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It is the intent of this report to analyze the structural design
procedures implemented when designing 500 W. Erie St.
Chicago, Illinois.

Building Description

Erie on the Park is a 25 story condominium complex on W.
Erie St. in Chicago, IL. By using steel for the main structural
system the architect on this project goes against the normal
practice of using concrete as the major structural system for a
residential high-rise building. In doing this he allows himself
greater flexibility when designing the layout of each of the
tenant spaces, and provides a strong architectural statement
with the steel chevrons punctuating the building’s facade.
The entrance to the building is through a grand lobby with a
30’ high ceiling. The next four stories are part of a parking
garage with many spaces for tenants to park their cars out of
the elements. The sixth floor has a fitness center and is the
beginning of the tenant living spaces. Floors seven through
25 are condominiums that provide a dynamic living space
and spectacular views of the Chicago skyline through the
floor-to-ceiling windows.

Structural Design Code
Chicago Building Code

Calculations

When designing elements of this building I used the ASCE-7 design guide which uses
different loadings and force distributions than the CBC. These differences account
for some of the discrepancies between the member sizes that exist and the ones that |
designed. Another reason for there to be differences is that the floor slabs were
designed to withstand a horizontal diaphragm load of 250 pLF per bay. When I
designed the floor slabs of various bays I did not take this into account. It is for these
reasons that there is a difference between the existing structural elements and those
that | designed.
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Foundation

The foundation is made-up of hardpan caissons and grade-beams. The caissons are
drilled up to a depth of 85’. This depth is required to find soil with a net bearing
pressure of 30 KSF. The caisson shaft diameters range from 30” to 54 and the bell
diameters range from 4’ to 11°. The grade beams average about 36”x60” with the
larges width being 72” and the greatest depth of 100”. The grade beams frame into
the caisson caps which have a minimum width of 6 larger than their respective
caisson and a depth of 3’. These sizes would increase to the width and depth of the
largest grade beam framing in to them. These three structural elements would have a
concrete bearing capacity of f°; = 6000 psi, and use deformed rebar in accordance
with ASTM A615.

Columns

There are concrete columns from the ground level to the third floor, an overall
elevation of 40°. These columns are either circular with a 30” diameter or rectangular
with dimensions varying from 26” to 36” on each side. The circular columns are
toward the southern end of the building where they are only framing into concrete
slabs. The rectangular columns are towards the northern end of the building and
frame into a steel mezzanine half way between the ground and second floor. The
bearing capacity of the concrete is f’c = 8000 psi.

At the third floor the concrete columns transition to steel W-shapes that continue the
remaining 250’ to the roof. The columns are ASTM A992 Grade 50 rolled W14 steel
shapes. The largest columns are W14x257 and are part of the lateral system. The
columns that are primarily part of the gravity system are W14x132’s at the third floor
down to W14x61’s supporting the roof. These columns were generally erected in two
story lifts, which are about 21°.

Floor System
The first through third floors have a two-way, flat-slab system. The first floor is slab-
on-grade and is 10” thick west of column line 4 and 12” thick east of column line 4.
The second and third levels both have 12” thick slabs with 12”x24” beams running in
the N-S direction along column lines 3 and 4 from column line E to H. The rebar in
these slabs and beams are epoxy coated and the beams are to have a capacity of ¢ =
6000 psi. The mezzanine levels and floors 4-6 have steel girders and beams with a
partially composite slab on steel deck. The beams are typically W18x35 and span
26’-4” in the E-W direction and the girders are W16x26 and span 18’-8" in the N-S
direction. The deck is 4-¥2” of normal weight concrete on 3” 18 gage comﬁosite steel
decking reinforced with 6x6xW2.1xW2.1 WWF. The seventh through 25" floors are
steel joist construction where 14K6 joists, 2’ O.C., span 26’ between W12x108 beams
that span 26°-4”. A 2” slab on 0.6C26 non-composite steel deck with
6x8XW1.4xW1.4 WWF. The roof is comprised of W21x26 beams 8’-8” O.C.
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spanning 26’ between W12x96 girders. The girders in turn span 26°-4”. On top of
the beams is a 3” 22 gage, hot dipped galvanized steel deck.

Lateral System

The lateral system between the ground level and the third level is comprised of cast-
in-place concrete shear walls with a bearing capacity of f’; = 8000 psi. There are two
27’, 18” thick shear walls running in the E-W direction. There are three running in
the N-S direction with lengths of 26°, 29°-4”, and 52 which are also 18” thick. These
walls resist the lateral loads transferred down from steel brace frames on the upper
floors. The braced frames, made up of W8 and W10 shapes, distribute the shear load
through large three story triangles as seen in the facade.

(Codes and Code chuircments

Building Code:
Chicago Building Code — Volume 1 (CBC 2000)

Referencing American National Standard Minimum Design Loads for Buildings and
Other Structures ANSI-A58.1-1982

Structural Concrete:
The American Concrete Institute (ACI 318)

Concrete Masonry:
“Building Code Requirements for Concrete Masonry Structures”
The American Concrete Institute (ACI 530)

Structural Steel:
“LRFD Specification for Structural Steel Buildings, Second Edition”
The American Institute of Steel Construction (AISC-LRFD)

Live Loads ASCE-7 Ch4
Ground Floor: 100 psF
Parking 50 PsF
Residential Floors

Units 40 pSF
Partitions 15 PSF
Corridors 40 pPSF
Roof 25 pSF + Drift
MOORE
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Dead Loads

Metal Deck 2-3 PSF From Deck Catalogs
Reinforced Concrete 150 psF
Steel Joists 8 PLF From Joist Catalog
Steel Beams Various From LRFD
Superimposed Loads ASCE-7 Commentary Ch 3
Ground Floor 25 PSF
Parking 8 PSF
Residential Floors
Units 13 PSF
Corridors 13 PSF
Roof 17 pSF

Lateral Loads
Wind ASCE-7 Ch6
The wind pressures in the table below are due to the fact that this building is a flexible
structure in an exposure category C.

Wind Ward Leeward Taotal

MN-5 E-wW MN-5 E-wW MN-5 E-W

0-15 12.12 12.12 -14 06 -1D.45 26.18 22.59

20 12.83 12.83 -14 06 -10.47 26.590 23.30

25 13.40 13.40 -14 .06 -10.47 27 47 23.87

30 12.97 13.97 -14.0G -10.47 25.04 24.44

40 1483 1483 -14 06 -10.47 25.89 25.30

50 1554 15.54 -14.06 -10.47 29.61 26.01

60 16.11 16.11 -14.0G -10.47 30.13 2653

70 1668 1668 -14 06 -10.47 30.75 27.15

30 17.25 17.25 -14.06 -10.47 31.32 27.72

90 1768 17.68 -14 06 -10.47 31.75 28.15

100 17.97 17.97 -14 06 -10.47 32.03 28.44

120 18.65 15.65 -14.06 -10.47 3274 29.15

140 19.39 19359 -14 06 -10.47 33.48 29.86

160 19.52 19.52 -14.06 -10.47 33.88 30.29

150 20.39 2039 -14.0G -10.47 34.45 30.58

200 2082 2082 -14 .06 -10.47 3488 31.29

250 21.82 21.82 -14.06 -10.47 35.88 32.29

300 2267 22.67 -14.0G -10.47 36.74 33.14

350 2339 2339 -14.06 -10.47 3745 33.86

400 2410 24.10 -14.06 -10.47 3518 34.57

450 24 BT 24 67 -14 06 -10.47 35.73 35.14

500 2524 2524 -14.06 -10.47 39,30 35.71

290 2250 2250 -14 06 -10.47 26.57 32.97

Table 5.1 Wind Pressure Distribution
Base Shear:
N-S Direction 735.2 kips
E-W Direction 1075.6 Kkip
Overturning Moment:
N-S Direction 117240 ft-kip
E-W Direction 172280 ft-kip
MOORE
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Seismic Loads ASCE-7 Ch9
Since the building was a seismic design category A, | was able to use the simplified
analysis procedure to determine the shear distribution found in the table below.

Shear
Floor Height Area Weight Distribution

(ft) (ft%) (kip) (Kip)

Roof 2915 3100 248.0 8.75

25 274 .58 5442 462 6 12.58

24 263.58 7622 £47.0 17 62

23 252.92 5534 470.4 12.79

22 24225 5534 470.4 1279

21 231.58 G558 565.0 1539

20 220.92 G658 565.4 15.39

19 210.25 GB58 565.4 15.39

18 199 58 8230 784 6 21.34

17 188.92 6230 7846 21.34

16 178.25 8230 784 6 21.34

15 167.58 6230 7846 21.34

14 156.92 8230 784 6 21.34

13 145.25 5230 784.6 21.34

12 135.58 9230 784 6 21.34

11 12492 5230 784 6 21.34

10 114.25 9230 784 6 21.34

g 103.58 5230 784 6 21.34

§2.92 9230 784 6 21.34

7 82.25 5230 784 6 21.34

6 71.58 5230 923.0 25.11

5 50.00 8230 923.0 2511

4 50.00 9230 923.0 25.11

3 40.00 89230 1476.8 4017

2 2975 9230 1476.8 4017

1 - Ground 0.00 89230 1615.3 0.00
213346 19134.2 52045

Table 5.2 Seismic Shear Distribution
Base Shear 520.5 kip
Overturning Moment 70030 ft-kip
Earth ASCE-7 Ch5b5

This building does not have a basement level where there would be lateral earth
pressure on a foundation wall or similar element.

Snow Loads ASCE-7 Ch7

Other
This building has not been designed for any other loading schemes, ie explosive,
blast, anti-terrorism, etc. that | am aware of.

5Pot~Chcc‘<s

Through doing the spot checks | have noticed that most of the structural components in
this building are larger than the components I designed under the given loading schemes.
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I believe that there are a number of reasons specific to each structural system as to why |
was designing smaller structural elements. When designing the floor slabs my designs
were significantly smaller than those that are existent in the building. This is because the
design engineer also designed the floor slabs to resist a diaphragm force per bay width of
250 PLF, a loading scenario | did not take into account. Using the loads of he slabs that
are actually used in the building and the assumption that there was a 14” limit on the
beam depth, I was able to get the same size beams and joists. When considering the
loads on the columns, | neglected any residual moment that lateral forces or live load
pattern loading would cause and that’s the reason my column designs are smaller than the
actual columns. When calculating the wind force the CBC uses a different distribution of
lateral forces and that’s why there is discrepancy between the size of the actual brace and
the one | designed. | also did not consider torsional effects or the flexibility of lower
floors.

Some of the systems in this building that | will need to check are the foundation, cladding
system, and roof. The foundation will have to be designed for bearing, possible up lift
due to high water tables, and tension from the lateral systems. The cladding system will
have to be designed to withstand both internal and external pressures and projectiles that
could become airborne in high winds. | will also have to consider roof uplift and snow
drift.
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APPcndix

Al: Floor Plan
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A2: Wind Loads

|Wind LoadAnaleis |

Building Properties Period Parameters Flexible
B (ft) 79.33 Struct. Type |Other Or 411
L (ft) 130 Table 9.5.5.3 Cy 0.020 Rq 0.054
h {ft) 290 X 0.750 Ny 448
Figure 6.4 Kat 1 T 1.4085 T 8.57
Table 6.4 Ka 0.85 Natural f 07115 Ne 0.030
V (mph) 90 Rigidity Flex ML 12.85
Table 1.1 | Importance m Rn 0.110
Table 6.1 Ly 1.15 Rigid Rs 0.981
Exposure = 9=y 34 R, 0.075
Table 6.2 o 0.5 H 174 Vs 110.81
Table 6.2 I 00 ls 0.1518 B 0.05
Tahle 6.2 Zmin 174 Lz 697.2316 R 0.26
Table 6.2 c 0.200 Q 0.8385 Gy 0.8794
Table 6.2 (= 0.200 G 0.8553
Table 6.2 [ 500
Table 6.2 [ 0.650 Sewar
Table 52 a 0.154 Figure 6.6 Direction | Ratio Cp
Table 6.2 a 0.105 Figure 6.6 N-5 0.610 -0.50
Tahle 6.2 b 1.000 Figure 6.6 E-W 1.63% -0.37
Pressure COBMCIENTS Pressures Rigid Flexible
Internal Windward N-5 Pz 0684 0.704
Enc. Type |Enclosed E-W Pz 0.684 0.704
Figure 6.5 | Internal (GG | o1a [+ Leeward N-5 P -0.428 -0.440
E-W Pn 0318 | 0327
K:and g Wind Ward Leeward Tatal
Z{ft) Kz Oz N-5 E-W N-5 E-W N-5 E-W
0-15 085 1723 0-15 1212 1212 -14.06 -10.47 26.18 2258
20 0.90 18.24 20 12.83 12.83 -14.06 -10.47 26.90 23.30
25 0.94 19.05 25 13.40 13.40 -14.06 -10.47 2747 23.87
30 0498 19.86 30 13.97 13.97 -14.06 -10.47 28.04 2444
40 1.04 21.08 40 14.83 14.83 -14.06 -10.47 28.80 25.30
50 1.09 22.09 50 15.54 15.54 -14.06 -10.47 29,61 26.01
60 1.13 22.90 60 16.11 16.11 -14.06 -10.47 30.18 26.58
70 117 2372 70 16.68 16.68 -14.06 -10.47 30.75 2715
an 1.21 2453 a0 17.25 17.25 -14.06 -10.47 31.32 27.72
90 1.24 2513 90 17.68 17.68 -14.06 -10.47 N7s 28.15
100 1.26 2554 100 17.97 17.97 -14.06 -10.47 32.03 28.44
120 1.3 26.55 120 18.68 18.65 -14.06 -10.47 3274 2015
140 1.36 2757 140 19.39 18.34 -14.06 -10.47 3346 20.86
160 139 2817 160 19.82 19.82 -14.06 -10.47 33.88 30.20
180 143 28.99 180 20.39 20.39 -14.06 -10.47 3445 30.86
200 1.48 2059 200 20.82 20.82 -14.06 -10.47 3488 31.29
250 1.53 3.0 250 21.82 21.82 -14.06 -10.47 35.88 3228
300 1.58 3223 300 22.67 22.67 -14.06 -10.47 36.74 33.14
350 1.64 3324 350 23.39 23.39 -14.06 -10.47 3745 33.86
400 1.68 3428 400 2410 24.10 -14.06 -10.47 3816 457
450 173 3507 450 2467 24 67 -14.06 -10.47 _73 3514
500 1.77 35.88 500 25.24 25.24 -14.06 -10.47 39.30 35.71
290 15782 31.99 290 22.50 22.50 -14.06 -10.47 36.57 32.97
MOORE
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Pressure per Floor
Wind War Teeward Tora tory Force Cumm

Floor| Height [Trib Heighf] M-S E-W M-5 E-W M-5 E-W N-5 E-W M-5 E-W N-5 E-W
(f) (ff) (PSF) (PSF) (PSF) (PSF) (PSF) (PSF) (kip) (kip) (kip) (kip) (f-kip) (f-Kkip)
1-Ground| 0.00 0 0 0 0 0 0 0 0 0 73523 10v5.62] 117243 172283
2| 2995 20.00 14.40 14.40 -14.06 -1047 28.47 24.87 4516 64.67 73523 107582 1344 1924

3| 40.00 1013 1519 15.19 -14.06 -1047 20.25 2566 2349 3377 690.06 940 1351

4| 50.00 10.00 1583 15.83 -14.06 -1047 20.80 25.30 2371 3419 65657 977.18 1186 1708

5| 60.00 10.79 16.40 16.40 -14.06 -1047 3046 26.87 26.08 37.69 642.86 943.00] 1565 2262

6| 71.58 11.13 16.97 16.97 -14.06 -10.47 31.03 27.44 27.39 30.68 616.78 905.30] 1960 2841

7| B82.25 10.67 17.47 17.47 -14.06 -1047 31.53 27.94 26.68 3874 5589.39 365.62 2195 3186

4| 8282 10.67 17.82 17.82 -14.06 -1047 31.80 28.20 26.98 30.24 562.71 826.88 2507 3646

9| 10358 1067 18.44 18.44 -14.06 -1047 32.51 28.91 2751 40.09 53573 787.64 4153
10 11425 18.68 18.68 -14.06 -1047 32.74 2015 2771 4042 508.22 T47.55 4618
11| 12492 19.39 19.39 -14.06 -1047 3346 20.86 28.31 41.41 430.51 707.13 5173
12| 135.58 19.39 19.39 -14.06 -1047 33.46 20.86 26.98 3947 452.20 665.72 5351
13| 14525 19.82 19.82 -14.06 -1047 33.88 30.28 2867 42.00 42522 626.25 5101
14| 156.92 19.82 19.82 -14.06 -1047 33.88 30.29 30.02 4397 396.55 584.24 6300
15| 167.58 20.39 20.39 -14.06 -1047 3445 30.86 20.16 4279 366.53 540.27 7172
16| 178.25 20.53 20.53 -14.06 -1047 34.60 31.00 2028 4299 337.38 497 47 7663
17| 185.82 20.82 20.82 -14.06 -1047 34.88 31.28 20.52 43.39 306.10 454.48 8197
18| 18958 2132 21.32 -14 06 -1047 3538 31.79 2694 4408 27858 411.05 8798
19 210.25 21.82 21.82 -14.06 -1047 35.88 3229 3035 4477 248.64 367.01 9413
20| 22092 21.82 21.82 -14.06 -1047 35.88 3220 3036 4477 218.28 322.24 9301
21| 23158 21.82 21.82 -14.06 -1047 35.88 32.29 30.36 4477 187.92 27747 7031 10368
22| 24225 21.82 21.82 -14.06 -1047 35.88 32.28 30.36 4477 157.56 232.70 7355 10846
23| 25292 22.27 2227 -14.06 -1047 36.34 3274 3075 4540 127.20 187.93) 7777 11484
24| 263.58 22.50 22.50 -14.06 -1047 36.57 297 3142 46.44 06.45 142.52] 8283 12240
25| 274.58 22.50 22.50 -14.06 -1047 36.57 297 4049 50.83 65.02 96.09) 11118 168428
Roof|f 2915 22.50 22.50 -14.06 -1047 35.57 32.97 24.54 36.26 24 .54 36.26 7152 10568

= X
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A3: Seismic Loads

Location Chicago, IL
Number of floors: N 25
Building Height: h, 291.5
Inter-story height h, 10
Occupancy Category Il
Seismic Category I |
Importance Factor 1
Site Class B
S, 017
Sy 0.07
F. 1.0
F, 1.0
Sue 017
S 0.07
Sos 0.113
S 0.047
Design Category A

Can use simplified analysis procedure.

Design Parameters:

Response Maodifier R 5
Q, 2
Cy 4.5
p 1.0
Natural Period T 1.408
T, 0.082
T, 0412
Seismic Base Shear Vo=1.25,5"WIR 52045
Weights:
Dead Loads:
Slab/Deck Beams/joists Superimposed Total
Roof 50 10 20 80
7-25 40 15 15 70
48 a0 10 10 100
2-3 150 N/A 10 160
Ground 150 N/A 25 175
Live Loads:
Grond Floor 100
Parking a0
Residential Units 40 Dwelling
15 Partition
Corridors 40
Balconies 40

Roof 25 + Drift

MOORE
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Shear |Overturning|Cumulative| Cumulativ
Floor Height Area Weight Distribution| Moment Shear | e Moment
(ft) (ft™) (kip) (kip) (ft-kip) (kip) (ft-kip)
Roof 2015 3100 248.0 6.75 1966.3 6.75 1966.34
25 27458 5442 462.6 12.58 3454 8 19.33 5421.12
24 263.58 7622 647.9 17.62 4644.9 36.95 10066.01
23 25292 5534 470.4 12.79 3236.0 4974 13301.98
2 24225 5534 470.4 12.79 3099.5 62.54 16401.47
21 231.58 6658 565.9 15.39 3564.8 7793 19966.30
20 220.92 6658 565.9 15.39 3400.6 93.33 23366.94
19 21025 6658 565.9 15.39 32364 108.72 | 26603.38
18 199.58 9230 7846 21.34 42591 130.06 | 3086244
17 188.92 9230 784 6 21.34 40314 15140 | 3489387
16 178.25 9230 784.6 21.34 3803.8 172.74 | 3869769
15 167.58 9230 784.6 21.34 3576.2 194.08 | 42273.87
14 1956.92 9230 784.6 21.34 3348.6 21542 | 45622.44
13 145.25 9230 784.6 21.34 3099.6 236.76 | 48722.04
12 135.58 9230 784.6 21.34 2893.3 25810 | 51615.35
11 124.92 9230 784.6 21.34 2665.7 27944 | 54281.04
10 114.25 9230 784.6 21.34 2438.1 300.78 | 56719.11
9 103.58 9230 784 6 21.34 22104 32212 | 5892956
92.92 9230 784 6 21.34 1982.8 34346 | 60912.38
7 82.25 9230 784 6 21.34 1755.2 364.80 | 6266757
G 71.58 9230 923.0 25.11 17971 389.90 | 64464.71
5 60.00 9230 923.0 25.11 1506.3 415.01 | 85971.05
4 50.00 9230 923.0 25.11 12553 44011 | 67226.33
3 40.00 9230 1476.8 40.17 1606.8 480.28 | 68833.09
2 2075 9230 1476.8 40.17 1195.0 52045 | 70028.11
1 - Ground 0.00 9230 1615.3 0.00 0.0 52045 | 70028.11
213346 191342 520.45 70028.1
MOORE
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A4: Spot Checks
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Roof Live Load:

Column Check

Live Load Reduction

DL 80 DL 70
Lo 50 Lo 40
N-S Span 26 N-S Span 26
E-W Span 26.33 E-W Span 26.33
A 684 .58 At 684 58
R1 1 K|_|_ 4
R, 1
Lo Dead AT ) Live Live Load | Dead Load| Total Load
- _ Reduction ) ] o
Column Below (PSF) (PSF) (ft2) (PSF) (kip) (kip) (kip)
Roof] 50 80 684 .58 1.000 50 342 548 120.5
Floor 25 40 70 684 .58 0.537 2147 147 102.7 146.7
24 40 70 1369.16 0.453 18.11 24.8 150.6 2204
23 40 70 205374 0.415 16.62 341 198.5 2028
22 40 70 2738.32 0.393 16.00 438 246.4 365.8
27 40 70 34229 0.378 16.00 548 294 4 440.9
200 40 70 4107 .48 0.367 16.00 65.7 3423 5159
1 9| 40 70 4792.06 0.358 16.00 76.7 390.2 590.9
18] 40 70 5476.64 0.351 16.00 876 438.1 666.0
17 40 70 6161.22 0.346 16.00 98.6 486.1 741.0
16] 40 70 68458 0.341 16.00 109.5 534.0 816.0
15 40 70 7530.38 0.336 16.00 1205 581.9 891.0
14 40 70 8214 .96 0.333 16.00 1314 629.8 966.1
13) 40 70 8899 .54 0.330 16.00 142 .4 677.7 10411
12 40 70 9584 .12 0.327 16.00 153.3 7257 1116.1
11 40 70 10268.7 0.324 16.00 164.3 7736 1191.2
100 40 70 10953.28 0.322 16.00 175.3 821.5 1266.2
9| 40 70 11637.86 0.320 16.00 186.2 869.4 1341.2
| 40 70 12322 .44 0.318 16.00 197.2 917.3 1416.3
7 40 70 13007 .02 0.316 16.00 2081 9653 1491.3
6 50 100 13691.6 0.314 20.00 2738 1033.7 1678.6
5 50 100 14376.18 0.313 20.00 2875 1102.2 1782.6
4 50 100 15060.76 0.311 20.00 301.2 1170.6 1886.7
3 50 160 15745 .34 0.310 20.00 3149 1280.2 2040.0
2 50 160 16429 92 0.309 20.00 3286 13807 21934

Table A4.1 Column Axial Loads
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