EDENWALD
NEwW

Technical Report #1

Bryan Hart, Structural Option
Faculty Consultant: Ali Memari

Due: 5 October 2007




TABLE OF

CONTENTS

Original Design Loads........ccoceveeveeveceseveecee e enes

CONCIUSIONS...cvieetiicte ettt et st et

Seismic A

NAIYSIS.cuuieietieriir e st sre ettt

Wind ANalysis.....cceoieieveeceieerieee et

Shear Wa
One Way
Column S

Appendix

I ANQAIYSIS..ccicecie e s
Slab Spot Check.....cueiviveeceiecece e,

POt CHECK...cueetecteeeeeeeteie e e

10

13

15

18

20

21



EXECUTIVE SUMMARY

The purpose of this report is to provide an understanding for the methods used to design the Edenwald
New Tower, currently under construction in Baltimore, Maryland. It will also provide a summary of
loads derived from industry standards and codes. The primary code that | used in my analysis is ASCE 7-
05.

The Edenwald New Tower is a 12 story building, comprised of flat-plate, post-tensioned concrete slabs
supported by concrete columns and shear walls. A seismic analysis was conducted in accordance with
the equivalent lateral force method to determine the minimum allowable base shear. Next, a Method 2
wind analysis was performed, also to determine a base shear value. These values were then compared
to determine the controlling lateral force. In both analyses, loads were distributed along the building’s
faces according to code.

The lateral system was then analyzed based on the assumption that the concrete shear walls received
100 percent of the controlling lateral load. Shear wall number 1 was picked as the wall to analyze, and
was analyzed strictly for shear strength.

Additionally, spot checks were performed on a typical column and a one way slab. (One way slabs exists
in many locations were post-tensioning was not found feasible and/or practical.) The results of these
checks can be found in the conclusions of this report. Backup calculations can be found in the Appendix.



STRUCTURAL SYSTEM OVERVIEW

Foundation:

The geotechnical analysis of the sub-surface conditions prior to construction revealed great variances in
soil type and depth to bedrock, ranging from 50 to 150 feet deep, making deep foundations impractical.
Given two recommendations from the geotechnical engineer, it was decided by the designers to use a
geopier system as opposed to an alternative of driven HP 12x74 piles. Comprised of densified
“rammed” stone aggregate piers, geopiers are referred to as “intermediate foundation systems” in that
they strengthen, stiffen and reinforce soil layers beneath the building. The use of this option provided
the opportunity to utilize a shallow foundation system of typical spread footings. (It should be noted,
however, that pre-existing utilities only discovered upon excavation in the north end of the site required
the use of the HP piles, in that localized area only.) The geopiers were determined to require a 30 inch
diameter, and range from 20 to 30 feet in length. The allowable bearing pressure of the strengthened
soil beneath the building was then determined to be 6 ksf beneath the tower, and 4 ksf beneath the
parking garage. Total settlement expected from the geopier design amounts to one inch.

All concrete used in the Edenwald New Tower is normal weight (145 pcf dry unit weight). Footings,
grade beams and slabs on grade have a minimum 28-day strength of 3000 psi. Shear wall footings have
a minimum 28-day strength of 4000 psi. The slab on grade is reinforced with 6x6-W2.9x2.9 WWF on a
vapor barrier on 4 inches of granular subbase.

Floor System:

The typical floor system used is a 9 inch, post-tensioned concrete slab having a minimum 28-day
strength of 5000 psi. In specific locations where the post tensioned system is not feasible and/or
practical, reinforced one way slabs were used, ranging in thickness from 8 to 9 inches, with cast in place
concrete beams, both requiring a minimum 28-day strength of 5000 psi.

Roof System:

The flat roof system is almost identical to the typical floor system. Still utilizing the post-tension
reinforcement, the slab thickness reaches up to 16 inches underneath the penthouse. The penthouse is
supported by a steel braced frame and is covered by 1.5 inch deep, wide rib, 20 gage galvanized metal
deck. The pentouse roof is supported by a combination of steel W shapes and 12k3 joists. The columns
supporting the penthouse are W8x31 shapes.

Columns:

The building is supported by rectangular concrete columns laid out in a geometric grid. The columns
range in size, the most common being 22x22 and 22x36. The largest column found in the building is
22x60. Column loads range from 203 kips in the garage to 1600 kips at the base of the tower. From the
ground level to the seventh floor, the columns are required to have a minimum 28-day strength of 6000
psi. From the seventh floor to the roof, that value decreases to 5000 psi.

Lateral System:

The building is laterally supported in both the N-S and E-W directions by a total of 15 simply reinforced
concrete shear walls, with thickness ranging from 12 to 14 inches. These shear walls are required to
have a minimum 28-day strength of 5000 psi. Located throughout the building, the shear walls are often
conveniently placed around stair and elevator shafts. All but one of the 15 shear walls run the entire
height of the building.



CODES

CODES EMPLOYED FOR ORIGINAL DESIGN

“International Building Code — 2003”, International Code Council
“Minimum Design Loads for Building and Other Structures”,
(ANSI/ASCE 7-2002) American Society of Civil Engineers
“Building Code Requirements for Reinforced Concrete, ACl 3187,
American Concrete Institute

“ACl Manual of Concrete Practice — Parts 1 through 5”

“Manual of Standard Practice”, Concrete Reinforcing Steel
Institute

“Post Tensioning Manual”, Post Tensioning Institute

“Manual of Steel Construction — Allowable Stress Design”, Ninth
Edition, 1989, American Institute of Steel Construction

“Manual of Steel Construction, Volume Il Connections”, ASD 9th
Edition, American Institute of Steel Construction

“Detailing for Steel Construction”, American Institute of Steel
Construction

“Structural Welding Code ANSI/AWS D1.1”, American Welding
Society

CODES SUBSTITUTED FOR THESIS DESIGN

“Minimum Design Loads for Building and Other Structures”,
(ANSI/ASCE 7-2005) American Society of Civil Engineers



ORIGINAL DESIGN LOADS

Gravity: Superimposed Dead Loads

Iltem Design Value
Typical Floor Areas 30 psf
Typical Parking 5 psf
Parking above occupied space 35 psf
Garage Roof 35 psf

Main Roof 30 psf

Gravity: Live Loads

Iltem

Design Value

Comment (Values found in Table 4-1 of ASCE 7)

Framed Floor Areas 40 psf Code Minimum: 40 psf (residential)

Lobbies/Stairs/Exits 100 psf Code Minimum: 100 psf

Corridors above 1st Floor 100 psf Code Minimum: 100 psf

Parking Decks 50 psf Code Minimum: 40 psf

Balconies 100 psf Code Minimum: 100 psf

5th Floor Terrace/Roof 100 psf Code Minimum: 100 psf (roofs used for assembly purposes)

Gravity: Roof Live Loads

Iltem

Design Value

Comment

Roof Live Load
(snow load used when greater
than 30 psf)

30 psf

Code Minimum:

20 psf (ordinary flat roof)

(See Table 4-1 of ASCE 7

Roof Snow Load

P;=19.25 psf
C.=1.0
=11
C,=1.0

Calculated Snow Load: Pf = 19.25 psf
(See Appendix, calculated according to chapter 7 of ASCE 7)




ORIGINAL DESIGN LOADS

Lateral Loads: Seismic

Seismic Use Group: Il

Sesimic Importance Factor: le = 1.25

Mapped Spectral Response Coefficients:
SDS=0.210g
SD1=0.070g

Site Class: D

Spectral Response Coefficients:
SDS=0.224g
SDS=0.112g

Sesimic Design Category: B

Design Base Shear: V =997 kips

Seismic Response Coefficient: Cs = 0.022

Response Modification Factor: R=5.0

Analysis Procedure: Equivalent Lateral Force Procedure

Lateral Loads: Wind

Basic wind speed (3-sec gust) = 90 mph
Importance Factor: 1.15

Exposure Category: B

|Internal Pressure Coefficient: Gepi = £0.18




CONCLUSIONS

SEISMIC: Though Baltimore, Maryland is not a high risk seismic zone, seismic forces must still be
considered due to code requirements. The resulting shear force that | derived through the equivalent
lateral force method is 760 kips. This difference of 230 kips from the designed shear value of 990 kips
was most likely caused by weight calculation differences. It can be proven through a simple back
calculation that the original seismic weight estimated by the engineer was around 45,000 kips. This is
10,000 kips, or 10 million pounds, lighter than my estimate. After re-examining my estimate, | believe
this weight difference to be a result of several things. There is no evidence in the load summary
provided on the drawings that the engineer included a partition load. However, according to ASCE 07-
05 12.7.2, this must be included in the seismic weight. (Section 4.2.2 states that, where minimum
required live loads exceed 80 psf, partition loads may be disregarded. However, the live loads are not
included in the seismic weight, and as such it seemed appropriate to include the partition load in my
calculations.) This additional weight from partitions accounts for 5,000 kips alone — half of the excess.
Though | believe my column and shear wall estimates to be rather accurate, the additional weight may
have resulted from a poor estimate of the veneer.

Regardless, a larger weight would suggest a larger base shear. My base shear was lower because |
arrived at a significantly lower value for C;. While the designers found C; to be 0.022, | found it to be
0.014. ASCE 07-05 provides a number of different ways in calculating the period, and by trying some
different equations, | arrived at a C; of 0.023, which is much closer. However, | decided to use the
lowest allowable value by code for obvious reasons. As such, my shear value is much closer to the
design value than it would have been had | used the design C; value.

WIND: Using Method 2 from chapter 6 of ASCE 07-05, | examined the Edenwald New Tower’s main
wind-force resisting system. For simplification purposes, | normalized the shape of my building to a
rectangular footprint and continued the shape from first floor to roof. Because the projected area of
surface receiving wind-load does not change, this is a reasonable assumption for the sake of this report.

Because of the weight of the heavy concrete roof slab, the penthouse and mechanical equipment, uplift
forces on this building will be negligible and not necessary to consider as a part of this report. The main
forces acting on the building are windward and leeward forces, both needing to be considered
simultaneously to compute the overall base shear. Because the tower is partially blocked in the east
and west direction from the adjoining structure, the total base shear would have to be adjusted to
reflect that half the leeward pressure (or windward pressure, depending on the direction of the wind)
not be considered.

WIND VS. SEISMIC: To compare wind and seismic results, | examined the building’s base shear from
wind moving in the N-S direction because that is the direction which controls, due to the building’s
dimensions. The resulting base shear of 658 kips is lower than the seismic base shear of 770 kips (and
the design base shear of 990 kips). | believe that this result is due to the fact that building simply is not
high enough for wind to control. Additionally, the weight of this building must be considered when
compared to what it could have been had the designers chosen a steel frame. In that case, wind may
have controlled since a lower weight would have yielded a lower base shear. A possible thesis proposal
would be to design the building as a steel frame for the sake of reducing lateral forces.



SHEAR WALL ANALYSIS: The Edenwald New Tower has a total of 15 shear walls to resist lateral loads.
Because the east wing is angled 13.5 degrees clockwise, | first made the assumption that taking the
projected length of shear walls in the N-S direction would provide more accurate stiffness values in that
direction. My calculations concluded that the shear wall number 1, as designed, could resist a base
shear of 600 kips. However, according to the distribution of the base shear with respect to relative
stiffness, it only receives 173 kips in shear. The main cause of this difference is that my analysis
examined the wall in shear only and did not account for axial loading of the shear wall. The interaction
of both compression, bending and shear would merit a larger wall in which greater shear strength would
be available.

COLUMN SPOT CHECK: Using the spreadsheet found in the appendix, | calculated the effective axial
force on Column G3 at its base. | assumed that the shear wall system would carry 100 percent of the
lateral seismic load, and as such determined that the column would only need to be designed to
withstand axial forces. The force | found, 1670 kips, was significantly higher than the working load of
1225 kips listed in the column schedule. Because of the thoroughness of my calculations, and the
inclusion of all possible live load reductions, | am left with only one possible reason as for the difference
in value. Column G3 is located 12’-5” from a shear wall, and as such, it is possible the shear wall will
take more than half the tributary area between the two. | made the assumption that each element
would take half, but that may have been overly conservative. If this is the case, a more thorough
analysis will be needed to evaluate how the post-tensioning system distributes the loads to the vertical
members.

To maintain alignment with the drawings, | chose to design the column based on the listed load of 1225
kips at the base. The result was a 22x14 square inch column reinforced with (8) #10 bars. This compares
to the listed dimensions of a 22x36 square inch column reinforced with (8) #10 bars. The large cross
sectional area may be an indicator that the building was designed as a Dual System, where the shear
walls are not designed to carry the entire lateral load. In my design, | only considered axial loading
based on the above mentioned assumption. However, in this case, the columns would need to be larger
to carry the moments distributed to them.

ONE WAY SLAB SPOT CHECK: Using the method of treating the slab as a series of 1 foot wide
rectangular beams, | determined a particular slab to be 4 inches in depth and be reinforced with No. 4
bars spaced at 12 inches on center for both positive and negative reinforcement. This is compared to
the same slab designed for 9 inch thickness and No. 5 bars spaced at 12 inches on center. The need for
a thicker slab could be to maintain the same depth as the adjacent, 9 inch post-tensioned slab for ease
of constructability.

SUMMARY: It is clear from the wide range of differences between my results and those of the designers
that further research into their design methods is required, as well as more accurate analysis and design
methods. Because of the irregularity and complexity of the building’s shape, a computer model will be
necessary to properly understand the distribution of lateral loads to the building’s frame. It is my goal
to address these issues in subsequent technical reports.



SEISMIC ANALYSIS: EQUIVALENT LATERAL FORCE METHOD

In the following analysis, several assumptions were made. First, the new tower was treated as an
independent structure. In reality, it is connected to an existing tower with an expansion joint. This
assumption that the building will respond to seismic forces independently is conservative, because the
actual stiffness of the building would be influenced by the existing tower. Secondly, computing the
weight of the building (the calculations of which can be found in the appendix) required a number of
assumptions in estimating material weights. Those assumptions are clear when a detailed review of the
calculations is made.

Weight of Building = 54171 kips (see appendix)
Occupancy Category: I

Site Class: D
Ss=0.178 g
S;=0.052¢

Note: These values taken from following website:
http://earthquake.usgs.gov/research/hazmaps/design/

However, in an effort to keep results as close as possible to those of designers, | will use Ss and
S, values provided in structural drawings:

Ss=0.210 g
5,=0.070 g
F,=1.6
F.=2.4
Sws = (0.210%1.6) = 0.336 g Sps = 2/3(0.336) = 0.224 g
Swi = (0.070%2.4) = 0.168 g Sp1=2/3(.168)=0.112 g

Seismic Design Category: B

R =5 (table 12.2-1, ordinary reinforced concrete shear walls)
Importance Factor: | =1.25

Ta=C:h,*=0.016(121.4)*°=1.202 s
T=Cu*Ta=1.7(1.202) =2.04 s
T|_ =6s>T

Cs = Sps/(R/1) =0.224/(5/1.25) = 0.056
Cs = Spa/[T(R/1)] = 0.112/[2.04(5/1.25)] = 0.014 controls

V=Cs* W =0.014*54171k = 760 kips
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SEISMIC ANALYSIS: EQUIVALENT LATERAL FORCE METHOD

Vertical Distribution of Seismic Forces:
k =1.77 (interpolated from values given in section 12.8.3)

Level Wy h, wxhxk (Cos By M,
*Roof 3637 121.40 | 9808910265 0.1854 141 17108
12 3989 | 107.33 | 9286650625 | 0.1755 133 14320
11 3935 98.00 | 7717471989 | 0.1459 111 10866
10 3935 88.67 | 6465017158 | 0.1222 93 8236
9 3935 79.33 | 5308956929 | 0.1004 76 6051
8 3935 70.00 | 4254303203 | 0.0804 61 4278
7 3935 60.67 | 3302698118 | 0.0624 47 2879
6 3759 50.00 | 2163197794 | 0.0409 31 1554
5 5290 39.33 | 2588975037 0.0489 37 1463
4 4739 28.00 | 1168155227 | 0.0221 17 470
3 5396 18.67 | 717365758 | 0.0136 10 192
2 3911 9.33 | 118841574 | 0.0022 2 16
Overturning Moment (ft-k) = 67431

*Includes weight of Penthouse

11



SEISMIC LOAD DISTRIBUTION
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Figure 1: Seismic Load Distribution



WIND ANALYSIS

Below are the assumptions and main calculations for the derivation of wind loads on the Edenwald New

Tower. Please see the appendix for back up calculations. For the wind analysis, all assumptions and
results matched those of the designers provided in the above tables. Though the building is partially

blocked in the E-W direction, half of the building still receives wind forces from both directions, which is

why the diagram does not account for the blockage.

Basic Wind Speed 90 mph
Occupancy Category [}
Leeward Wall (EW)(psf) | Max (psf) Importance Factor 1.15
P=-8.06+3.8 -11.86 Exposure B
Topographic Factor (K,) 1.0
Leeward Wall (NS)(psf) | Max (psf) Wind Directionality Factor (K,) 0.85
P=-8.75+3.8 -12.55 Gust Factor (both directions) 0.83
Internal Pressure Coefficient +0.18
Windward Wall N-S Wind Force Summary
Height (ft) | Pressure (psf) | Max (psf) Windward Leeward
0-15 1155 + 338 15.35 Height Pressure Resultant | Pressure Resultant
20 1257 + 3.8 16.37 (ft) (psf) force (Ibs) | (psf) force (Ibs)
75 1338 + 38 1718 0-15 11.55 | 30848.06 12.6 33642
30 1419 + 3.8 17.99 20 12.57 | 11184.68 12.6 11214
40 1540 + 3.8 19.20 25 13.38 | 11906.27 12.6 11214
50 1642 + 3.8 20.22 30 14.19 25255.72 12.6 22428
60 1723 + 3.8 21.03 40 15.40 | 27420.50 126 22428
70 1804 + 3.8 21.84 50 16.42 29224.48 12.6 22428
80 18.85 + 3.8 22.65 60 17.23 30667.66 12.6 22428
90 19.46 + 3.8 23.26 70 18.04 | 32110.85 12.6 22428
100 20.07 + 3.8 23.87 80 18.85 33554.03 12.6 22428
90 19.46 34636.42 12.6 22428
120 21.08 + 3.8 24.88
100 20.07 35718.81 12.6 22428
140 22.09 + 38| 2589 120 21.08 | 75045.57 12.6 | 44856
Total Kips: 377.57 Total Kips: 280.35
Resultant Total Base Shear: V = 657.92 Kips
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WIND ANALYSIS
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Figure : Longitudinal Section with East-West Wind Loads (psf)
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SHEAR WALL ANALYSIS
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SHEAR WALL ANALYSIS
é._:?f?g'\" clecle: Sheoc valls !  HMeot

5%{.»1-' Fnd (Relatie stitdnesses ot shear LI<|ls re._-{'srﬁa-a M= fodared g'.p._.J

= l;J‘H ERprrm e Einea.r Mﬂr == A =5 Dieotio

= For Shear vall indlignce sF anqled Enzf ~ing ., Fake (e ofed
lemph o sheer - - R

_,_-;1"“& SJ'nw lf"l-u"

Ex H

g i i
Le,.#f of " M
&l aicoff S

B AS;.J.-{Q';-‘:?.-S :
‘9}{1“%”& Al &, F, TR-E pill nek Save Signitieand

.'n-PL.-{.n:_J.. Ia .u,sn-v‘f\'nb =5 lateml| (cads (‘.pec- Shege Loall IA-3-vu"3

Fiod Raiczizx)fml#n ot chear L/a”s Lo Y qﬂ-la-ﬁ qp

S iﬁeﬂgﬂ.l A= -z/g_l-.ler o o L 9:a
Prﬂ"bca-lr:) !4*-3"{-, Jf’ -‘-zé.‘i&lwiflﬁ-".ﬁ -ff: =g 'L:""'S(J‘s's' )
sopprer A4
Qpi A= 1 :
.Er, 2 e (35 )
~ -7

b el sl wesishaag M5 letere! ‘l',,._aj

Mo{l—"_ﬂss"‘"" c__g,_.‘.!..'fﬁ.--!f b&!«cﬂ-u:e(

- Lis# Pr\#’{?)lt"!":‘-' s

wall 41 A=21, T » 2ol
u “Asso—e base 5!1:.-.:' - i-n-J a¥
£ 1z e Bal
A=miza. 2" g
Lol |
Ilrl.‘!f[ulva e 1 S ﬁq‘?ﬁ
{o=Hqooops: . D—;, .
Eoe%b e r'-' B i AW -c.“ I..-ul’-”) ='Ti799¢’“3

Ev~ 184 ,m"r{,.-

W |.|q.“'—,-'5": 145k E;quﬂ—:-a.g Aed
Acis+ 0582 1537 A &L
= 0. = “’ir_.;

I =

€. = 5TeR Ife
E‘, = g B

v U2 Lz v
R —
2 '55”.1_-—+ B, A
-y



SHEAR WALL ANALYSIS
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ONE WAY SLAB SPOT CHECK
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ONE WAY SLAB SPOT CHECK
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COLUMN SPOT CHECK
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APPENDIX

Root Live Load Reduction Factor = LyR;R,
R, = 1.2 - 0.001A,

Rpy=1

K. =4 (Table 4-2 ASCE-7)

Factored Load =

1.2D +1.6L

Computation of Building Weight
Partition Superimposed |Area Sub-Total Column Shear Wall |Beam Veneer
Floor|Slab (psf) |Load (psf)* |Dead (psf) (fE)**  [Resultant (k) Weight (k) |Weight (k) |Weight (k) |Weight (k) |Total (k)
1 62.5 15 17.5] 27825 2643 354 300 268 196 3761
2 113 15 30| 17042 2693 354 400 268 196 3911
3 113 15 20| 28232 4178 354 400 268 196 5396
4 113 15 5| 26191 3483 354 400 268 234 4739
5 113 15 32.5] 26191 4204 203 400 268 215 5290
6 113 15 30| 16919 2673 203 400 268 215 3759
7 113 15 30| 18201 2876 203 400 268 188 3935
8 113 15 30| 18201 2876 203 400 268 188 3935
9 113 15 30| 18201 2876 203 400 268 188 3935
10 113 15 30| 18201 2876 203 400 268 188 3935
11 113 15 30f 18201 2876 203 400 268 188 3935
12 113 15 30| 18201 2876 203 400 268 242 3989
Roof 150 0 30| 18201 3276 0 0 268 0 3544
Penthouse 93
***BAC Cooling Tower (on roof) 8.7
***Dectron Energy Recovery Unit (on roof 5.6
Total Building Weight] 54171
* No design partition load was listed, so assumed 15 psf conservatively In accordance with ASCE 7-05 12.7.2
** Floor area expanded to cover roof of garage at level 5
*** Values taken from manufacturer's websites
Note: Verification of values used in this table can be found in Dead Load calculations in Appendix
Calculation of Axial Force on Column G3
Trib  [Dead |Superimposed Live Load |Reduced Total
Area |Load |Dead Load Total Dead [Type of Live Partial Live [Total Live [Reduction [Live Load |Factored |Factored
Floor (ftz) (psf)  [(psf) Load (psf) |Load Load (psf) [Load (psf) |Factor (psf) Load (psf) |Load (kips)
1 568 113 30 143|[Public Space 100 100 0.56 56.47 261.95 148.79
2 0 0 0 O] Atrium (empty) 0 0 0.00 0.00 0.00 0.00
3 568 113 35 148|Parking 50 50 0.00 50.00 257.60 146.32
4 568 113 5 118|Parking 50 50 0.00 50.00 221.60 125.87
Dwelling (60%) 40
5 568 113 30 143|Corridor (40%) 100 64 0.56 36.14 229.42 130.31
Dwelling (60%) 40
6 568 113 30 143|Corridor (40%) 100 64 0.56 36.14 229.42 130.31
Dwelling (87%) 40
7 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Dwelling (87%) 40
8 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Dwelling (87%) 40
9 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Dwelling (87%) 40
10 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Dwelling (87%) 40
11 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Dwelling (87%) 40
12 568 113 30 143|Corridor (13%) 100 47.8 0.56 26.99 214.79 122.00
Roof] 568 113 30 143|Roof 100 100 0.63 63.20 272.72 154.90
Self Weight Estimate 100
Typical Live Load Reduction Factor = L, (0.25 + i) = 0.4L Total Load, P, 1668.50
v Bnar

21
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