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Lateral System Analysis and Confirmation Design

Executive Summary

In this report, a detailed analysis of the lateral forces was performed in
efforts to examine and test the lateral resisting framing system for the
Executive Tower. This report is divided into three sections. Section
one is a second look at the wind and seismic forces initially examined in
technical report 1. The wind and seismic were checked, recalculated
and compared using charts to find which scenarios govern over the
other. The second section explains the structural systems in place and
how they coordinate with each other. It was assumed, the besides the
shear being the main lateral resisting system, that a study of six
moment frames creating the perimeter beam and exterior columns of
the building would be beneficial in studying the building. Finally a detail
analysis of the frames and shear walls were preformed to check
stresses, flexural and drift through the use of STAAD and RAM analysis
programs.

This technical report looks in depth lateral systems and the drifts that
are resulted from the combined lateral and gravity loads. Hand
calculations of spot checks at critically stress locations found all
columns to be able to withstand the combined loads. The check of the
shears at the worse case scenario found the wall sections and
reinforcement to be adequate. From the technical report, the lateral
forces for the Executive Tower were checked and corrected to still be
used in future examinations.



Introduction

Executive Tower is a 12 story structure consisting of primarily cast-in-
place concrete. The framing system is an 8” two-way concrete flat slab
with 8" drop panels at column locations and an additional 3 %"
thickened slab acting as an edge for the entire perimeter of the building.

Report Layout

Lateral load cases and controlling conditions

Existing lateral systems; shears walls, and moment frames
Distribution of later loads to resisting system

Analysis of lateral structures

Appendix A — Seismic and Wind Calculations

Appendix B — Load Distribution

Appendix C — Story Drift

Appendix D — Column Spot Check

Appendix E — Shear Wall Spot Check

Loads

All loads are in accordance ASCE7-02 and assumes a 20 psf addition
live load be assumed for partitions.

Live Loads
Office 80 psf + 20 psf = 100 psf
Dead Loads
Concrete 124 psf
Curtain 12 psf
Sprinkler 5 psf
MEP 5 psf

Finishes 10 psf



Lateral Load Summary

Wind

The wind analysis were taken from Technical Assignment 1 and
checked to be properly used in this report using ASCE 7-02. Executive
Tower is set in the middle of downtown Washington DC with several
buildings of similar height near by. It was for this reason an Expose B
and case 2 were used to calculate the wind pressures applied to the
Executive Tower. The k, values were found in Table 6-3 of ASCE 7-02
but were calculated using an excel spreadsheet for the mid-floor
intervals using eq. 2 on Table 6-3, k, = 2.01(z/z;)?®. In the chart below
the new heights for Z can be seen along with the calculated pressures
for the N-S and E-W directions. The extent of the wind analysis
including Gust Factor calculations can be found in Appendix A.

N-S E-W

z Kk, a, P P, P.+P, P, P, P_+P,
(ft) (psf) | (psf) (psf) (psf) (psf) (psf)
1533 | 1117 | 19.680 | -4.97 | 13.10 | 18.07 -8.39 13.27 21.66
1441 | 1.097 | 19.335 | -4.97 | 12.87 | 17.84 -8.39 13.04 2143
1286 | 1.062 | 18.716 | -4.97 | 1246 | 17.43 -8.39 12.62 21.01
116.6 | 1.033 | 18199 | -4.97 | 1211 | 17.08 -8.39 12.27 20.66
1051 | 1.002 | 17.667 | 497 | 11.76 | 16.73 _8.39 11.91 20.30
9358 | 0970 | 17.091 | 497 | 1138 | 16.35 839 1153 19.92
8208 | 0934 | 16463 | 497 | 1096 | 1593 -8.39 11.10 19.49
7058 | 0.895 | 15.768 | -4.97 | 1049 | 1546 -8.39 10.63 19.02
59.08 | 0.850 | 14986 | -497 | 998 | 1495 -8.39 10.11 18.50
4758 | 0799 | 14.088 | 497 | 9.38 | 1435 -8.39 9.50 17.89
36.08 | 0739 | 13.017 | 497 | 866 | 1363 -8.39 8.78 1717
2458 | 0662 | 11665 | -497 | 7.76 | 1273 -8.39 7.87 16.26
942 | 0503 | 8.869 | -497 | 590 | 10.87 -8.39 508 14.37




Seismic

Like the wind analysis, the seismic forces for this report were taken
from Technical Assignment 1 and recheck for accurate results. For this
report, the seismic loads were found to be less than in Tech 1. The
seismic loads are in accordance with ASCE 7-02. An in-depth
calculation of the structures dead load for the seismic calculation is
displayed in Appendix B along with hand calculations. Including the
drop panels and edge beams spread over the total area of the floor. A
full description of the story forces can be seen below calculated using a
spreadsheet.

SEISMIC | M) | load (K | Wt Coe Sgﬁjriiﬁéze
roof]  153.33 61| 218788 0.0562 26 B0
pent | 134 83 103 837257065 7747
17155753 1603 EETETE] 0 1460 503
0] 11083 1603 E05103] 0 1260 B140
] N 1803 443586| 70,1140 5503

= G (LI e 5 AEE]
753 1603524618008 3545
T (L] = EvL:F,
E[EYES (L= e T 1= &
4783 1603|1561 16] 0 0400 149,34
I (EETa ] = 7 R P 15791
SRS (SN =) R 7 E]
21454] 3859800 47257

Lateral Comparisons

The story forces and wind pressures were converted into the linear
pressure across the length of the building to compare which forces will
govern in which directions. It was found the seismic loads controlled in
the upper floors while the wind governing factors the lower floors.

Wind Seismic Governing Story Forces
E-W N-S E-W N-S E-W N-S E-W N-S
(pLf) (pLf) (pLf) (pLf) (pLf) (pLf) (kips) (kips)
199.3 166.2 183.4 289.1 199.3 289.1 28.9 26.6
332.2 276.5 534.3 842.0 534.3 842.0 77.5 77.5
2521 209.1 476.1 750.3 476.1 750.3 69.0 69.0
237.6 196.5 423.5 667.4 423.5 667.4 61.4 61.4
233.9 192.7 371.9 586.1 371.9 586.1 53.9 53.9
229.0 188.0 3214 506.6 3214 506.6 46.6 46.6
224.2 183.2 272.2 428.9 272.2 428.9 39.5 39.5
218.8 177.8 2243 353.5 2243 353.5 325 325
212.7 171.9 177.9 280.4 212.7 280.4 30.8 25.8
205.7 165.0 133.4 210.3 205.7 210.3 29.8 19.3
197.4 156.8 91.1 143.6 197.4 156.8 28.6 14.4
246.5 193.1 51.8 81.6 246.5 193.1 35.7 17.8




Lateral Resisting System

Executive Tower is a twelve story office building comprised of a
concrete flat slab with drop panels. The lateral resisting system
consists of two components. The first is six interacting shear walls
developing the elevator core in the center of the building. The shear
walls are fully reinforced with #6@8” O.C. on each face and in both the
vertical and horizontal directions. In the East-West direction, wall 1, 2,
3, 4 form the sides of the elevator with typical lengths of 9 2" and 8 %’.
Walls 5 and 6 make up the backs of the elevator and are of length 19
Y2 and 21’ supporting the North-South direction. Along with shear wall
extending the full height of the building, Executive Tower’s flat slab
system contains exterior columns of 20"x20” with edge beams of
11%2"x5’-4”around the perimeter of the building acting as a second
lateral resisting system. An edge beam of 11 72" thick by 5 feet wide
create a moment frames around the entire building aiding in torsional
support. The plan view below, Figure 1, shows the location of the shear
wall and the frames. The perimeter beams were divided into 5 moment
frames that insist the shear walls in resisting lateral and torsional
motion.

F1 (E—W) s g

F1 (N-5) _

140"

Figure 1 — view of typical floor showing
locations of shears and moment frames.



Distribution

To the start the load distribution, the continuous edge beam around the
perimeter of the building was divided up into 6 frames for simplicity and
model in STAAD. A 100 kip unit load was applied to each frame at
each floor level. By dividing the corresponding unit by the deflection at
that node resulted in the rigidity of the structure for each level. The
rigidity for the shear walls were computed through spreadsheets. At
frames 2, 4, and 5, the applied forces from wind and seismic were
skewed from the frame directions. For this, it was assumed that a
proportion of the rigidity would act in each direction equal to sine or
cosine of the angle. However, this method was not used when
accounting for torsion. The full rigidity was used times the
perpendicular to the center of rigidity.

Below are the controlling story forces and shear forces organized by level.

story story
forces By M-5 shear E-uy M-5

(kips) (kips)
roof 2849 26.6 roof 2849 26.6
pent, 77 h 775 pent. 106.4 104 .1
11 B9.0 B9.0 11 175.4 1731
10 G614 61.4 10 236.8 234 5
9 534 539 =) 2907 208 4
g 46 B 46.6 g 337 .3 3350
7 95 39.5 7 376.8 3745
B J32A 325 B 4093 407 0
5 s 258 5 4401 4328
4 298 19.3 4 4595 4521
3 285 14.4 3 498 .5 466 5
2 w7 17.8 2 5342 484 3
base 0342 484 3 base 0342 484 3




Using the story forces, the table below calculated the overturning
moments in each direction. From there results, the exterior on frame
was checked to resist these added stresses including the flexural
moments from the lateral forces. A detailed analysis of this spot check
of a 20"x20” concrete column with 8#11 bars evenly distributed around
the perimeter can be found in Appendix D. | was found the required
area of steel was less than the actual steel area using the interaction

diagrams on page 757 of the Design of Concrete Structures.

Stary Stary O arturning Stary Stary O arturning

E-w Forces Height homent M-3 Forces Height homent

(kips) (ff) (kip-ft) (kips) () (kip-ft)
roof 2549 15333 44312 roof 25 B 15333 40736
pent. i7h 134 83 10449 3 pent i7h 134 83 10449 3
11 B30 12233 S5440.8 11 B30 122 33 S5440.8
10 B1.4 11083 BB05.0 10 B1.4 110 83 BB05.0
9 534 89933 53534 9 539 893 33 53534
g 46 5 8783 40929 =) 46 6 87 .83 40929
7 395 7533 3015.0 7 395 7633 3015.0
B 325 B4 .83 2107.0 ) 325 B4 83 2107.0
5 30.8 5333 1642 6 5 258 5333 137548
4 298 4183 1246.5 4 193 41.83 8073
3 286 3033 BE7 .4 3 14 4 30.33 4368
2 357 1583 722 2 17 8 18 83 3352
Chyer Turning Mament 49123.5 Cher Turning hMoment 472597 B

Analysis of Deflections

For the analysis of the deflections, two programs were used to solve for
these values and were checked by hand using the force over rigidity.
The hand calculation for shear wall 5 found the wall to deflect 3.15”
over a wall height of 153’-4”. This value is equivalent to a total building
deflection of L/583.8 which is within in the parameters of L/400. The
maximum story drift for wall 5 was .442 which is also within the L/240
parameter. However, the building drift does not much the drift from the
Ram analysis yielding a maximum drift of 5.15”. It is believed that the
hand calculations are more accurate. During the STAAD analysis of
the moment frame, the materials were unable to be 4000 psi concrete
as specified in the plan, so the frame was analyzed with 3000 psi. With
the proper strength concrete in place, the frames should become more
rigid and assist more in taking some of the load from the shears
causing a decrease in the building drift.



Conclusion

Through this report the lateral systems were found to be sufficient to
withstand the lateral loads. The spot checks of the shear wall 5 in
Appendix E show the wall with the worst case load is able to satisfy the
both shear and flexural. The column in Frame 1 was analyzed to using
combined loads and the interaction diagram. The reinforcement in this
member was found be to be adequate for combine flexure and
compressive stresses.

The lateral deflections of the shear walls and frames were found to be
accurate through hand calculation but will require further investigation
to insure the rigidity of the moment frames are acceptable.

From the technical report, the lateral forces for the Executive Tower
were checked and corrected to still be used in future examinations.



Appendix A

Seismic and Wind
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Seismic Appendix A
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Gust Factor for East West Direction

flexible buildings ( f < 1.0 Hz) (6.5.8): G

Table 6-2
Znin 30 Vv 90
c 0.30 f 0.05
¢ 320 V, = b (2/33)"V(88/60) = 68.7694659
5 0.33 n, =f=[0.67424168]
b 0.45 Nh = 4.6nh/V, = 6.91520264
o 0.142857143 7)g = 4.6n,B/V, = 6.53951857
L 92 7. = 15.4n,L/V, = 13.8908395
B 145 R = (1n)-(1/(21%)(1-e*")
Jo 3.4 Ry, 0.13415306
Oy 3.4 Rg 0.14122476
z=0.6h= 91.998 z>30? R, 0.06939862
L,=(z/33)" =  450.372081 TRUE

l, =c(33/z2)"* = 0.252877689 use 91.998
Q = (1/(1+0.63((B+h)/L,)> )2 = 0.82032966

N; = nL,/V, = 4.41561707

R, = 7.47N,/(1+10.3N,)*® = 0.05489361

R = ((1/8)R,RyRe(0.53+0.47R)** = 0.10817781
gr = (2In(3600n,))"%+0.577/(2In(3600n,))*? = 4.094435435

Gr= 0.925(((1+1.71,(g0°Q*+grR) A)/(1+1.7g,1,)) = 0.831964978
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Gust Factor for North South Direction

flexible buildings ( f < 1.0 Hz) (6.5.8): G

Table 6-2
Zmin 30
c 0.3
4 320
& 0.3333
b 0.45
o 0.142857143
L 145
B 92
do 3.4
Oy 3.4
z=0.6h= 91.998
L,=/z/33)" = 450.3566897

l, =c(33/z)" = 0.252877689
Q = (1/(1+0.63((B+h)/L,)*%))*2

N, = n,L,/V,
R, = 7.47N,/(1+10.3N,)**
R = ((1/8)R,RyRe(0.53+0.47R )" =

Vv 90
B 0.05
V, = b (2/33)"V(88/60) = 68.7694659

n, = f=[0.67424168
Ny = 4.6mh/V, = 6.91520264

Ng = 4.6nBIV, = 4.14921178

7. =15.4n,L/V, = 21.8931709
Ri = (L/n)-(1/(2n%)(1-e*")
R; 0.13415306
Rg 0.21197404
z>307? R, 0.04463318

TRUE

use 91.998
0.83633627

4.41546617
0.0548948
0.13115631

gr = (2In(3600n,))"?+0.577/(2In(3600n,))*? = 4.094435435

Gr= 0.925(((1+1.71,(g0°Q*+grR) A)/(1+1.7g,1,)) = 0.843230015
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Appendix B

Load Distribution
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Lateral | h | Wall 1] Wall 2| Wall 3| Wall 4| Wall 5] Wall6] F1 | F2 | F2 | F2 | F3 | F4 | F4 | F4 | F5 | F5 | F5 >R
Rigidity [ (f) | (E-W) [ (E-W) [ (E-W) [ (E-W) [ (N-S) [ (N-S) [ (E-W) (E-W) [ (N-S) [ (N-S) (E-W) [ (N-S) (E-W) [ (N-S) [ (EW) [ (N-S)
roof | 153.3| 26| 26| 21| 21| 209] 274] 89| 92| 84| 37| 59 33 13 30 98] 20| 96| 300 705
12 |1338| 38| 38| 32| 32| 313 410| 100| 102| 93| 42| 66| 37 15 34| 11.1] 23| 109 372 972
11 |1223| 50| 50| 41| 41| 408| 535 11.1| 115| 105| 47| 74| 42| 17| 38| 127 26| 124 443 1226
10 |1108| 68| 68| 56| 56| 547 715 126| 130| 118| 53| 84| 48 20| 44| 146| 30| 143| 541 1586
9 |99.33| 94| 94| 77| 77| 755| 98.7| 145 149| 136 61| 97| 56| 23| 51 171 36| 167| 682 2119
8 |87.83| 135| 135| 11.2| 11.2| 108.4| 1416 17.1| 175 159 71| 114| 66| 27 6.0 204| 42| 200| 89.4| 2945
7 |7633| 206| 206| 16.9| 16.9| 163.4| 212.8| 207 21.0] 192| 86| 138| 81| 33| 74| 253 53| 247 1235 4307
6 |64.83| 334| 334| 276| 27.6| 262.0| 340.3| 26.2| 264| 24.1| 107| 17.4| 105| 43| 96| 328 6.8 32.1| 183.4| 6722
5 |5333| 596 59.6| 49.2| 49.2| 457.3| 590.7| 36.2| 356| 325 145| 239 148| 6.0 135 467 97| 457| 302.0| 11456
4 | 41.83| 121.8| 121.8| 100.6| 100.6| 898.0{1149.3| 56.8| 53.7| 49.0| 21.9| 37.0] 240| 98| 219 732| 152 71.6| 575.6] 2199.7
3 | 30.33| 309.1| 309.1| 256.3| 256.3|2098.3|2636.8| 113.6| 101.2| 92.4| 41.2| 735| 505| 205 46.1| 146.0| 30.3| 142.8/1387.8| 5038.7
2 | 18.83|1164.6/1164.6| 976.7| 976.7|6411.7|7750.7| 450.5| 367.7| 335.8| 149.7| 291.5| 217.9| 88.6| 199.1| 574.0| 119.3| 561.5|5276.7| 15364.1
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story | story Wall 1 Wall 2 Wall 3 Wall 4 F1 F2 F4 F5
E-W | forces| shear | prop. Shear| prop. Shear| prop. Shear| prop. Shear| prop. Force| prop. Force | prop. Force | prop. Force
(kips) | (kips) | (%) (kips) [ (%) (kips)| (%) (kips) | (%) (kips)| (%) (kips) | (%) (kips)| (%) (kips) | (%) (Kips)
roof 289 | 289 (0.085 25 |0.08 25 |0.070 20 |(0.070 2.0 |0.297 8.57 |0.197 5.68 [0.045 1.29 | 0.068 1.96
pent. 775 |106.4 | 0.104 11.0 | 0.104 11.0 |0.085 9.1 |(0.085 9.1 |0.269 20.84|0.178 13.76 | 0.040 3.14 | 0.062 4.81
11 69.0 | 175.4( 0.114 20.0 | 0.114 20.0 | 0.094 16.4 |(0.094 16.4 |0.251 17.31|0.167 11.54(0.039 2.66 | 0.060 4.11
10 61.4 | 236.8 | 0.125 29.6 | 0.125 29.6 | 0.103 24.4 [ 0.103 244 |0.233 14.30| 0.155 953 [ 0.036 2.22 | 0.056 3.44
9 53.9 | 290.7 | 0.138 40.0 | 0.138 40.0 | 0.113 329 (0.113 329 | 0.213 11.47|0.142 7.67 (0.033 1.80 | 0.052 2.81
8 46.6 | 337.3| 0.152 51.1 [ 0.152 51.1 |0.125 42.1 |0.125 421 (0.191 8.92 | 0.128 5.94 | 0.030 1.40 | 0.047 2.21
7 39.5 | 376.8 | 0.167 62.8 | 0.167 62.8 | 0.137 51.7 |(0.137 51.7 | 0.168 6.62 | 0.112 4.41 | 0.027 1.05 | 0.043 1.68
6 325 |1409.3(0.182 746 |0.182 74.6 |0.150 615 |(0.150 615 |0.143 4.64 |0.095 3.08 [0.023 0.76 | 0.037 1.21
5 30.8 | 440.1 | 0.197 86.9 | 0.197 86.9 | 0.163 71.7 |(0.163 71.7 | 0.120 3.69 | 0.079 2.44 (0.020 0.61 | 0.032 0.99
4 29.8 |1 469.9( 0.212 994 | 0.212 994 | 0.175 821 (0.175 82.1 |0.099 294 |0.064 192 |(0.017 0.51 |0.026 0.79
3 28.6 | 498.5( 0.223 111.0| 0.223 111.0|0.185 92.1 |(0.185 92.1 | 0.082 2.34 |0.053 151 |(0.015 0.42 | 0.022 0.63
2 35.7 | 534.2(0.221 117.9] 0.221 117.9]0.185 989 [0.185 98.9 | 0.085 3.05 | 0.055 1.97 [0.017 0.60 | 0.023 0.81
base | 534.2 117.9 117.9 98.9 98.9 104.69 69.46 16.45 25.44
story | story Wall 5 Wall 6 F1 F2 F3 F4 F5
N-S | forces| shear | prop. Shear| prop. Shear| prop. Force | prop. Force| prop. Force | prop. Force| prop. Force
(kips) | (kips) | (%) (kips) | (%) (kips)| (%) (kips) | (%) (kips)| (%) (kips) | (%) (Kips)| (%) (kips)
roof 266 | 266 [0.296 79 |0.388 10.3 |0.126 3.36 [0.053 1.41 |0.084 2.23 |0.043 1.14 (0.136 3.62
pent. 775 1104.1(0.321 335 |0.421 439 |0.103 7.97 [0.043 3.32 | 0.068 5.26 |0.035 2.69 |0.112 8.65
11 69.0 | 173.1(0.333 576 | 0436 755 |0.091 6.25 (0.038 262 |0.060 4.17 |0.031 2.16 |0.101 6.99
10 61.4 | 2345 0.345 80.8 | 0.451 105.8| 0.079 4.88 [ 0.033 2.05 |0.053 3.25|0.028 1.70 [ 0.090 5.53
9 53.9 | 288.4 | 0.356 102.8 | 0.466 134.4]0.068 3.69 [0.029 1.54 | 0.046 2.47 |0.024 1.30 | 0.079 4.26
8 46.6 | 335.0| 0.368 123.3|0.481 161.0|0.058 2.71 [ 0.024 1.13 [ 0.039 1.80 | 0.020 0.95 | 0.068 3.16
7 39.5 [ 3745| 0.379 142.0| 0.494 185.1|0.048 1.90 | 0.020 0.79 |(0.032 1.27 | 0.017 0.68 | 0.057 2.27
6 32,5 [ 407.0| 0.390 158.7| 0.506 206.1)|0.039 1.27 [0.016 0.52 [ 0.026 0.84 | 0.014 0.46 | 0.048 1.55
5 258 |1 432.8(0.399 172.8| 0.516 223.2]|0.032 0.82 (0.013 0.33 | 0.021 0.54 | 0.012 0.30 | 0.040 1.03
4 19.3 | 452.1| 0.408 184.6 | 0.522 236.2|0.026 0.50 | 0.010 0.19 | 0.017 0.32 [{0.010 0.19 | 0.033 0.63
3 14.4 | 466.5| 0.416 194.3]| 0.523 244.1(0.023 0.32 | 0.008 0.12 | 0.015 0.21 [{0.009 0.13 [ 0.028 0.41
2 17.8 | 484.3] 0.417 202.1]|0.504 244.3|0.029 0.52 | 0.010 0.17 | 0.019 0.34 [ 0.013 0.23 | 0.037 0.65
base | 484.3 202.1 2443 34.18 14.19 22.69 11.95 38.74
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Torsion wall1 | wall2 | wana | wala | wails | wale (EF_JN) (,5_18) F2 F3 F4 F5 SRx?
D'Stc'g"m 10.5 9.5 8.5 9.5 145 | 130 | 635 | 501 | 603 | 400 | 355 | 490
roof 27 27 20 18 198 396 565 446 554 236 17| 480| 137654
12 40 37 27 30 452 533 635 513 564 148 131 544 151978
11 53 48 35 39 590 695 705 574 631 168 149 622 173279
10 7 64 47 53 790 930 800 650 715 192 170 715 201025
9 99 89 66 73| 1001] 1284 921 746 821 224 199 838| 238065
8 Ry 142 129 95 106| 1567|  1840] 1086 875 962 264 234|  1000f 289764
7 216 196 144 161  2360|  2767| 1314  1054] 1159 324 288|  1240( 367088
6 351 318 234 62|  3787| 4424|1664 1322|1454 420 373|  1607| 491803
5 626 566 418 467  e608|  7679]  2200| 1781 1959 592 55|  2288| 723096
4 1279] 1157 855 os6|  12077|  14941]  3607|  2688| 2956 960 gs2|  3587| 1208947
3 346  2037|  2179|  2435| 30320 34278  7214|  sora|  ss77| 20200 1703|7154 2530898
2 12208]  11063|  8302| 9279 92649| 100750| 28607 18419| 20257|  8716|  7735| 28126| 9003737
, F1 F1

RR | Wall1 | Wall2 | Wall3 | Wall4 | Wall5 | Wall6 | o\ | s | F2 F3 F4 F5

roof 0.000] 0.000] 0.000] 0.000] 0.001] 0003] 0004] 0.003] 0004] 0.002] 0001 0003

12 0.000| 0.000| 0.000] 0.000] 0.003] 0004 0004| 0003 0004 0.001 0001 0.004

11 0.000| 0.000] 0.000] 0.000] 0003 0.004] 0004 0003 0004 0.001 0001 0.004

10 0.000| 0.000| 0.000] 0.000] 0.004] 0005 0004 0003 0.004] 0.001] 0001 0.004

9 0.000| 0.000| 0.000] 0.000] 0.005| 0005 0004 0003 0003 0.001 0001 0.004

8 0.000| 0.000| 0.000] 0.000] 0.005| 0.006| 0004 0003 0003 0.001 0001 0003

7 0.001| 0.001| 0.000] o0.000] 0.006] 0008 0004 0003 0003 o0.001 0001 0003

6 0.001| 0.001| 0.000] 0.001| 0.008] 0009 0003] 0003 0003 0001 0001 0003

5 0.001| 0.001| 0001 0001 0.009] 0011 0003| 0002 0003 0001 0001 0003

4 0.001| 0.001| 0001 0001 0011 0012| 0003| 0002 0.002] 0.001| 0001 0003

3 0.001| 0.001| 0001 0001 0012 0014| 0003| 0002 0.002] 0.001| 0001 0003

2 0.001] 0.001| 0001 0001 o0.010] 0011 0003| 0002 0.002] 0.001 0001 0003
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. . F1 F1
Torsional Perportions Walll [ Wall2 | Wall3 | Wall4 | Wall5 | Wall 6 (E-W) (N-S) F2 F3 F4 F5
Torsional | Story .
E-W Moment | Moment Resultant Fo(r;zz)from Torsion
(Kip-ft) (Kip-ft)

roof 204 204 0.040[ 0.040| 0.030f 0.027( 0.294| 0.586| 0.838| 0.661| 0.821| 0.350/ 0.174 0.712
pent. 751 547 0.200{ 0.181 0.133( 0.149 2.233 2.633( 2.286 1.845 2.029] 0.533 0.473 1.958
11 1238 487 0.378 0.342 0.252( 0.281| 4.214| 4.966 1.982 1.613 1.774] 0.472 0.419 1.748
10 1672 433 0.591 0.534 0.393| 0.440 6.569 7.735 1.725 1.401 1.541] 0.414| 0.367 1.543
9 2052 381 0.849 0.769 0.566( 0.632 9.408| 11.067 1.472 1.193 1.312] 0.358 0.318 1.339
8 2381 329 1.169 1.058| 0.779] 0.871| 12.875| 15.123 1.233| 0.993 1.092|] 0.300| 0.266 1.135
7 2660 279 1.566 1.417 1.044 1.167| 17.106f 20.050( 0.999| 0.801| 0.881| 0.246 0.218 0.942
6 2890 229 2.063 1.867 1.376 1.538| 22.248| 25.993 0.776( 0.617| 0.678] 0.196 0.174 0.750
5 3107 217 2.690( 2.434 1.796 2.007| 28.394| 32.998| 0.691 0.536| 0.589| 0.178 0.158 0.688
4 3317 210 3.509 3.175( 2.347 2.623| 35.610| 40.999 0.628( 0.468| 0.514| 0.167 0.148 0.624
3 3519 202 4.514| 4.084| 3.030| 3.386| 42.162| 47.666| 0.576] 0.405( 0.445| 0.161 0.143 0.571
2 3771 252 5.122| 4.634| 3.478| 3.887| 38.808| 42.205| 0.801| 0.516f 0.567| 0.244| 0.217 0.787
base 3771 3771 5.1 4.6 3.5 3.9 38.8 42.2 14 11 12 4 3 13

Torsional | Story Resultant Forces from Torsion

N-S Moment | Moment (Kips)
(kips-ft) | (kip-ft)

roof 144 144 0.028 0.028( 0.021| 0.019| 0.207 0.413| 0.590| 0.465| 0.578| 0.246( 0.122 0.501
pent. 562 419] 0.149 0.135( 0.100|{ 0.111 1.671 1.970 1.749 1.411 1.552] 0.408 0.362 1.498
11 935 373 0.285 0.258( 0.190| 0.212| 3.181 3.749 1.516 1.234 1.357] 0.361 0.321 1.337
10 1266 332 0.447 0.405( 0.298| 0.333| 4.975 5.859 1.320 1.072 1.179] 0.317 0.281 1.180
9 1557 291 0.645| 0.583| 0.429] 0.480 7.139 8.398 1.126] 0.913 1.004| 0.274] 0.243 1.024
8 1809 252 0.888 0.804( 0.592| 0.661 9.781| 11.488| 0.943| 0.760f 0.835| 0.229 0.203 0.868
7 2022 213 1.191 1.077 0.794( 0.887| 13.004| 15.242 0.764( 0.612| 0.674| 0.188| 0.167 0.720
6 2198 176 1.569 1.420 1.047 1.170] 16.922( 19.769 0.594( 0.472| 0.519] 0.150| 0.133 0.574
5 2337 139 2.024 1.831 1.351 1.510] 21.358| 24.821 0.443( 0.343] 0.377] 0.114| 0.101 0.441
4 2441 104| 2.583 2.337 1.727 1.930] 26.205( 30.171 0.311( 0.232| 0.255| 0.083] 0.073 0.309
3 2519 78| 3.231 2.923( 2.169 2.424| 30.178] 34.118| 0.222( 0.156| 0.171] 0.062 0.055 0.220
2 2615 96 3.552 3.213| 2.411 2.695| 26.911| 29.266| 0.305 0.197| 0.216] 0.093| 0.083 0.300
base 2615 2615 4 3 2 3 27 29 10 8 9 3 2 9
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Total Forces Wall 1 Wall 2 Wall 3 Wall 4 Wall 5 Wall 6 F1 (E-W)
(E-W) Story Shear Story Shear Story Shear Story Shear Story Shear Story Shear StoryForces
(kips) (kips) (kips) (kips) (kips) (kips) (kips)
roof 247 -0.04] 2431 247 004 251 203 -0.03] 200f 203 003] 206/ 0.00 029 029 0.00 059 059 857 -084f 7.73
pent. 11.01 -0.20{ 10.81] 11.01 0.8 11.19f 9.06 -0.13] 893} 9.06 015 9.21f 000 223} 223 0.00 2.63] 263 20.84 -2.29| 1856
11 1996 -0.38] 19.58| 19.96 0.34| 20.30f 16.42 -0.25| 16.17] 1642 0.28| 16.70f 0.00 4.21] 4.21] 0.00 4971 497 1731 -1.98] 15.32
10 29.61 -0.59] 29.02| 29.61 053 30.15| 24.37 -0.39| 23.97| 2437 044 2481 0.00 657 6.57[ 0.00 7.73| 7.73] 1430 -1.73| 1258
9 40.03 -0.85| 39.18| 40.03 0.77| 40.80] 3294 -0.57| 3237 3294 063] 3357 0.00 941 941 000 11.07f 11.07| 11.47 -1.47| 10.00
8 5113 -1.17] 49.96] 51.13 1.06( 52.19( 42.09 -0.78] 41.31] 42.09 087 4296 000 1288 12.88] 0.00 15.12| 15.12| 892 -1.23| 7.68
7 62.78 -1.57| 61.22| 62.78 142 64.20( 51.70 -1.04| 50.65| 51.70  1.17| 52.86] 0.00 17.11] 17.11f 0.00 20.05| 20.05( 6.62 -1.00] 5.62
6 7465 -2.06] 7258| 7465 1.87[ 76.51| 6150 -1.38| 60.12| 6150 154 63.03] 0.00 2225 2225 0.00 25.99] 25.99( 4.64 -0.78] 3.87
5 86.90 -2.69] 84.21| 86.90 243| 89.34] 7166 -1.80| 69.86( 71.66 2.01] 73.66/ 0.00 2839 28.39 0.0 33.00f 33.00f 369 -0.69] 3.00
4 99.44 -351] 95.93| 99.44  3.18( 102.61| 82.13 -2.35| 79.79] 82.13 2.62( 84.76] 0.00 35.61| 3561 0.00 41.00] 41.00] 294 -063 231
3 111.04 -451| 106.52 111.04  4.08] 115.12] 92.07 -3.03[ 89.04[ 92.07 3.39] 9546 0.00 4216 42.16] 0.00 47.67| 47.67| 234 058 1.77
2 117.90 -5.12f 112.78] 117.90  4.63| 122.53| 98.88 -3.48| 95.40| 98.88  3.89| 102.77{ 0.00 38.81] 38.81] 0.00 42.21] 42.21] 3.05 -0.80f 225
base 117.90| -5.12| 112.78] 117.90[ 4.63| 122.53[ 98.88] -3.48| 95.40] 98.88| 3.89] 102.77| 0.00[ 38.81] 38.81[ 0.00] 42.21| 42.21] 104.69 -14.01] 90.69
F1(N-S) F2 F3 F4 F5
Story Force StoryForces StoryForces StoryForces StoryForces
(kips) (kips) (kips) (Kips) (kips)
0.00 0.66( 066 568 082 650 000 035 035 129 -017| 112 196 O0.71] 267
0.00 1.85 1.85| 1376 2.03] 15.79] 0.00 053 053] 314 -047| 266 481 196 6.77
0.00 161 161 1154 177 1331 0.00 047 047 266 -042] 224 411 175 586
0.00 1.40f 1.40f 953 154] 11.08/ 0.00 041 041 222 -037] 185 344 154 499
0.00 119 119 767 131 898 000 036 036 180 -032] 148 281 134 415
0.00 099 099 594 109, 7.04 000 030 030f 140 -027] 113 221 113 335
0.00 0.80f 080 441 088 529 000 025 025 105 -0.22| 083 168 094 262
0.00 062 062 308 068 376 000 020 020 076 -0.17) 058 121 075 196
0.00 054 054 244 059 303 000 0.18f 0.18f 061 -0.16/ 046/ 099 069 168
0.00 047 047 192 051 243 000 017 017/ 051 -0.15 036 079 062 141
0.00 0.40f 0.40f 151 044] 196 0.00 0.16( 016 042 -0.14] 028 063 057 120
0.00 052 052 197 057] 254 0.00 024 024 060 -022) 038 081 079 159
0.00 11.05[ 11.05| 69.46 12.24| 81.71] 0.00 3.62 3.62| 16.45 -3.08| 13.38] 25.44 12.80( 38.24
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Total Forces Wall 1 Wall 2 Wall 3 Wall 4 Wall 5 Wall 6 F1 (E-W)
(N-S) Story Shear Story Shear Story Shear Story Shear Story Shear Story Shear StoryForces
(kips) (kips) (kips) (Kips) (kips) (kips) (kips)
roof 0.00 0.03f 0.03f 000 003} 003 000 002 002f 000 002 002 78 021 808] 1033 -041f 992| 0.00 059 0.59
pent. 0.00 0.5 0.15( 000 0.14] 014/ 0.0 010 0.10[f 000 0.11] 011 3347 167 3514| 4386 -197| 4189] 0.00 175 1.75
11 0.00 029 029 000 026] 026/ 000 019 019 000 021 0.1 5763 3.18| 60.81] 7549 -3.75| 71.74] 0.00 152 152
10 0.000 045 045 000 040/ 040 0.0 030f 030 000 033 033 8084 498 8582| 10581 -586| 99.95| 0.00 1.32| 1.32
9 0.000 0.64f 064 000 058 058 0.00 043 043 000 048] 048]102.80 7.14| 109.94]| 13441  -8.40{ 126.01] 0.00 1.13] 1.13
8 0.00 0.89 089 000 0.80] 080 0.00 059 059 000 0.66] 0.66[123.34 9.78| 133.12| 161.04 -11.49| 149.55] 0.00 0.94| 0.94
7 000 119/ 119/ 000 108 108 000 079 0.79( 000 0.89] 0.89] 142.04 13.00f 155.05( 185.05 -15.24| 169.81( 0.00 0.76] 0.76
6 0.00 157 157 000 142 142 0.00 1.05( 105 000 117 1.17|158.67 16.92| 175.59| 206.05 -19.77| 186.28/ 0.00 0.59] 0.59
5 0.00 202 202 000 183 183 0.00 135 135 0.00 151 151|172.76 21.36| 194.12| 223.17 -24.82| 198.35| 0.00 0.44| 044
4 0.000 258 258 000 234] 234 000 173 173 0.00 193] 1.93| 18457 26.21| 210.78] 236.21 -30.17| 206.04] 0.00 0.31] 0.31
3 0.00 323 323 000 292 2921 0.00 217 217 000 242 242| 19426 30.18| 224.44| 24412 -34.12| 210.00f 0.00 0.22| 0.22
2 0.00 355/ 355 000 321 321 0.00 241 241 000 2.70] 2.70] 202.11 26.91f 229.02] 244.31 -29.27{ 215.05] 0.00 0.31} 0.31
base 000 355 355 000 321 321 000 241 241 000 270 2.70|202.11 26.91| 229.02 244.31 -29.27| 215.05 0.00 9.83] 9.88
F1(N-S) F2 F3 F4 F5
Story Force StoryForces StoryForces StoryForces StoryForces
(kips) (kips) (kips) (kips) (Kips)
336 047 382 141 -058] 0.83] 223 -025( 198 114 -0.12] 102 362 050 412
797 141 938 332 -155| 1.77] 526 -041f 485 269 -036] 233 865 150( 10.15
625 123 748 262 -136| 127 417 -0.36f 380 216 -032] 184 699 134 832
488 107 595 205 -1.18/ 087 325 -032[ 294 170 -028] 142 553 118 6.71
369 091 460[f 154 -1.00] 054 247 -027( 219 130 -024] 106 426 102 528
271 076 347 113 -084] 029 180 -0.23f 157 095 -020f O.75 316 087 403
190 061} 251 079 -067( 011f 127 -0.19] 1.08/ 068 -0.17 051 227 072 299
127 047 174 052 -052( 0.00f 084 -015 069 046 -013| 033] 155 057 212
082 034 116 033 -038/ -005 054 -011f 042 030 -0.10, 0.20, 1.03 044 147
050 023 073 019 -025/ -006] 032 -0.08f 024 019 -007] 012 063 031 094
032 0.16( 048 012 -017] -005 021 -0.06f 015 013 -0.06/ 0.08 041 022 063
052 020 0.72f 017 -022] -0.04 034 -0.09[ 024 023 -008 015 0.65 0.30f 0.95
3418 7.87| 42.04| 1419 -8.72| 547| 22.69 -252| 2017 1195 -2.14] 9.80] 38.74 897 47.71
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Appendix C

Story Drift



Job No

Sheet No

Rev

& 1
h
Software licensed to Authorizes User Part
Job Title Ref
By Date20-Nov-05 chd
Client File F1-1.std Date/Time 27.Nov-2005 03:22
Node Displacement
Node L/C X-Trans Y-Trans Z-Trans | Absolute | X-Rotan Y-Rotan Z-Rotan
(in) (in) (in) (in) (rad) (rad) (rad)

2 8 5.675 0.034 0.000 5.675 0.00000 0.00000 | -0.00056
49 8 5.561 0.034 0.000 5.561 0.00000 0.00000 | -0.00108
45 8 5.334 0.034 0.000 5.335 0.00000 0.00000 | -0.00189
41 8 4.990 0.033 0.000 4.990 0.00000 0.00000 | -0.00260
37 8 4.545 0.032 0.000 4,545 0.00000 0.00000 | -0.00319
33 8 4.020 0.030 0.000 4.020 0.00000 0.00000 | -0.00364
29 8 3.435 0.027 0.000 3.435 0.00000 0.00000 | -0.00398
25 8 2.807 0.023 0.000 2.807 0.00000 0.00000 | -0.00421
21 8 2.146 0.019 0.000 2.146 0.00000 0.00000 | -0.00444
17 8 1.494 0.015 0.000 1.494 0.00000 0.00000 | -0.00449
13 8 0.853 0.011 0.000 0.853 0.00000 0.00000 | -0.00425
9 8 0.290 0.006 0.000 0.290 0.00000 0.00000 | -0.00329
1 8 0.000 0.000 0.000 0.000 0.00000 0.00000 0.00000

Print Time/Date: 21/11/2005 15:23

STAAD.Pro for Vﬂpdows Release 2002

Print Run 1 of 1




wall 1 wall 2 wall 3
Shear R Astory ATotal Shear R Astory ATotal Shear R Astory ATotal
roof 24 2.6 0.317( 9.359 25 2.6 0.327( 9.798 20 21| 0.317( 9.410
pent. 10.8 3.8] 0.662] 9.042 11.2 3.8] 0.686] 9.471 8.9 3.2 0.665| 9.093
11 19.6 5.0 0.994] 8.380 20.3 5.0 1.030| 8.785 16.2 4.1] 0.998| 8.429
10 29.0 6.8 1.198| 7.386 30.1 6.8 1.244| 7.755 24.0 5.6] 1.203] 7.431
9 39.2 9.4 1.283] 6.189 40.8 9.4 1.336| 6.511 32.4 7.7 1.289| 6.228
8 50.0 13.5| 1.260| 4.905 52.2 13.5| 1.317| 5.175 41.3 11.2| 1.267| 4.939
7 61.2 20.6 1.144| 3.645 64.2 20.6 1.200| 3.858 50.7 16.9] 1.150( 3.672
6 72.6 33.4| 0.953| 2.501 76.5 33.4| 1.005( 2.659 60.1 27.6] 0.959| 2.521
5 84.2 59.6] 0.721| 1.548 89.3 59.6] 0.765| 1.654 69.9 492 0.726( 1.562
4 95.9] 121.8| 0477 0.827( 102.6 121.8| 0.511| 0.889 79.8] 100.6|] 0.482 0.836
3 106.5( 309.1] 0.253] 0.350| 115.1( 309.1| 0.274| 0.379 89.01 256.3] 0.256| 0.354
2 112.8] 1164.6] 0.097( 0.097( 1225 1164.6| 0.105] 0.105 95.4] 976.7| 0.098( 0.098
wall 4 wall 5 wall 6
Shear R Astory ATotal Shear R Astory ATotal Shear R Astory ATotal
roof 21 21| 0.326( 9.806 8.1 209 0.129] 3.151 9.9 274 0120 2.698
pent. 9.2 3.2| 0.686] 9.480 35.1 31.3] 0.263| 3.023 41.9 41.01 0.239| 2.578
11 16.7 4.1] 1.031| 8.794 60.8 40.8| 0.378| 2.760 71.7 53.5] 0.339| 2.339
10 24.8 5.6 1.245] 7.763 85.8 54.7| 0.434( 2.382( 100.0 71.5] 0.385| 2.000
9 33.6 7.7 1.337| 6.518] 109.9 75.5] 0.442] 1.948] 126.0 98.7] 0.386| 1.615
8 43.0 11.2| 1.317| 5.182| 133.1] 108.4| 0.413| 1.507 149.5 141.6( 0.354| 1.229
7 52.9 16.9] 1.201| 3.864| 155.01 163.4| 0.357 1.094 169.8] 212.8] 0.299| 0.876
6 63.0 276 1.006] 2.663| 175.6| 262.0f 0.286( 0.736/ 186.3| 340.3| 0.232] 0.577
5 73.7 49.2| 0.766( 1.658| 194.1| 457.3] 0.208( 0.450( 198.3] 590.7] 0.163| 0.345
4 84.8] 100.6|] 0.512 0.892( 210.8| 898.0f 0.134| 0.242| 206.0] 1149.3] 0.101] 0.181
3 95.5| 256.3| 0.275] 0.380| 224.4( 2098.3| 0.072] 0.108] 210.0( 2636.8] 0.053| 0.080
2 102.8] 976.7] 0.105( 0.105[ 229.0f 6411.7] 0.036] 0.036|] 215.0] 7750.7| 0.028( 0.028
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RAM Advanse

File :
Units system . English
Date : 11/21/2005 3:13:01 PM

Analysis Results

Translations

Translations [in] Rotations [Rad]
Node > TY TZ RX RY Rz
Condition dI=Dead load
3 5.15120 0.41876 0.00000 0.00000 0.00000 0.00000

2/Pagel
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Column Spot Check
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P4 } F i,fJ f ’f Interaction diagram
HH —H = dksi
I fy = 60 ksi - h -
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Appendix E

Shear Wall Spot Check
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