu 3/8/12

Frame Walls

Reinforce Walls

Place Concrete in

Columns

Place Concrete in Walls
~ First Floor
Mon 5-"..?1"12 Frame Slab
Rienforce Slab
Wed 7/4/12 Frame Beam & Girder
Rienforce Beam & Girde
P ) Frame Columns
Fri SIS:UH Reinforce Columns
Frame Walls
Tue 10/30/12 Reinforce Walls
Place Concrete in Slab
Place Concrete in
Beams & Girder

Thu 12/27/12
Tue 1/8/13
Mon 1/23/12
Wed 3/21/12
Thu5/17/12
Mon 7/16/12
Wed 9/12/12
Fri 11/9/12
Tue 1/8/13

Place Concrete in
Columns
Place Concrete in Walls
*+ Second Floor
* Third Floor
* Fourth Floor
* Fifth Floor
* Sixth Floor
* Roof

Design Comparisons

Duration

444 days
444 days
21 days
17 days
5days
5days
2days

2 days

2 days
64 days
15 days
9 days
12 days
7 days
15 days
Sdays
Sdays
2days
4 days
2days

2days

2days

61 days
64 days
64 days
64 days
64 days
64 days

Start

-

Tue 10/11/11
Tue 10/11/11
Mon 10/17/11
Tue 10/11/11
Mon 10/31/11
Fri 11/4/11
Thu 11/10/11
Fri 11/11/11

Fri 11/11/11
Mon 11/14/11
Mon 11/14/11
Thu12/1/11
Mon 12/12/11
Tue 12/27/11
Wed 1/4/12
Tue 1/24/12
Maon 1/30/12
Thu 2/2/12

Fri 2/3/12

Fri 2/3/12

Wed 2/8/12

Wed 2/8/12
Fri 2/10/12

Fri 5/4/12
Wed 8/1/12
Mon 10/29/12
Thu 1/24/13
Tue 3/26/13

Finish

Fri 6/21/13

Fri 6/21/13
Mon 11/14/11
Wed 11/2/11
Fri 11/4/11
Thu 11/10/11
Fri 11/11/11
Mon 11/14/11

Mon 11/14/11
Thu 2/9/12
Fri12/2/11
Tue 12/13/11
Tue 12/27/11
Wed 1/4/12
Tue 1/24/12
Mon 1/30/12
Fri2/3/12
Fri2/3/12
Wed 2/8/12
Mon 2/6/12

Thu 2/9/12

Thu 2/9/12

Fri 5/4/12
Wed 8/1/12
Mon 10/29/12
Thu 1/24/13
Tue 4/23/13
Fri6/21/13

Proposed Schedule

Half2 2011 Hu 1 2012 HquZ zmz Hulfl zma

Conclusion




Conclusion

* More expensive design
* Longer to construct
* Meets all strength and serviceability issues
* Recommendations:
* Do not use unless certain hospital
equipment/procedures need very little
vibrations within the room

Introduction Architecture Proposed Solution Gravity Redes_@_alfem Lateral Redesign Design Comparisons Conclusion
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Clear Cover:
Conc. Wieght:

Stirrup Size:
Misc. Dead Load: Bar Size:
Live Load: # of bars, n:

Bi: s

Beam Design, B2
Two Row
Reinforcement?

Spacing,5: Max of dg, 1", 3/34,
de: 1.0 inch Birin:
348, 0.6 inch
" 1.0 inch =1/18.5 (ACI
Fmin:

1.0 inch

b= min  |b*16%h;
Trib width
251

b,!f-f:

Check Flexure, @Mn=Mu
Mu=Wu*Ln~2,/8
Mus: 291.7 kip-ft

OMn=0.9%A.fy(d-3,/2)
MmMn: 294 4 kip-ft oK

Use Member Size: 10 x
Beam Wieght: 141 plf

Stirrup Diameter:
Bar Diameter, dy:

Area of Steel, Ag:

Area of Steel, A,

Tributary Area:
Influence Area:

L =Max of

0.357 inch
1.000 inch

2

0.79 1

85 in°
391 ft
782 f°
04

Live Load Reduction

Misc. Dead Load:
Live Load:

Bi:

Beam Design, B1

Clear Cover:
Conc. Wieght:
Stirrup Size:
Bar Size:

# of bars, n:

-

Twao Row

Stirrup Diameter:
Bar Diameter, dy:

Area of Steel, 80

Area of Steel, A_:

Tributary Area:

Influence Area:

Boin Z2%CC + N¥dg + 205 + (n-1)%5

7.71 inch

25+15V(K *A)= 079

Total Factored Weight, Wu
Dead Load: Misc. dead + Slab

318-08) Tahle 9.5 min h=l/18.5 116.25 psf

17.19 inch

d=h-dy/2-Cc

Cheak Shear, Vn=Vu

Vu=Wu*Ln/2
Vu: 46.9 Kip

Wn=10%(f'c)(1/2)¥b*d
Vn: 1265 Kip

min h: 17.2 Wu=1.2D +1.6L
240.17004 psf

a=A,*fy/[.B5*F ¥ by
a: 0.88 Rec
Se

Girder width, b:

Spacing,5: Max of dy, 1", 3/44,

Reinforcement?

de: 1.0 inch Bimin:
3 48, 0.6 inch

L =Max of

b =2*Cc 4+ n¥dy + 2d,; + (n-1)%S

6.71 inch

1" 1.0 inch =1/18.5 (ACI

h rriin-

1.0 inch

b.=min  |b*16%h; 1040
Trib width 177
250 54

bas: 54 inch

Check Flexure, @Mn>Mu
Mu=Wu*Ln*2,/8
Mz 138.5 kip-ft

OMn=0.9%Afy(d-a/2)
@MMn: 234 4 kip-ft

Use Member Size: 10 x

Beam Wieght: 141 plf

318-08) Tahle 9.5 min h=lf185

11.68 inch min h:

d=h-de/2-Cc

YVusWu*Lng2
Yu: 338 Kip

Vn=10%(f'c)n1/2)*b*d
Vn: 1265 Kip

0.357 inch
1.000 inch
079 in°

316 in’

266 ft°
531 ft? Live Load Reduction
0.4

2EH15M(KL FA)= 090

Total Factored Weight, Wu
Dead Load: Misc. dead + 5lab
11695 psf
11.7 Wu=1.2D +1.6L
254.8209 psf

1.03 Rectangular
Section

Cheak Shear, Yn=Vu Girder width, b: 10 inch




Floor:

f'c:

fy:

Slab, t:

Misc. Dead Load:

Live Load:

Ba:

Typical

Girder Design, G1 (gravity)

Span:
Spaced Left:
Spaced Right:

Spacing,S Max of d,, 1", 3/4A,

Clear Cover:
Conc. Wieght:
Stirrup Size:
Bar Size:

#of bars, n:

E.

Two Row
Reinforcement?

B =2°Cc + n*dy + 2d,, + (n-1)°5

s 1.0 inch
3fan,: 0.6 inch
1" 1.0 inch

1.0 inch

D= min [B*16%h,
Trib width
.25L
[ 88.5 inch

Bieriin” 871 inch

b1/ 18.5 (ACI 318-08)

I 158.14 inch

d=h-d,/2-Cc

d: 17

E=E.(d-r)/c

& 0.04

Stirrup Diameter: 0.357 inch
Bar Diameter, da: 1.000 inch

Area of Steel, A 079 in®
Area of Steel, A 553 in’

Tributary Area: B56 ft*
Influence Area: 2626 ft

L=Max of 04
25+15/V[K, A= 0.54

Total Factored Weight, Wu
Dead Load: Misc. dead + Slab
116 psf
Wu=1.2D +1.6L
209 psf

a=A,"fy/[.B571'C" D)
a: 1.10 Rectangula
r section

Use Live Load Reduction

43.42

Beam Wieght
141 pif
Pu=1.20

Floor:

f'c:

fy:

Slab, t:

Misc. Dead Load:

Live Load:

Byt

Girder Design, G2 |Lateral)

Span:
Spaced Left:
Spaced Right:

Spacing,5 Max of d,, 1", 3/44,

Clear Cover:
Conc. Wieght:
Stirrup Size:
Bar Size:

#of bars, n:

Eu

Two Row
Reinforcement?

Bam=2°Cc + n=d, + 2d,; + (n-1)°5

3755 pounds

da: 1.0 inch
3044, 0.6 inch
1" 1.0 inch

10 inch

b= min |[b*16*h, 1872
Trib width 318
.25L BEES

D BB.S inch

[+ T 15.71 inch

R/ 18.5 (ACI 318-08)

P 18,14 inch

d=h-d,/2-Cc

d: 27

E=Euld-c)/c

B 0.03

Stirrup Diameter: 0.357 inch
Bar Diameter, dy: 1.000 inch
Area of Steel, A 079 in®
Area of Steel, A 1027 in°

Tributary Area: 391 it

Influence Area: 1564 ft°
L=Max of 04

25=15VK A= 063

Total Factored Weight, Wu
Dead Load: Misc. dead = Slab
116 psf
Wu=1.20 +1.0W+L
150 psf

a=A,*fy/[ B5°f'c"bu)
a: 2.05 Rectangula
r section

Use Live Load Reduction

a30.35

Beam Wieght
141 pif
Pu=1.2D0

Floor:

f'c:

fy:

Slab, -

Misc. Dead Load:

Live Load:

Ba:

Girder Design, G2 (Lateral)

Span:
Spaced Left:
Spaced Right:

Spacing,5 Max of d,, 1", 3/44,

Clear Cover:
Conc. Wieght:
Stirrup Size:
Bar Size:

# of bars, n:

E.

Two Row
Reinforcement?

Bowm=2%Cc + n=d, = 2d,, + (n-1)*S

2236 pif

da: 1.0 inch
3/4h,. 0.6 inch
1" 1.0 inch

10 inch

b= min [b*16%h,
Trib width
.25L
D BR.S inch

Bz 11.71 inch

Pin>l/18.5 (ACI 31B-08)

I 159.14 inch

d=h-d,/2-Cc

d:

E=E.(d-d/c

E. 0.05

Stirrup Diameter: 0.357 inch
Bar Diameter, d.: 1.000 inch
Area of Steel, A 0.79 in
Area of Steel, A 7.11 in’

Tributary Area: 391 ft*

Influence Area: 1564 ft°
L=Max of 04

25+15/V(K,"A)= 063

Total Factored Weight, Wu
Dead Load: Misc. dead = Slab
116 psf
Wu=1.20 +1.0W+L
180 psf

a=A /[ B5°F'C" b
a: 1.42 Rectangula
r Section

Use Live Load Reduction

50.35

Beam Wieght
141 pif
Fu=1.20

2236 pif

26 inch Check Flexure, BMn=Nu Cheak Shear, Vn=Vu Column width: 26 inch
Mu=0.107=Ln"2+Pu*Ln/8, Etabs+continuous+point load Vu=Wu*Ln/2+Pu/2
Combo Controls Wu: 75 Kip Etabs

Moment

Check Flexure, PMn>Mu Cheak Shear, Vn>Wu Column width:
Mu=0.107"Ln*2+Pu*Ln/8, Etabs+continuous+point load Yu=Wu=*Ln/2+Pu/2
Combo Controls Wu: 75 Kip Etabs Mz 833 kip-ft

Moment

Check Flexure, DMn=Nu
Mu=0.107*Ln*2+Pu*Ln/8, continuous + point load
Mu: 398 kip-ft Vu:

Cheak Shear, Vn=>Vu

Vu=WusLn/2+Pu/2
B4 Kip Mu: 1182 kip-ft

Column width: 20 inch

Vﬂ=1ﬂ'[f'f:lﬂ[ﬂ2:l'b'd {])Mn:ﬂ_g'ﬁ.,fy[d—aflj Uﬂ=1ﬂ'[f'{:l“[lf2:l'b'd

OMn=0.9*4,fy(d-a,2) Vn=10*(f'c)*(1/2)*b*d DOMn=0.9*4fyid-a/2)
0K Vn: 341526 Kip Ohn: 841 kip-ft 0K Vn: 341526 Kip

oM 409 kip-ft oK Wn: 126 Kip MR 1200 kip-ft

18 = 30 Use Member Size: 18 x 30
441 plif Beam Wieght: 441 plf

Use Member Size:
Beam Wieght:

Use Member Size: 10 = 20
Beam Wieght: 141 plf




Dead :
Live Load:
By

Column Design, €2 (Lateral]
: I
13157 A = ;
0.4

2SR A=

o

o

. Use Live Load Reduction
t ' 0.4

feet Column Hieght

ZS+1SHIK, A= Lo 2147 pef

Tatal Pu:

2! in an insid
2 inaninsi

S inarow

.00 (] .4

s 0007

- HEEEEH

s R

Etabs

Moment
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Main Wind Force Resisting System — Part 1 All Heights
Design Wind Load Cases

0TS E gy

075 Pry

0563 Py

0563 P py
0563 Py
( (Pyr+Pry)Byey
ey=+0.15 B

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

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

Wind loading as defined in Case |, but considered to act simultaneo
value.

ing as defined in Case 2, but considered to act simultaneous

ting in the x, y principal axis, respectively.
> principal axis, respectively.
entricity for the x, y principal » structure, r
onal moment per unit height ac




