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Executive Summary

The University of Pittsburgh 1s currently constructing a dormitory facility on its
upper campus. The Upper Campus Housing Project 1s a 16 1,600ft?, 9-story bullding.
This bullding will hold approximately 500 students. Located in the city of Pittsburgh,
this 1 02ft structure will be located near the Peterson Events Center. The buillding
construction began in May of this year and 1s expected to be completed in July of
2006. The floor system 1s composed of & precast hollow-core concrete planks with a
2 V2" topping. The lateral system consists of concrete masonry bearing and shear walls
of varying thicknesses.

The following report examines the lateral system for the Upper Campus Housing
Project. By examination of the load cases, it 15 clear the seismic loading will control the
design of the shear walls. The load case |.2D+ | .0OE4+0.5L+0.25 was used. A full
distribution of lateral loads was completed based on stiffness. Due to the location of an
expansion joint (along line 3) the bullding can be broken into two halves and analyzed
separately. After analysis of the shear on each wall a spot check was performed to
compare the design provided by the structural engineer (Atlantic Engineering Services).
Drift and overturning were also considered and analyzed. The drift the right side of the
bullding was computed to be less than 0.36”, which 15 the allowable value of drift
(H/400). Overturning proved not to be an 1ssue because the weight of the building

causes a resisting moment that 1s larger than that cavsed by overturning.
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Introduction

The Upper Campus Housing Project 1s currently under construction on the
University of Pittsburgh campus. This building 15 a nine-story dormitory with an
approximate total height of 102ft. The dormitory will be approxmately |16 1,600ft* and
will house approximately 500 students. The Upper Campus Housing Project 1s located
on Stadium Drive in Pittsburgh, PA. Construction for this project began in May of 2005
and 1s expected to be completed by July of 2006.

The Upper Campus Housing Project can be broken into two separate buildings
along the expansion joint along Line 3 shown in the framing plan on the next page. The
floor system consists of 8" precast hollow-core concrete plank floors with a 2 V2~
topping. The lateral system for this building 1s reinforced masonry bearing and shear
walls of varying thicknesses. A typical framing layout for the building 15 shown on the
next page.

This report will examine the lateral system of the Upper Campus Housing Project.
An Excel spreadsheet was used to manually calculate wall stiffnesses and distribute
lateral loads to all walls appropriately based on stiffness. This procedure 1s described in
the PCI Design Handbook in Chapter 3. Also located in the spreadsheet 1s the torsional
distribution of loads. From the spreadsheet each wall can be checked and compared to
the design given by Atlantic Engineering Services. These checks will be done by hand

and also with another excel sheet.
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Load Cases
e |.4D
o |.2D+1.6L+0.5(lr or S or R)

o |.2D+1.6(Lr or S or R)+(0.5L or 0.8W)
e |.2D+1.6W+0.5L+0.5(Lr or S or R)

e |.2D+1.0E4+0.5L+0.25

0.9D+(1.6W+ |.0E)

From examination of load cases, |.2D+ | .OE+0O.5L+0.25 will control due to the

large seismic loads and dead loads. From examination of this load case, it 15 concluded

that 1t 15 highly unlikely for the building to experience full live loading while under seismic

stresses. Therefore, the seismic loads will be used with a | .0 factor in the calculation

of loads on the lateral elements.
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A complete analysis of wind and seismic loads 1s located in Appendix A. | -A.2.

These calculations were also done in Technical Report #1 .

Distribution of Loads to Lateral Resisting Elements

An excel spreadsheet was developed in accordance with the procedure

described in the PCI Design Handbook (Ch.3) to distribute loads to lateral elements

based on stiffness. The total shear in each wall 15 calculated as direct shear plus

torsional shear.

In some cases the direct and torsional shears will be additive, in other

cases they will not. Below are some of the formulas used to calculate the forces on

each wall:

Flgree: = (kI/Zk1)P
Fleccentne= (k" d)/Z(ki*di)*)M
M=Pe
K=Et/(4(h/L)°+3(WL))

Because concrete 15 a rigid diaphragm this procedure can be vsed to analyze this

building.  Another important thing to note 1s that the openings in shear walls was

considered. Each wall was broken into sections without openings and stiffness was

calculated. Then, for each wall a sum of each part was taken to be the stiffness of the

total wall. Below 1s an example of some of the first floor output. The complete

spreadsheet 15 located in Appendix B. There 1s also a link on my webpage to view the

file.

East/West Stiffness (Left)

Wall

First

=

1675.40

J0226.74

JO021.78

945 b3

B71.13

1519.66

H344.48

33916.16

4518.13

= e == oy B e e B I = o T ==

35595.44

wn
=
3

152737 B

North/South Stiffness (Left)

Wall

First

=

530512

5004.95

10602.58

10602.55

457546

192654.00

BEE5.00

27617

nimR D mo|I=:|=|r

8182 .65
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Direct Shear East/West (Left)

Direct Shear North/South (Left)

Wall First Wall First
A £.39 K FE.31
B 147 71 L EG G
C 183 BR M 118 97
D 3.67 N 118.97
i égg 0 5471
- P 21616
G G005 Q 409
H 17540 R 3 .1|:I
| 17.93 S 91' -
J 197 47 :
Torsional Shear First Floor (Left)
Floor Wall k X kx? kx/skxd Torsional Shear
A 1675.40 2077 722429 48 0.000088 0.118885
B 30296 74 2493 18789527 .49 0.001908 2574835
C 3002178 26.27 20710997 .51 0.001995 2694105
D 945 B8 0.a0 775 .49 0.000002 0.002932
E B71.13 210 2946.45 0.000004 0.004805
F 1519.66 9.3 129595 07 0.000036 0.047947
G 5344.45 180 33900.55 0.000045 006081 1
H 33916.15 413 579821 58 0.000355 0.479123
[ 4518.13 26.57 3189091.93 0.000304 0.410118
First J 39995 44 29,23 34097352.42 0.002952 3984903
K 5809.12 BE.45 44193259.38 0.001293 1745965
L 5004.95 70.51 25097361.80 0.000897 1.210904
M 10602 58 B0.31 3556990 4.69 0.001619 2164903
N 10B02 88 4731 23734955 11 0.001270 1713985
0 457546 £1.45 12922454.56 0.000B35 0857554
P 19264 00 59,52 E8244795 53 0.002902 3917453
Q BEA3.00 73.52 36122678.00 0.001244 1678693
R 27617 B2.52 158059504 0.000058 0077883
s 518265 B9.55 BE058450.67 0.001861 2511927

The values for torsional shear for this side of the bullding are very low because

the center of rigidity 15 only |ft away from the center of mass in each direction.

The following page displays a typical floor plan with the shear in each wall

calculated at the first floor level.
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Overturning

Mo=26K(l 14.564°) + 152.2K(109.17°) + 105.72K(9&6.67°) + | 10.1K(&9.34")
+ 97.8626K(80") + 85.67K(70.67°) + 73.63K(61.34") + 61.69K(52’)
+ 49.93K42.67°) + 38.45K(33.34°) + 26.45K(24°) +
7.58K(12.67") = 65622.5 ft-K

Calculation of total dead load of structure:
Masonry wall = | 20plf(1 250ft) = | 50K
&” plank = 56pst + 31 psf + | Opsf (misc) = 97pst
127 plank = 1ft(150pcf) + |0pst = | 60pst
Ground Floor = [16322sf(47/12)(150pcf)l/1 000 + 150K = 966. K
First = [159866sf(97pIf))/1 000 + 50K = 701K
Second 2 Eighth = [16340sf(97plf)/1 000] + 150K = 735K
Ninth = [13892sf(97plf)/ | O0O0] + 50K = 498K
Roof = [6946sf(97plf) + 6946sf(1 60pIf)]/1 000 + 150K = 935K
Penthouse = [1020sf(160plf)])/ 1000 = 313.2K

Total Bullding Weight = 1565586.3K
Resisting Moment of Dead Load = 16558.3K(102ft) = 1592946.6ft-K

Dead Load (1692946.6ft-K) >> Overturning Moment (65622.5ft-K) therefore,
overturning 15 not an 1ssue.

Drift

A = (Ph%3EN+(2.78Ph/AE) = (h¥/31) + (Bh/A) = V/Zk
E = 33(150pch) *(5000ps1)*=4286.8ksi

Story Dnift Check:

Avorsonn = (296000Ib( 1 21t)°) + (2.78(296000Ib)( | 2ft) = 0.078”
3(4286800ps)( 157 1in*) [ 2iIn(705.6n)(4286800psI)
ANorth/South = I 44” 2 + 3( , 44”2 = O ' 4"

3(1571in% 1 27(705.67)
Ajorsonn = VIZk = 801.2K/64966.9 = 0. 127
Aallowab\c = H/4OO = (l 2ft* | 2m/ft)/4OO = 0.36” %
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Shear Wall Check
Wall shown on page 7 in pink circle

Loads on Wall:

Pu = (1.2[(10.57/12)(1 50pcf)(27°)(58.8°)+ | 20psf(12°)(58.8")]+
|.6[27°(67pst+40psf)(58.5°))2 = 561 1K

Mu = 3560.4ft-K M
— M
Vu = 296.7K K/ﬁ

—v > Vi

S= (1/6)(12”)(705.6”)? = 995742.72in°
A= 127(705.67) = 8467.2in°

F. = (M/S)-(P/A) = [(B560.4ft-K* | 2in/ft)/995742.721n°1-[56 | | K/8467.21n°]
= -619.5ps

***Therefore, wall 1s In compression and wall 1s OK

Note: The following page displays the design for remforcement of this wall.
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Conclusion

The Upper Campus Housing Project lateral system 1s composed of concrete
masonry bearing and shear walls of varying thicknesses. Seismic lateral loads control
the design of the lateral system for this structure. The load case
[.2D+ 1 .OE+0.5L+0.25 controls. Lateral loads were distributed throughout the
bullding to all shear walls based on stiffness. As noted earlier, an excel spreadsheet
was used to complete these calculations and can be viewed in the appendix of this
report and in full on my webpage. One skewed wall was encountered and the stiffness
was calculated as follows: kx=kcos?0, ky=ksin’0. Because this bullding 1s composed of
concrete masonry shear walls 1t 15 considered a rigid structure and this approach 15
valid.

Overturning was checked and it was determined that the weight of the structure
causes a resisting moment greater than that cavsed by overturning. Drnift 1s also a
factor that can control a lateral design. Story drnift was checked at the first floor where
the loads are the greatest and was determined to be less than 0.36". From this it was
determined that the dnft for the entire building will not be an 1ssue because as the
floors go up, the loads get smaller and therefore, the first floor 1s the worst case. A
lateral check on a shear wall was also completed. This check proved that the current
design of the wall and reinforcement are sufficient to carry lateral loads.

Another 1ssue not mentioned thus far 1s the foundations. Lateral loads cause
foundation systems to experience tension on one side and compression on the other.
Overturning 1s a factor here. As mentioned above, because the resisting moment 15
much larger than the overturning moment this i1s not a concern. However, when
designing the foundations all loads from walls (gravity and lateral) must be considered

and vsed.
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Micole Hazy
Faculty Conzultant: Dr. Hanagan
Structural

Tech Report 1

Appendix A. |

Project Hame: PITT

Main Wind Force Resisting System per ASCE7-02

Amn‘pi-iuns:

FAEOR ALL "R

[**C alcuating Wind in Diredion:

WIS |t Half of Buiding

_Ellilﬂillg Name Upper Campus Housing Project
Building Location Pittsburgh, P&

Location Data Variable | Reference ChartlFig. Value
|occupancy Tyve - 151 T14 [
|Irnpn:urtan-::e Fador G55 TEA 1.5

=uface Roughress - ESE2 - -
[Eposure Factor - ESE3 - B
CpEn
[Endo=sure Classification®** - - P artially
X Endozad
|irtemal Presswe Coeficiert Gy - - 0148
T opogrsphic Kz 6572 FE-4* 1.00
*Har=(1+h k3T
**Place an "X"in the hox indc:ating Endozure Classification

IB uilding Dimensions (ft) Variable | Reference | Source Value
|H eigght Lhove Dase hiry 9553 S 10215
IH eight Alove Ground z .20 Spec 10215
|H ofz. Length || to'wWind Dir. L 6.300 Spes 54 33
IH ofiz. Length Perp. to Wind B 6.3 Spes 164 33
IH arizontal Dimension Fatio LB FEL =R 0.249
|r-.-1 ean Roof Height h E.200 * 10099
| *Average of roof eave height and heigt‘t of highest point of oot
|"Mm:l Velocity (mph) Variable | Reference ChartlFig. Value
|EIa5in::Wind =peed Wi 6.5.4 FE.1 a0
hving Directionality ka ES544 TE-4 0.85
S-zec Gust Pover Lawy s 6,300 TE-2 7.0
IMeaniind Speed Factor: o hat a E552 TE-2 0.25

ind Coefficent. b ha b 552 TE-2 045
[rin Height Zmin 552 TE-2 30
|E|::|ui\-'ala'rt Height. z hat z 552 TE-2 G0.594
|m1 ean Houdy'Wind Speed Wz 552 EqB-14 6915
H eight am Bourdary I 5 .300 TE-2 1200
“elocty Presaure Exp * kz ESEER TE-3** 1.04

Project#: Techi
Calculated By: MLH
Date: 5 0Cct05
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“elocity Pressure Exp * | k| B5EB TE-3# 1.04
*Calculated for (15'=z=2,), or us= Tahle 6-3
*koand ky Use "K' Sheet to find walue coordinsting to laroest "2
|Irteg'ﬂ Length Scale Variable | Reference | ChartFig Vale
Integral Length Scale F actor ! B.5.6.1 TE-2 =0
Irtegral Lencth Scale Exp 3 E.581 TE-2 0.33
Irtegral Lencgth Scale, Turb, L: 6.5.8.1 Eq6-7 391.06
Turhulencs Intensity Facor C 5.3 TB-2 0.30
Irtensity of Turulence Iz 6581 EgB-5 027
[Fundamental Period Variable | Reference | ChartFig Value
Fetiod Coeficient C 95352 T95532 0.0z
Feriod Exponent * 9532 T9.553.2 075
Sppro. Fund. Period Ta 9532 | T=Cihal 0.64
Matural Frecuency ny E582 ni=1Ta 1.56
Friciicd o Flexible - 5582 ng=17 Frigyicd
[Resonance Variable | Reference | ChartFig Vale n
F: , Coefficient Fn ES552 EgqB13 0.091 10455
R Coefficient Fin 6552 EqB13 0.051 19.082
R Coefficient R E552 Eq 13 n.os2 15529
R educed F reguency Iy E582 EqB13 &.801
Fezonance Coefficent Fn ESE2 EgB13 0035
Damping Ratio i 6.300 Sectong 0.0s0
Fezonart Responss Facor R 5582 Eg E&10 0.043
Gust Effect Factor Variable | Reference | ChartFig Vale
Gust Coefficient Oqg E582 EgB-8 34
st Coeficient Oy 6552 EqB-5 34
st Coeflicient oy E582 EgE-0 429
Back ground Responze ] E.581 EgB-& 0.1
Uzt Factor e 6582 Eg6-5 055
Wind Pressire Variable | Reference | ChartFig Vale
elocity Pressure [ 5.5.10 Eg 615 21.080
elocity Pressure (@ h ih E5122 TE-3* 21.080
*or= 0 D0256kek 2k ol

E»t. Pressure Coefficent Wariahle Reference | ChatiFig. Walue

incleard Side Cp E5112 FE-&* s
Leeward Side Cp 65112 FE-G* -0
Siclewll Cp 65112 FE-5* -0y

*Farmulaz must be checked with any newy code changes

[Leeward Pressure (psf) Py 65122 |Fea3i, | 893 |
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[Final Pressure (psf) | P =03 34
Aft) d,16-0) ik Facewat(PST) [ Feeward PET) [Furawana([5T)] F owmlf2=T)
015 057 11.554 -6.574 -3.959 7.G56 16816
20 052 12867 7477 -5.959 8.546 17.505
25 0BG 13.373 -7 .9e0 -3.959 9097 18056
30 0.0 141839 -5.442 -5.959 a.645 18.607
40 0.76 15 405 -9.166 -3.959 10475 19.434
a0 0.5 16415 -89.7E3 -3.959 11.164 20124
210 085 1724 -10.251 -3.959 11.716 20675
7a 0.3 18.040 1073 -3.959 12267 2 226
aa 0493 18.851 11246 -3.959 12818 2777
a0 0.9 19.450 -11.578 -3.359 13.232 22191
100 0.9 20087 -11.840 -3.959 13.645 22604
120 1.4 21.0a80 -12.543 -3.959 14.335 23.294
140 - - - - - -
160 - - - - - -
180 - - - - - -
200 - - - - - -
225 - - - - - -
300 - - - - - -
350 - - - - - -
400 - - - - - -
450 - - - - - -
s00 - - - - - -
L oand ky Use "Wz" Sheet to copy and pagde values
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Appendix A.2

Seismic talcs ‘ pev ASCET-0Z
Sasmic Use 6voup T Table 9.1.3
Site clossiEcatton D Q.4.1.2.1 -
Ss= 0.121 Fig.9.4.1,10
Si= 0.054 Fi% q.4.1.\b
= U Tol 4.4.1.29
= z.4 Tb) A4\.2b

Srs= Fass= 1.u(0.121)= 0.203
SP = Ry S1= 2.4{0.084)= 0.129

SDS‘:?/&%Sms:F’% 0.203= 0.35
Sov= (#3)Spr= (*/2)0.129= 0.08L

Sosmic DtS'\SY\ QQ’tthY\’ - A

Wyoot = RHOUSE - LW KOO = 313.2K +1835K= 22u8.2K 11| ()

W Rloov= &Ywnd + Rt & AR Roov) + Nintn.
= QUK A 101K+ A(IN36K ) MIBK= 103100K
W = 2248 +10310.1 = 18556.8K ., ¢

R=3 Tbl 956.2.2
= Jel? Th) 4.4

T= e hn®= 0.02(l00pH)° ™= 032 TH9.5.5.23.2
(s= Sps = 0.13% = 0.0456

p‘/I 3/|
0emaXx= Spi = = 0.046

~ T(RA) 0.u3u(34)
gmin= 0.044TSps = 0.044(1.0)0.135)= 0.00\

\N=Cs\W = 0.045(185R8 K- ==__‘ Q'S.ﬁ.llﬂ

= |+ 0.9272-065= |.0M
7

Page 16



Appendix B. | (Left)

Floor Height Story Forces
Roof 59,14 2k
Ninth 88.64 178.16
Eighth 7H.31 283.85
Seventh (9.95 393.595
Sixth RO .BS 491 .51
Fifth 51.32 577 .45
Fourth 41.95 B51.11
Third 3266 7128
Second 23.33 /B2.73
First 12 80115

Direct Shear

Wall First Second Third Fourth Fifth
A 5.39 5.03 5.21 4.56 3.96
B 147 71 14062 128.21 11564 101.683
C 183 Bh 174.84 171.63 16052 144.38
D 367 3.49 3.00 263 228
E 287 2.45 210 1.584 1.60
F 5.32 B.02 525 4.64 4.04
G E0.0R 57 18 5674 5334 48 05
H 17540 166.95 154 .47 14025 123.94
| 17.93 1707 1473 1296 1126
J 197 47 187.99 171.47 154 B3 136.15
Sixth Seventh Eighth Ninth Roof
3.33 264 1.89 1.18 017
86.35 B8.97 49 B0 31.09 453
123.96 89952 7218 45 41 B.64

182 1.63 1.09 0 B3 0.10
1.34 1.07 0.76 048 0.07
3.40 2.7 1.94 121 0.18
41.30 33.29 2408 15.16 222
105,31 o84.24 B0.G3 38.02 555
947 /.53 5.34 337 0.49
115.43 g2.20 bb.30 41.55 b.06
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Wall First Second Third Fourth Fifth
K FR.31 48 39 42 45 36.88 3176
L 56.16 43 48 37.29 3250 2805
M 11897 118.24 110.80 101.02 89 .41
N 11897 118.24 110.80 101.02 89 .41
0 5471 42 05 35.99 31.34 2703
p 216 16 24970 251.05 238 34 2B.12
] 7499 jalafaYa] 4831 4204 3626
R 3.10 1.64 1249 1.08 0.91
S 91.82 g292 7483 GE.82 A3 54
Sinth Seventh Eighth Ninth Roof
2b.56 21.03 1503 937 1.36
23.48 18.60 13.30 g.30 1.21
7hB.02 60.52 4378 274k 4.00
702 B0.52 4378 27 .46 4.00
2262 17.92 1281 7849 1.16
186,59 16082 109.34 B5.93 10.09
30,35 24.03 17 .18 10.72 1.56
0746 0.69 0.42 026 0.04
45 42 39.36 2825 17 .67 287
Torsional Shear
Floor Wall k X kx® kxEkx® Torsional Shear
A 167540 2077 722429 48 [1.000088 1.1188F5
B G026 74 2493 18789527 49 1.001305 2674835
C 20021 78 2R 20710997 &1 1.001995 2 R34105
1] 943 R3 0an 776 49 1.000002 00025832
E 57113 210 2946 45 1.000004 1.004805
F 1619 6R 923 129596 07 1.000036 0047847
G 344 48 180 33900.85 1.000045 1.050811
H 3391616 413 579823 68 1.000355 0479123
I 451813 2hA7 3189091 93 1.000304 0410118
First J 29395 44 2823 34097352 42 1.002952 3984803
K 5909 12 ok.48 44193289 38 0001293 1745965
L a004 .85 70.81 2E0973R1.80 1.000897 1.210904
M 10602 38 F0.31 3BAF59904 F9 0001619 2184803
N 10602 38 A7 31 23734955 11 0001270 1.7139%65
0 4875 46 51.48 12922484 86 1.000R35 1857504
P 189264 00 5852 GE244795 53 0.002902 37453
] GREAS.00 7352 3F122678.09 0001244 1.E7/BE93
R 27617 02a2 1880595 04 1.000055 1077863
S 318265 £9.85 GEOSB450.87 0.001361 2511927
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A 254.22 20,77 109617 35 0.000056 0.071547614
B 5378.56 24.93 3654224.40 0.001546 1986492451
C 7309.15 26.27 5042329.25 0.002025 2 601973567
D 146.05 090 11955 0.000001 0.00179097 4
E 102.33 2.10 44924 0.000002 0.0029055953
F 25161 923 21457.22 0.000025 0.0314592304
G 2390.24 1.90 B571.56 0.000048 0.061705402
H £380.48 413 11933679 0.000304 0.391185369
[ 713.47 26.57 5035599 95 0.000200 0.256912706
Second J 7858.76 29.23 67 16629.45 0.002423 3.113914033
K 1200.26 85.48 B37E543.31 0.001095 1. 405845695
L 1046.14 70.81 5245892.09 0.000781 1.004058849
M 2544.99 G0.31 1034917 4.71 0.001810 2325666289
N 2844.99 47 .31 £358523.39 0.001420 1.824358484
0 1011.82 51.48 2681842.74 0.000549 0.705027 864
P G007.53 5952 2128337 0.66 0.003771 4 54655115
Q 1360.97 73.52 73I86277.40 0.001055 1.35614977
R 39.47 §2.52 268769 91 0.000034 0.044144475
S 1995.08 83.85 16106247 77 0.0018391 2429579596
A 9451 20,77 40795.50 0.000048 0.058123625
B 2329.50 24.93 1448126.77 0.00143 1.718394551
C 3118.57 25.27 2151393.91 0.002018 2423350403
D 54 50 050 44 51 0.000001 0.001458745
E 38.11 2.10 167 .30 0.000002 0.002362227
F 9535 923 B131.56 0.000022 0.026051305
G 1031.03 1.90 3740.47 0.000048 0.058100148
H 280659 413 47982.58 0.000286 0.343334616
[ 267 52 25.57 1885900 50 0.000175 0210357316
Third J 311564 2923 JBE2835.32 0.002244 2 E947851
K 479.43 86.48 358558791 0.001021 1.226654652
L 421.08 70.81 2111511.87 0.000735 0.882181494
M 1251.21 G0.31 4551493.93 0.001859 2232647944
N 1251.21 47 .31 2800875.58 0.001458 1.751419451
0 40B.40 51.48 1077169.91 0.000515 0.519009545
p 2535.04 5352 10043444.42 0.004157 4932288459
Q 545.54 73.52 294872612 0.000988 1.18661161
R 14 52 §2.52 98546.52 0.000030 0.035439018
S 845.07 83.85 £822272.97 0.001871 2246417 459
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A 4491 2077 19364.77 0.000045 0.043531919
B 1137.69 2493 70721208 0.001373 1 508E0137
C 1580.24 26.27 1090152.85 0.002010 2.204530258
D 2580 090 21.20 0.000001 0.001244455
E 18.09 210 79.43 0.000002 0.002013524
F 4551 323 3883.90 0.000020 0.022373108
G 524.77 190 1903.81 0.000048 0.053099349
H 1379.81 413 23588.97 0.000276 0.303022779
I 127 4R 2657 B99E5.19 0.000154 0.179B858682
Fourth J 15621.32 29.23 1300222.87 0.002153 2382272637
K 234.88 865.48 17 56647.34 0.000983 1.078894328
L 207.03 70.81 1035139.69 0.0007 10 0.778668493
M B43.47 B0.31 23407 42.34 0.001879 2.051352581
N F43.47 47,31 1440434.32 0.001474 1617045372
0 199.61 51.48 529064 52 0.000498 0.545826035
P 1518.14 59.52 5378188.75 0.004375 4799383151
Q 267.81 73.52 1447539.44 0.000953 1.045771867
R B.56 g2.52 ABERS.E7 0.000027 0.030049437
s 42508 89.85 3439732.14 0.001854 2.033379259
A 2471 2077 10654.28 0.000043 0.042262614
B £35.43 24.93 394994 06 0.001341 1.30496427 5
C 500.91 6.7 G21508.49 0.002003 1.849104362
D 14 26 090 11.67 0.000001 0.001062397
E 9.96 210 43.71 0.000002 0.001718214
F 25.20 923 2145.74 0.000020 0.019165941
G 293.83 180 1087.76 0.000048 0.047 041097
H 773.38 413 13221.62 0.000271 0.263396738
I 70.25 26.57 49532.03 0.000158 0153723597
Fifth J 549.55 29.23 72607955 0.002103 2045766012
K 131.40 86.48 982679.98 0.000362 0.9359758320
L 116.03 70.51 58184373 0.000596 0.676803383
M 363.86 G0.31 1345416.63 0.001883 1.837 446991
N 369.56 47 31 827935 76 0.001451 1.441400749
0 111.81 51.48 296362.02 0.000457 0474162737
P 894.01 59.52 3167131.59 0.004505 4.383034075
Q 149.99 7352 §10710.93 0.000234 0.908305473
R 3.76 §2.52 2662004 0.000026 0.025573601
S 242,14 B985 1954331 98 0.001842 1792101308
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A 1501 20,77 B471.56 0.000042 0.035155369
B 389.40 24.93 24205916 0.001322 1.095165952
C 559.01 26.27 385643 91 0.001999 1 E56245086
D B.66 0.90 7.09 0.000001 0.000884012
E E.05 2.10 26.55 0.000002 0.001429355
F 1534 9.23 1308.20 0.000019 0.015979796
G 186.27 1.90 67579 0.000048 0040022252
H 474.94 413 8119.39 0.000267 0.221513137
[ 4271 26.57 30146.45 0.000154 0.1279979
Sixth J 520,55 29.23 444897 03 0.002072 1.715648784
K B0.59 B6.48 602744 50 0.000949 0.786207842
L 71.25 70.81 357285 64 0.000687 0.569 143908
M 230.63 £0.31 53994473 0.001824 1.569067 916
N 230.63 7.3 51626562 0.001485 1.230868526
0 3 .54 51.48 181924 25 0.000481 0.338607 837
P 5BB.10 53,52 2005455.05 0.004587 3.800773898
Q 92 06 73.52 497624 70 0.000921 0.763516096
R 2.28 B2.52 15538.85 0.000025 0.021241316
S 149,94 89.85 1210482.37 0.001834 1519714314
A 9,79 20.77 4219.71 0.000042 0.027734757
B 255.34 24.93 15872419 0.001309 0.868881756
C 369.53 28.27 254525 39 0.001395 1.324E7897 2
D 5.65 050 452 0.000001 0.000697551
E 3.94 2.10 17.31 0.000002 0.00112769
E 10.02 923 85424 0.000019 0.012625205
G 123.23 1.90 447 06 0.000048 0.032034421
H 311.84 413 5331.19 0.000265 0.175978467
[ 27 87 2B.57 19668.84 0.000152 0.10104258
Seventh J 341.31 29.23 291703.03 0.002052 1.361827 283
K 52.88 B6.43 39545571 0.000240 0.624 109862
L 4678 70.81 234580 52 0.000881 0.45212407 2
M 152,94 £0.31 556340 34 0.001897 1.268948865
N 152.94 47 31 342357 93 0.001488 0.987593028
0 4508 51.48 119419 83 0.000477 0.316585383
P 379.26 59.52 1343583.15 0.004641 3.0809365896
Q 60.43 73.52 326642 53 0.000914 0.606384591
R 1.49 52.52 10122.45 0.000025 0.016742003
S 93 .98 B83.85 79907128 0.001829 1.213802866
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A B.73 2077 2901.96 0.000041 0.019776064
B 176.27 24.93 109572 89 0.001300 0.621910089
C 256.51 26.27 176958 21 0.001993 0.953389294
D 3.89 0.90 3.18 0.000001 0.000497 449
E 2.71 2.10 11.91 0.000002 0.000804112
F 5.90 9.23 588.05 0.000019 0.009011136
G B85.58 1.90 31048 0.000048 0.023067 145
H 215.47 413 368363 0.000264 0126071791
[ 19.17 26.57 13532.17 0.000151 0.072077554

Eighth J 23560 29,23 201359 36 0.002038 0.574E75019
K .52 86.48 273098 50 0.000934 0.446875486
L 32.32 70.81 162078.11 0.000677 0.323889576
M 106.39 B0.31 357020 32 0.001839 0.908045804
N 106.39 47 .31 238162 53 0.001489 0.712324954
0 31.13 51.48 52498.78 0.000474 0225761253
P 265.72 59.52 941344 .42 0.004679 2238070347
Q 4175 73.52 225650 35 0.000308 0.434328529
R 1.02 §2.52 £957.00 0.000025 0.011930274
S 63654 89.85 56413913 0.001825 0.872747041
A 4.82 2077 2080.25 0.000041 0.012319018
B 126.70 24.93 78757.78 0.001294 0.388444711
C 185.09 25.27 127690 51 0.001992 0.597 825352
D 2.79 00 2.28 0.000001 0.000309902
E 1.34 2.10 B.54 0.000002 0.000500911
F 4.95 923 42183 0.000019 0.005617 135
G 178 140 22412 0.000043 0014469343
H 154.97 413 2649.37 0.000263 0.078794539
[ 1375 25.57 9703.29 0.000150 0.044912037

Ninth J 169.33 29.23 144724.03 0.002028 0508751319
K 26.25 56.48 196346.19 0.000930 0.279192563
L 2325 70.81 116567 28 0.000574 0.202423298
M 7659 50.31 279701 53 0.001900 0.570270041
N 7689 47 31 172121.33 0.001490 0.447 353131
0 2238 51.48 59327 54 0.000472 0.141706228
P 193.03 53.52 BE3813 22 0.004707 141277796
Q 3002 73.52 162270 85 0.000904 0.271415161
R 0.73 52.52 4984.59 0.000025 0.0074284
S 4950 B89.85 399584 15 0.001522 0.545676254
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Appendix B.2 (Right)

Direct Shear

Wall First Second Third Fourth Fifth
A 188 15 15056 13514 12110 10625
B 32.14 3060 2716 2422 2121
C 14.86 1415 12.73 11.42 1003
D 572 a.44 481 428 374
E 292 88 278.83 266 .87 246 29 21953
F 8 /9 022 821 733 G.42
G 47 B4 45 35 40.53 36.25 3178
H 231 .91 22078 208.17 190 59 169,32
| g8.19 7.80 916 852 913
Sixth Seventh Eighth Ninth Roof
g39.94 71.75 5156 J2.29 4.70
17.92 14.28 10.26 B42 0.94
g.49 .77 4 87 305 0.44
316 252 1.81 1.13 016

187 .56 150 53 108.55 3.2 9.95
243 433 3N 195 028
25.88 21.44 1540 oG4 1.40

144 27 115 B0 83.31 52.29 763
8.16 B.7h 4.98 318 0.47

Wall First Second Third Fourth Fifth
| 31839 34370 34075 322 .29 29189
J 2824 16 69 12.93 1064 585
K 595.43 8772 77 A4 B8 14 a8 81
L 595.43 a7 72 7784 EE.14 58 91
M 14307 148.20 140 55 128 K2 113.92
N 55.08 4032 3262 27 41 2310
0 56.54 3838 30.87 2587 2178
Sixth Seventh Eighth Ninth Roof

26210 20382 147 .81 93.20 13.65
727 5.68 4.02 248 0.3k
4831 39.04 2789 17.39 2.53
4831 39.04 2789 17.39 2.43
95.83 7744 o572 34.93 5.08
19.04 14.93 1059 6457 .95
17.94 14.05 == B.18 0.85
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Floor Wall k X kx® kw/Zkx? Torsional Shear
A 14747 41 2747 11128791.60 0.002529 40793123
B 3158.89 23.47 1740114.25 0.000463 7.4B5536
C 1365.55 772 51394.83 0.0000B8 1.051593
D 576.84 147 124729 0.000005 0.085411
E 2152389 176 EEE36.55 0.000236 3.513452
F 938.70 17.36 282880.35 0.000102 1.6540854
G 452239 24.19 2646855.07 0.000683 11016763

First H 1775622 26.86 12B09219.71 0.002977 48.020802
[ 378.00 031 35.97 0.000001 0.011627
J 3041.86 31.03 2929366.65 0.000589 9.505207
K 10602 88 43.30 1987 9656618 0.002866 45229763
L 10602 88 53.30 3012215283 0.003528 55 805268
M 1541120 39.47 24005351.85 0.003797 G1.245956
N E256.19 53.80 21628530.28 0.002295 37040215
0 B090.77 73.47 3287 4720.36 0.002793 128.900000
A 2372.05 27 47 1790010.05 0.001728 25.53035023
B 482.08 23.47 265546 .7 4 0.000300 4 606518104
C 222.87 772 13284.57 0.000045 0.700579181
D B5.76 147 185.45 0.000003 0.051346697
E 4392.84 176 13599.93 0.000205 314635358
F 145.27 17.36 43778.70 0.000067 1026782958
G 714.48 24.19 41816952 0.000458 7.037603485

Second H 3478.37 26.86 2509417 56 0.002477 38.0389247
[ 122.85 0.31 11.48 0.000001 0.015279546
J 541.21 31.03 521195 55 0.000445 5.838127213
K 2844.99 43.90 5334163.02 0.003266 50.15651835
L 2844.99 53.90 B082452.49 0.004020 51.73988558
Mm 4806.25 39.47 748650516 0.005029 77.23192427
N 1307 .68 58.80 4520831.18 0.002039 31.30497 381
0 1244.78 73.47 571865917 0.002425 37.23413018
A 893.70 2747 674407 05 0.001526 21.89370582
B 179.62 23.47 95245.06 0.000262 3.759547533
C 8420 772 5018.58 0.000040 0.579695335
D 3178 147 68.72 0.000003 0.041673413
E 1764.71 176 5453.43 0.000193 2769083847
F 5427 17.36 16355.57 0.000059 0.840216353
G 268.03 24.19 156872 68 0.000403 £.782683096

Third H 1376.52 25,65 993053 34 0.002297 32.97 19094 1

[ G060 03 565 0.000001 0.016508653
J 208.57 31.03 200854 65 0.000402 5772022028
K 1251.21 43.30 2345927 21 0.003367 48.31536817
L 1251.21 53.30 3554605.51 0.004144 5947353206
M 2268.03 39.47 3532819.11 0.005562 79.82681273
N 526.35 58.80 1819669.29 0.001323 27.5992437 4
0 498.16 73.47 268879557 0.002274 32.63818866
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A 42646 27.47 321818.92 0.001433 18.78135652
B 85.30 23.47 46931.25 0.000245 3.209790404
C 4022 772 2397 45 0.000038 0.497839936
D 15 06 1.47 32.56 0.000003 0.035494566
E B67.34 1.76 2685.24 0.000187 2 446629167
F 25 80 17.36 7776.22 0.000055 0.718144E24
G 127 66 24.19 74715.30 0.000378 4951193095
Fourth H 671.55 26.86 484477 55 0.002206 28.91723975
[ 3354 0.31 3.13 0.000001 0.016425974
J 100.51 31.03 95794.82 0.000381 5.000534 168
K 643.47 43.30 1206463.47 0.003407 44 EEBEB36E
L 643.47 53.30 182806256 0.004194 54.98456618
M 1214.52 39.47 1891797.99 0.005862 76.84584073
N 25378 £8.80 894653 23 0.001881 24.39359942
0 24428 73.47 1318483.49 0.002135 28.77141213
A 23527 27 .47 17754339 0.001383 16079468
B 45 .95 23.47 25860.90 0.000236 2741290791
C 2220 772 1323.39 0.000037 0.426 460545
D B8.28 147 17.89 0.000003 0.030276419
E 486.10 176 1504.93 0.000183 212791249
F 1421 17.36 4281.93 0.000053 0613669612
G 70.36 24.19 41178.47 0.000364 4234696407
Fifth H 374.83 26.85 27041709 0.002154 25 04777129
[ 2020 0.31 1.89 0.000001 0.015355345
J 5574 31.03 53674.73 0.000370 430314409
K 369.66 43.30 F93453 52 0.003427 33.54355722
L 359.66 53.30 1050737 50 0.004218 43.04520379
M 715.21 39.47 1114050.37 0.005040 70.2268907 7
N 145.04 58.80 501424 21 0.001825 2121680571
0 136.72 73.47 737929 B9 0.002149 24985925088
A 143.13 27 47 108012 92 0.001353 13.40174185
B 2852 23.47 15710.69 0.000230 2281524301
C 1351 772 B05 .38 0.000036 0.35655687 2
D 5.02 1.47 10.86 0.000003 0025180431
E 293.50 176 924 .13 0.000181 1790156749
E B8.53 17.36 2602.15 0.000052 0510911343
G 1278 24.19 25037.36 0.000356 3.527 434467
Sixth H 22961 26.86 165647 95 0.002123 21.02032347
[ 1299 0.31 1.21 0.000001 0.013529254
J 34.01 31.03 32752.08 0.000363 3.687 272089
K 230.63 43.30 432408.20 0.003437 34.03713882
L 23063 53.30 £55195.33 0.004231 41.89782555
M 45288 39.47 705426 31 0.006152 £0.92105411
N 83.05 58.80 307903.41 0.001803 17 848741
0 5356 73.47 452754 91 0.002121 21.00486027
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A 93.42 AT 70498.92 0.001335 10.58602447
B 18.60 23.47 10244.97 0.000227 1800551822
C B.52 772 5577 0.000035 0.280911 158
D 3.7 147 7.08 0.000003 0.019863106
E 195.99 176 BOG.77 0.000179 1422479779
F 553 17.36 169721 0.000051 0.403267 406
G 27 .91 24.19 16335.59 0.000351 2.785289298

Seventh H 150.52 2686 108589 54 0.002102 1B.67BEES7 7
I B.80 0.31 0.52 0.000001 0.011089595
J 2224 31.03 21417.40 0.000359 2.846860196
K 152.94 43.30 286748 .47 0.003444 2731650592
L 152.94 53.30 43448820 0.004239 33.6251001
M 303.41 39.47 47261039 0.008227 4939510703
N 58.48 58,80 202157 98 0.001788 14.18237 223
0 5505 73.47 297104 .43 0.002103 16.68132987
A £4.29 7 AT 48515.63 0.001322 7 55457434
B 1279 23.47 7045.08 0.000225 1.284163444
C B.07 772 36187 0.000035 0.200435713
D 225 147 4.87 0.000002 0.014162175
E 135.42 176 411925 0.000178 101922252
F 387 17.36 1167.43 0.000050 0.287FER0S2
G 19.20 24.13 11238.97 0.000348 1.957 190895

Eighth H 103.89 26.66 74948.95 0.002088 11.93608002
I 6.21 031 0.58 0.000001 0.008120346
J 15.32 31.03 14767 67 0.000356 2.034206746
K 106.39 43.30 189477 B9 0.003448 19.70589908
L 106.39 53.30 30225341 0.004244 242586619
M 212.58 39.47 33112142 0.006279 35.85771637
N 40.40 58.80 13967549 0.001778 10.16153185
0 3502 73.47 205204 .00 0.002090 11,3477 2607
A 46.11 T AT 3473453 0.001313 4.708624454
B 9.17 23.47 5051.18 0.000223 0.B00065905
C 4.35 772 250 55 0.000035 0.124978579
D 1.51 147 3.49 0.000002 0.008821517
E 97 .40 176 301.53 0.000178 0.637 078573
F 2.78 17.36 835.39 0.000050 0.179240528
G 1377 24.13 805897 0.000345 1.238300642

Ninth H 7466 26.86 53863.73 0.002078 7.455104457
I 4.54 031 0.42 0.000001 0.005156211
J 11.00 31.03 10533.41 0.000354 1.269035 161
K 76.89 43.30 144163 .53 0.003450 12.37 708933
L 76.89 53.30 21844006 0.004247 15.23560884
M 154.42 39.47 24053385 0.006316 22 B5E6E350
N 29.08 58.80 100455 .93 0.0017 71 £.351446697
0 27 34 73.47 147546522 0.002051 7466012402
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