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Executive Summary

North Shore at Canton is a four story town home structure built on top of a
concrete pier in Baltimore harbor. For the purposes of this report, the building can be
considered as three different structures. The concrete pier will make up the foundation,
the first floor is a rigid steel frame, which is pinned to the pier, and the second, third and
fourth floors are comprised of a bearing/shear wall system, made up of steel studs and
gypsum sheathing. The floor system for the first floor is made up of pre-cast hollow core
planks, which are welded to the steel frame, and a 2-1/2” topping of concrete. The
second, third, and fourth floor systems are made up of pre-engineered floor trusses
topped with % OSB, which rest on the bearing/shear wall.

An analysis was made to determine the capacity of the lateral force resisting
system. Both wind and seismic loads were calculated and compared based on the
Allowable Stress Design equations as given in the IBC 2003. The loads were distributed
to the building based on tributary area, the shear walls were analyzed and then the steel
frame, the forces on the frame were to come from the lateral load at that level, as well as
the resulting base shear and resulting moment that are caused from the three stories of
shear walls that sit on top of it. The loads then transferred from the columns into the pier
bents. The shear capacity of a typical shear wall was considered for this report, as well as
story drift, overturning moment, also the steel frame was analyzed using a computer
model. The pier structure was assumed to be able to carry the loads transferred from the
columns.

There are two span directions for the shear walls, and it was determined that the
short spanning shear walls could carry the story forces, while the long span could not.
Over-turning moment was not a factor, as the dead load of the structure provided enough
resisting moment against the story force moment. Also Lateral drift was not an issue as
the building deflection was within limitation, however it should be noted that some
calculations were based on assumptions and should be verified.



Introduction

North Shore at Canton is a four story town home structure, built over a pier in
Baltimore harbor. The pier structure is supported by concrete piles, which also make up
the pier bents. The bents span 60°, are spaced at 25’, and are tied together with a cast in
place concrete slab. The top of the pier level is also the first floor of the town home
structure. The first floor structure is comprised of a rigid steel frame topped with hollow
core pre-cast planks and a thin layer of concrete. The steel frame consists of W 12x96
columns, 9” in height, that line up over the pier bents. The columns are to be considered
pinned to the pier structure. The steel beams that make up the rigid frame range from W
24x62, to W 24x78. The second, third, and fourth floors are made up of 25’x30’ bays,
with a floor height of 10°. The top three floors have bearing/shear walls that are spaced
25’ apart and line up directly over the steel columns and pier bents. There is also a shear
wall which spans the length of the building, 250°. The walls are comprised of steel studs
and use gypsum board as the diaphragm. The floor systems of the top three floors are
made up of pre-engineered wood floor trusses spaced 16” on center.

This report will analyze the lateral force resisting elements of the building. The
loads considered for this analysis were wind and seismic and were derived from the IBC
2003; however it should be noted that the building was designed under the BOCA 1996
code where wind loads usually controlled the design of the lateral system. The report
will also consist of, but is not limited to, the load distribution to the lateral system, the
load capacity of a typical shear wall, overturning moment, and lateral building deflection.
It should be noted, for the purposes of this report, that the top of the pier will be
considered ground level, and all lateral loading transferred into the pier structure will be
resisted by diagonal piles.

Loads and Load Cases

The loads used when the building was designed were derived from the BOCA
1996 codes. The BOCA ‘96 code has some downfalls; one is that the wind load
predominately controlled over seismic load in most places, another is that the use of
lateral sheathing was not of big concern. The load used for the lateral design of the
building structure, was a wind load with an approximate pressure of 14 psf.

The loads used for the purpose of this report were derived for the IBC 2003, and
both wind and seismic loads were considered. Wind and seismic calculations are located
in Appendix A. The resulting story forces are located on the next page.
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Load Cases:

Seismic Load
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Since the shear walls use gypsum as the diaphragm, the load cases used will be
derived from the Allowable Stress Design equations. Both types of loading were
considered in each span direction, based on the ASD equation:

D+(Wor0.7E)+L+(LrorSorR)

(IBC 2003 eq; 16-10)

Only D + (W or 0.7E ) will be considered for the purposes of this report.

When both loads are put into this equation, the seismic loads still control in both span
directions. Loading comparisons are located in Appendix A.



Distribution

Lateral loads will be distributed to each member based on tributary width. This
assumption was based on the fact that the shear walls have an equal stiffness, and are laid
out in an equal and symmetric manner. A diagram of the shear wall layout is located in
Appendix A. Also the rigid steel frame which makes up the first floor has both a
symmetrical layout and equal stiffness, which also backs up my assumption. It should
also be noted that each floor system should be considered a rigid diaphragm, so the load
would transfer entirely into the lateral elements.

Analysis and Member Checks

For the purposes of this report, the building will be considered as three separate
structural systems; three stories of shear walls, one level of a rigid steel frame, and the
concrete pier. First the top three floor of the building will be analyzed as a simple shear
wall system. Since the shear wall sit on top of the concrete and hollow core planks, it
will be assumed that the base shear and resulting moment will be resisted by the steel
frame that supports it. The frame will have a story force acting on it as well. Since the
steel columns are pinned to the pier, moments will not transfer into the concrete bents,
only lateral and axial forces.

The shear wall analysis method used, was obtained from the IBC 2003. The
allowable shear for the diaphragm member of the shear wall came from table 2306.4.5.
For the short span, ¥2” gypsum board with nail spacing of 6” around the edges and 12”
intermediate was the information used to obtain the table value. A value of 90 plf was
noted, and since the walls are to be considered double sheathed the value was increased
to 180 plIf. For the long spanning shear walls there were some differences in the
sheathing used. On the exterior bays a sheathing of 15/32” Plywood was used, while the
interior units used the %2” gypsum board. The long spanning shear walls are to be
considered double sheathed, and nail spacing is provided in Appendix A.

Allowable Shear Values (for single sided sheathing):

" Gypsum 90 plf IBC 2003
Board Table 2306.4.5
15/32” 170plf IBC 2003
Plywood Table 2306.4.1

These values were adjusted and compared to the tributary story shear at each level. The
shear walls spanning the short direction were adequate to carry the load\; however the
shear in the long span direction, while it could be carried by the plywood, the plywood
would need four times as much sheathing to carry the load correctly.

The tributary base shears and resulting moments from the top three floor, were
distributed into the steel frame that they sit on. This was modeled in a computer
program. Complete results are located in Appendix A.

Story Drift:



The story drift calculations were based on the equation given in the IBC 2003, for
shear wall deflection. Some assumptions need to be noted about this analysis; first the
shear wall deflection equation is based on two parts, deflection of the chord member and
deflection of the diaphragm member. Since the chord members are made up from cold
rolled steel studs, the area of the members and the modulus of elasticity will be adjusted
accordingly. Also since the diaphragm is made up of gypsum board, some material
properties have to be assumed. All information used for the assumption was obtained
from USG, and is available upon request.

Story Deflection
1 0.17
2 0.098”
3 0.151”
4 0.205”
Total 0.554”

The overall building drift was based on H / 480, with H = height (in), and is equal
to 1.2” > 0.554” therefore lateral drift is ok. However these deflection calculations were
based on assumptions made and can not be permitted until proper information is verified.

Drift calculations are located in Appendix A.
Over-turning Moment:

It was found that the dead load for the structure was more than adequate to resist
the over turning moment caused by the story shear. A representation of this is located in
Appendix A.

Conclusion

The purpose of this report was to gain a better understanding of the lateral system
of the building, the transfer of the loads, and how these factors affect items such as
building drift. Most values calculated were with in acceptable values, though it should be
noted that these values were based on some important assumptions that should be verified
before they are used for any practical purposes. Also it should be noted that the pier
structure is assumed to be capable of supporting the loads that are transferred through the
steel columns. Since some of the lateral elements could not support the loads given and
since the building was designed from a previous code, more analysis, and possible
redesign, will be required.



Appendix A



Load Calculations: Wind Loads
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22.208 10.000 19.558 18.887 58.67 13.60
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18.154 10.000 16.772 16.013 i el R N Y|




Load Calculations: Seismic Loads

Diate Designed
PROJECT TITLE : Morth Shore at Canton
CLIENT i P Date Checked
TITLE: EQUIVALENT LATERAL FORCE METHOD
Designed By : Beau Menard Page:
Checked By :
REFERENCE CALCULATION OUTPUT
1. Introduction
ASCET-02 These delormiine the ign Categury and calculale Seb Slorey shoar wsing ihe
Lateral Farce Procedu Jtlined in Section 8 of ASCE 7-02 "Minimum Desian Loads for Bulidings and Other
Structures”,
rd, Parameters
Buikding Localion ; Scranton, Pennsylvania
Number of Stories : N 4
Inter-story Height he 121
Buiktng Height : By a8 ft
Table 8.1.3 & Tabla 1.1 Seismic Use Group : 1 1 {Office)
Decupany Importance Factor 1.00
Tadle 9.4.1.2.1 Sie Classification = D {Assumed stiff soil)
Figure 8.4.1.1a 0.2s Accaloration | B 018 g5
Figure 8.4.1.10 15 Accaluration ; 0.06 g5
Table 8.4.1.24a Sile Class Faclor Fa 1.20
Table 9.4.1.2.4b Site Class Facior 170
Adjusted Acoslerations Sus =Fa 85 0216 g5
S =F 8 0.102 g5
Design Spectral Response Accelertions Bra = (23)8us 0144 g5 Sos = 0084
= (@35 0.088 g5 Sgy = 0.068
Table 9.4.2 18 & Table 6.4.2.1b Sedsmic Design Category < Seismic Desian
Equivalent Lateral Load Method can be used Caleorgy is ©
3, Equivalent Lateral Force Procedure (9.5.3)
A Selsmis Bage Shear CosfMicient (9.5.3.2)
Assumed light framed walls
|} Dispction shear panels
Table 9.52.2 Response Medification Factor Reis z Rys® 2
Equation 9.5.3.2.1-1 Seismic Response Cosfficient : Cuns = 5e/Rugl) 0072
Taoble 85532 Cros 002
Table 0.5.53.2 x 07s
Approximate Pericd of Stnuchure Tis = Cr, e’ 0.36 Tus = 0.36
bt Seismic Responss Cosfficient nesd not be
Equation 9.5.3.2.1-2 greaber han Cs e s Sl T(Rus/ 0.093
Equation 9.5.3.2.1-3 and Cy =0.04415;;  0.0063
Therofore, the Seismic Response Coeflicient (C, ) used s 0.072 Cons ™ 0.093
Assumed light framesd walls
1 E-W Dimclion shoar pantls
Table 8.522 Response Modification Factor = Rgw -] Row =2
Enquation 5.5.3.2.1-1 Seismic Response Coefficient : Coem " SRendl) 0072
Table 95532 Crow 0028
Toble 95532 ® 0.80
Appeeadmate Period of Staciune - Tew = Cr e 062 Tew ™ 062
bwl Seismic Response Cosffickent need nat be
Equation 9.5.3.2.1-2 greater than € v, i STz 0055
Equation 9.53.2.1-3 and Cg g = D415 0.0063
Therefore, the Seismic Responses Coefficlent (G, ry) ssed 5 0,055 Cy = 0055
Table 22-1 “Baskc Loadng b, Loading Gharacteristics
Criteria” of Desian Report
I Roof ©
Dend
Mermbrane 10 puf
Rigid Insulation 20 pf
Medad Roof Deck 20 psl
Riaf Framing 200 paf
Drywall ceilding 0.5 50 psf
MAE Sarvices 5.0 pst
TOTAL Geoes © 35 psf of rool area Ty = 35
ii. Al other Floors :
Flooring 1.0 psf
Open Web Floor Joisls 16.0 pst
7 058 4.0 pst
‘Structural Sleel Studs w! 172" Gyp.Sheathing 10.0 pef
0.5 Drywall Ceiling 5.0 pef
MEE Services 5.0 pel
A required in 9.6.3.2 Movoable Parition 200 pst
: TOTAL Qo © §1.0 pst of fioor area Buoes = 610
iil. Perimeter Wall:
Biick Curtain Wall, ., ¢ 100 pst Qe = 10.0
iv. Snow Load:
Snow
SNOW, Qere 2000 psl Qo = 200




Load Calculations: Seismic Loads

Checked By :
REFERENCE CALCULATION BUTPUT
Building Width : W 60.0 A
Buiding Length : L 250.0 A
Gross Roof or Floor Areac A= WxL= 15,0000 sq.ft
Total Weight of FOOF, Wi = A X (G + Gl + 2(W + L0500 = B2 hips
Total weight of Bach N00F, Woe per ™A X Doy + 20V + LGy = 869 kips
Wi = (TP e 2,968 kips
Totnd Building Weight, W ™= W + Wem = 830 kips W= 3830 kips
Exquation 9.5.3.2-1 Hence Seismic Bose Shear, Vs = CusW = 06 hips V= T kips
Honce Seismic Base SMEAF, Vi = Gyl = 210 kips Vewm 210 Mps
& of Seismic Forces ($,5.3.4)
The distribution of Interal foroes over the height of the bullding ks shavm in Table 1 and 2 below,
Exquation 9.5.3.4-2

Expontil kyg = 1+ [Ty - 05H25-0.5 = 0.332

Table 1 : Vartical Distribution of Seismic Forces (N-S}
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Exponent kys = 1+ (Tq- 0502505 1.060

Tabie 2 : Vertical Distribution of Seismic Forces (E-W)
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Load Analysis: Shear walls




Load Analysis: Shear walls




Load Analysis: Shear walls




Load Analysis: Shear walls




Load Analysis: Steel Frame




Load Analysis: Steel Frame

North Shore

VisualAnalysis 4.00.EDU Report
Company: Penn State University Engineer: Menard Billing: For Educational Purposes Only
File: C:\Documents and Settings\bam301\Desktop\thesis\steel frame analysis.vap

Nodes
Node X ¥ Fix DX Fix DY Fix RZ
ft ft

N1l 0.00 0.00 Yes Yes No
N2 18.33 0.00 ” ” "
N3 39.66 Q.00 2 ”
N4 58.00 0.00 * i "
N5 58.00 9.00 No No o
N6 39.66 9.00 " a "
N7 18.33 9.00 * & "
N8 0.00 9,00 '~ p "

Spring Elements

This item is empty. Check the selection state, or report properties.

Member Elements

Member  Section Material Length Weight Theta

o o 1b deg
M1 Wl2x96 Steel 9.00 B63.63 0.00
M2 s i 9.00 B63.63 0.00
M3 2 4 9.00 883.63 0.00
M4 i o 9.00 863.63 0.00
M5 W24x62 & 18.34 1135.81 0.00
M6 W24x76 & 21.33 1625.82 0.00
M7 W24x62 4 18.33 1135.19 0.00
Section Properties
Category Section Ax Iz Sy+ Sy-
in*2 in*4 in”®3 in*3
AISC Sha W12x96 28.20 833.00 131.00 131.16
% W24x62 18.20 1550.00 131.00 130.17
" Wwzax7e 22.40 2100.00 176.00 175.17

Material Properties

Material Strength Elasticity Poisson Density Therm.
Ksi Ksi 1b/ft*3 in/in/d

Steel -NA- 29000.00 0.30 490.00 0.00

Plate Elements

This item is empty. Check the selection state, or report properties.




Load Analysis: Steel Frame

Member Extreme Results

Member Fx(lc) Fy (lc) Mz (lc) £c max(le) £c min(lc) Dx(1lc) Dy (1lec)
K K K-ft Ksi Ksi in in
M1 -780.83( 3) -12.93( 6) -116.38( &) -27.69( 3) -34.53( 6) -0.10( 3) -0.11( 8)
" -3.28( 2) 2.89( 8) 25.98( B) 4.44( 2) =012 2) 0.00( 2) 0.43( 6)
M2 -37.79( 6) -25.09( 6) -225.82( &) -1.34( 6) =-22.00( 6) -0.00( 6) -0.12( 8)
f 2.06( 8) 10.72( 8) 96.50( 8) 19.35( 6} 0.07( 8) 0.00( 8) 0.44( 6)
M3 -21.19( 3) -17.66( 8) -158.96( 8) -0.75( 3) -14.96{ 8) -0.00( 3) -0.12( 8)
o -1.44( 2) g.72( 2) 78.47( 2) 14.14( B8) -0.05( 2) 0.00( 2) 0.46( 6)
M4 18.08( 2) -19.80( &) -178.21( &) 0.64( 2) -9.38( 2) 0.00( 2) -0.13( B)
& 764.94( 3) 12.84( 8) 115.57( B) 40.41( 6) 27131 3) 0.10( 3) 0.48( 86)
M5 -47.70( &) 18.08( 2) -245.11( 8) -2.20( &) -34.38( 6) -0.12( 8) -0.15( 6)
L -2.04( 8) 784.20( 3) 346.75( 6) 29.35( 6) -0.12( 8) 0.48( 6) 0.14( 8)
M6 -50.60( 6) 16.64( 2) -340.86( 6) -2.171( &) -25.61( 6) -0.12( 8) -0.15( 8)
£ 15.62( 8) 785.40( 3) 302.63( 8) 21.91( 8) 0.69( 8) 0.45( 6) 0.19( 6)
M7 -25.51( 6) A28 2} -35.56( 8) -1.38( &) -12.06( 8&) -0.11( 8) -0.03( 2)
! 4.90( 8) 780.83( 3) 116.38( 86) 9.33( 6) 0.16( B) 0.44( 6) 0.10{ 3}
Nodal Reactions
Node Load Case FX FY MZ
K K E-ft
N1 Dead loads 4.78B29 557.733 -NA-
L LRFD A4-1 6.6961 780.827 -NA-
% LRFD Ad-2a 5.7395 6692.280 -NA-
2l LRFD &4-3b 10.1652 671.204 -NA-
b LRFD Ad4-4a 129312 63 543 =NA-
" LEFD A4-8a 11.4963 506.223 -NA-
£ LRFD A4-6b -2.B871 497.697 ~-NA-
i LRFD Ad-6o 4.3046 501.960 -NA-
{2 Wind loads 51653210 302794 ~NA-
N2 Dead loads £.8424 17.0166 -NA-
o LRFD A4-1 9.5794 23.8232 -NA-
L LRFD A4-2a 8.2109 20.4199 -NA-
£ LRFD A4-3b 18.5990 31.1116 . -NA-
L LRFD Ad-4a 25.0915 27.7539 ~NA-
X LRFD Ad-6a 23 .0387 32.6BB9 ~NA-
i LRFD Ad-&b -10.722 -2.0591 -NA -
i LRFD Ad-6C 6.1582 15.3145 -NA-
i Wind loads 12.9850 13.3646 -NA-
N3 Dead loads 7.0304 15.1376 ~NA-
i LRFD Ad4-1 9.8425 21.1926 ~NA
o; LRFD Ad4-2a 8.4365 18.1651 -NA-
i LRFD A4-3b 1.4612 19.3147 -NA-
L LRFD A4-4a -2.8984 20.0331 -NA-
Lt LRFD Ad-6a =5.0075 15.45%19 ~NA -
& LRFD A4-6b 17.6622 11.7558 -NA-
e LRFD Ad-6c 6.2273 13.6238 -NA-
£ Wind loads -8.7191 1.4369 -NA-
N4 Dead loads 3.3143 -546.38 -NA-
. LRFD Ad4-1 4.6400 -764.94 -NA-
it LRFD A4-2a 3.9771 —-655.66 -NA-
it LRFD A4-3b 13.7147 -670.13 -NA-
" LREFD A4-4a 19.8007 -679.17 -NA-
LRFD Rd-6a 18.8064 -515.25 -NA-
it LEFD A4-6bh -12.840 -468.24 -NA~-
[~ LRFD Ad-6C 2.9828 -491.74 -NA-
" Wind loads 12.1720 -18.080 -NA-




Load Analysis: Steel Frame

Member Moments:
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Load Analysis: Story Drift




Load Analysis: Story Drift




Load Analysis: Story Drift




Load Analysis: Over-turning Moment




