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Introduction

The main goal involved performing a literature review and carrying out analytical

analysis and calculations to create a comprehensive design for the hospitality facility. As part of

this project, we completed the architectural, structural, geotechnical, and environmental design

for a high-rise hotel. The project's ultimate aim was the creation of a 16-story hotel building in a

strong wind environment.

The project’s specific objectives include:

1. Structural and Architectural:

a.

Incorporate LEED principles for sustainable building design, construction,
operation, and performance. Conduct a life cycle cost analysis using Life-365
software and account for corrosion.

Evaluate internal forces, drift, and deflections using design software validated by
manual calculations.

Plan member design, joint design, serviceability design, and structural detailing
using design software confirmed by manual calculations.

Create detailed construction drawings for structural components.

Select appropriate materials based on project requirements and sustainability

standards.

2. Environmental:

a.
b.

C.

Select waste management option and estimate its potential
Design Waste collection plan

Build an integrated solid waste management plan

3. Geotechnical

a.

C.

d.

Determine the axial bearing capacity and settlement analysis of the foundation
using design software, validated by manual calculations.

Design the foundation in detail, specifying thickness, depth, strength, and
reinforcement, utilizing design software and confirming with manual calculations.
Develop a comprehensive construction procedure for foundation installation.

Create detailed geotechnical drawings, including foundation specifications.

4. Construction Management

11



a. Ensure that project will execute successfully through proper planning of budget,
time and resources

b. Divide the scope of the work into smaller and manageable structures by using
WBS

c. Assess, monitor and mitigate all the risks of the project

d. Provide the safety environment on the project

e. Ensure the high quality of materials, services, activities during the project

execution

1. Structural part

From the Capstone I we have selected the materials and assigned the loads on the frame.

In table 1-1, list significant loads per story .

Table 1-1. Loads used for SAP2000

Exterior walls
Slab DL (kPa) LL (kPa) UDL (kN/m)
1-2 floors 7.031586 4.79 6.17
3-16 floors 6.588244 1.92 5.00
roof 3.85725 0.96 2.00
elevator roof [4.71425 0.96 0

1.1. Lateral drift analysis and check under wind and seismic loads

For calculations of drift, frame 3B was considered. The frame is shown in Figure 1-1.

12



Figure 1-1. Layout of Frames
The constant parameters are shown in Table 1-2.

Table 1-2. The constant parameters

m E (kPa Beam Size 4 L (m
(kPa) 1 (m" , (m)

8 3.00E+07 600x300 0.0054 5

, where

m - number of spans
E - modulus of elasticity of the concrete members
I , - moment of inertia of the beam

L b length of the beam

Also, column sizes and heights vary by the floors. For the first 4 floors, column sizes
are 750 x 750 mm. For 5th-8th floors it is 650 x 650 mm. Then it changes to 500 x 500 mm.
And the top 4 floors have columns with dimensions 350 x 350 mm. The heights for the 1st and

2nd floors are 4.2 m, and for other typical floors are 3.5 m.

1.1.1. SAP2000 Wind drift check

The ASCE 7-16 standard does not provide a specific drift limit for wind design like it
does for seismic design. However, the non-mandatory Appendix CC (Serviceability
Considerations) of ASCE 7-16 mentions that typical building design uses drift limits ranging
from 1/600 to 1/400 of the building or story height without going into further detail. Common

13



wind drift limits vary from H/100 to H/600 for total building drift and h/200 to h/600 for
interstory drift, depending on the building type and the cladding or partition materials used. The
most common drift limits are H (or h)/400 to H (or h)/500, according to the ASCE Task
Committee on Drift Control of Steel Building Structures, 1988.

Therefore, in order to check the building for lateral drift due to wind, the absolute
displacement of each floor was taken from the SAP2000. Then the interstory displacement was

calculated and both interstory and absolute values were checked with 1/400H (h).

Aallow(absolute) =700 = 100 = 143.5mm
, h 3500
Aallow(mterstory) =700 = "200_ = 8-75mm
. . . . . . . . . . . . . . . . .
T 3¢ Joint Displacements *
Joint Object 409 Joint Element 409
1 Zz 3
Trans 0.04513 3.990E-04 5.997E-04
Rotn -T.495E-06 1.985E-04 -1.995E-05

Figure 1-2. 3B frame displacement due to wind
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Trans
Rotn

Joint Object 121

:x: Joint Displacements

1

0.00542
-5.83TE-04

Joint Element 121
2
0.11896
1.675E-05

0.00133
-0.00222

Figure 1-3. 9A frame displacement due to wind

Table 1-3. Frame 3B and 9A displacement

Frame 3B Frame 9A
Displacement (mm) | delta interstory (mm) [ Displacement (mm) delta interstory (mm)
45 1 118.9 7.5
44 1 111.4 6.3
43 2 105.1 8.5
41 3 96.6 7.4
38 2 89.2 7.6
36 5 81.6 8.1
31 3 73.5 6.5
28 3 67 8.2
25 4 58.8 6.2
21 3 52.6 7.3
18 4 453 7.7
14 4 37.6 8.1
10 4 29.5 6.4
2 23.1 7.8
2 15.3 7.2
2 8.1 8.1

15




1.1.2. SAP2000 Seismic drift check

Allowable drift for ACI code is 2%. Also, the obtained displacement must be multiplied
by a factor Cd = 5.5.

|
D —— —— —
i e - —
| I
f— p— S— —
E Joint Displacernents >
Joint Object 121 Joint Element 124
1 2 3 "_T
Trans 0.00218 0.02433 3.148E-04
Rotn -1.627E-04 1.102E-05 2423E-04
———4

Figure 1-4. 9A frame displacement due to seismic loads
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Table 1-4. Frame 9A drift due to seismic loads

Displacement (mm) | delta interstory (mm) | factored displacement (mm) | drift (%)
24 1 5.5 0.16%
23 1 5.5 0.16%
22 1 5.5 0.16%
21 1 5.5 0.16%
20 2 11 0.31%
18 1 5.5 0.16%
17 2 11 0.31%
15 2 11 0.31%
13 2 11 0.31%
11 1 5.5 0.16%
10 2 11 0.31%
8 2 11 0.31%
6 2 11 0.31%
4 2 11 0.31%
2 1 5.5 0.16%

1 1 5.5 0.16%
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[ ]
]

]
[ ]
b

D:c Joint Displacements
H

:::{ .
n Joint Object 409 Joint Element 409
1 2 3
Trans 0.02281 0.00146 3.35TE-04
T Rotn -1.216E-05 1.370E-04 _7.292E-05
ks =
| ' |
| r l [
! ! r'

Figure 1-5. 3B frame displacement due to seismic loads
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Table 1-5. Frame 3B drift due to seismic loads

factored
Displacement | delta interstory | displacement
(mm) (mm) (mm) drift (%)
23 1 5.5 0.16%
22 1 5.5 0.16%
21 1 5.5 0.16%
20 2 11 0.31%
18 1 5.5 0.16%
17 1 5.5 0.16%
16 2 11 0.31%
14 2 11 0.31%
12 1 5.5 0.16%
11 2 11 0.31%
9 2 11 0.31%
7 1 5.5 0.16%
6 2 11 0.31%
4 2 11 0.31%
2 1 5.5 0.16%
1 1 5.5 0.16%

1.2. Internal force (M, N, V) analysis under all possible loads for all structural members

For the internal force analysis one row of external columns, one row of internal columns,
one row of longitudinal beams, and one row of transverse beams were chosen, as shown in figure
1.6 below. The values were taken from SAP2000 under UDCON2, which is 1.2DL+1.6LL, and
shown in tables 1.6-1.10.
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Table 1-6. Exterior column of Frame 5A under 1.2*DL+1.6*LL

Frame SA | Station P V2 V3 T M2 M3
Floor m KN KN KN KN-m KN-m KN-m

1 0] -4975.15| -8.87E-13 -31.931| -3.50E-15 -41.8078| -4.23E-12
4.2 -4878.955( -8.87E-13 -31.931| -3.50E-15 92.3024( -5.01E-13

2 0] -4542.106] -9.27E-13 -44.195| -6.00E-15| -109.4085| -2.76E-12
42| -4445912] -9.27E-13 -44.195| -6.00E-15 76.2085| 1.13E-12

3 0] -4188.462| -9.72E-13 -37.133| -5.30E-15 -64.5918| -1.93E-12
3.5 -4108.3] -9.72E-13 -37.133| -5.30E-15 65.3751 1.48E-12

4 0] -3848.97| -1.00E-12 -48.517| -4.28E-15 -80.9397| -1.84E-12
3.5 -3768.808| -1.00E-12 -48.517| -4.28E-15 88.8684 1.67E-12

5 0] -3508.045] -9.97E-13 -37.871 -9.79E-16 -61.4879| -1.73E-12
3.5| -3452.377| -9.97E-13 -37.871 -9.79E-16 71.0583 1.76E-12

6 0] -3190.026| -1.04E-12 -46.878| 5.86E-16 -83.4535| -1.82E-12
3.5 -3134.358| -1.04E-12 -46.878| 5.86E-16 80.6198( 1.84E-12

7 0] -2869.769| -1.04E-12 -45.073 1.54E-15 -80.7171| -1.76E-12
3.5] -2814.101| -1.04E-12 -45.073 1.54E-15 77.0383 1.86E-12

8 0] -2547.391| -1.07E-12 -55.962| 3.02E-15 -90.8002| -1.80E-12
3.5| -2491.723] -1.07E-12 -55.962| 3.02E-15| 105.0661 1.95E-12

9 0] -2224.475] -9.61E-13 -40.15 1.76E-15 -63.6602| -1.61E-12
3.5| -2188.848| -9.61E-13 -40.15 1.76E-15 76.8657| 1.75E-12

10 0] -1921.79] -9.85E-13 -50.7111  2.02E-15 -89.6456| -1.67E-12
3.5| -1886.163| -9.85E-13 -50.7111  2.02E-15 87.8423 1.78E-12

11 0] -1616.884] -9.00E-13 -48.063| 2.31E-15 -85.6061| -1.54E-12
3.5| -1581.257| -9.00E-13 -48.063| 2.31E-15 82.6136| 1.61E-12

12 0] -1309.81] -9.97E-13 -61.094| 3.05E-15 -97.7505| -1.56E-12
3.5 -1274.183] -9.97E-13 -61.094| 3.05E-15| 116.0799| 1.93E-12

13 0] -1004.87| -7.18E-13 -35.724| 2.29E-15 -55.7695| -1.21E-12
3.5 -984.83| -7.18E-13 -35.724| 2.29E-15 69.2648( 1.30E-12

14 0] -721.097| -6.24E-13 -45.3| 2.14E-15 -80.2658| -1.07E-12
3.5 -701.057| -6.24E-13 -45.3] 2.14E-15 78.2842( 1.12E-12

15 0 -435.211] -5.10E-13 -45.847| 2.26E-15 -78.8475| -8.37E-13
3.5 -415.171| -5.10E-13 -45.847| 2.26E-15 81.6163( 9.47E-13

16 0] -149.925] -3.46E-13 -38.297| 5.57E-15 -72.4771| -6.27E-13
3.5 -129.885| -3.46E-13 -38.297| 5.57E-15 61.562| 5.82E-13
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Table 1-7. Interior column of Frame 5A under 1.2*DL+1.6*LL

Frame SA | Station P V2 V3 T M2 M3
Floor m KN KN KN KN-m KN-m KN-m

1 0] -6696.52] -8.77E-13 0.761| -3.50E-15 1.8423] -4.20E-12
4.2 -6631.78| -8.77E-13 0.761| -3.50E-15 -1.3532] -5.19E-13

2 0] -6352.21] -9.27E-13 -0.808| -6.00E-15 -1.473( -2.75E-12
4.2 -6301.36| -9.27E-13 -0.808| -6.00E-15 1.9194] 1.15E-12

3 0] -6094.169| -9.45E-13 -4.367| -5.30E-15 -0.2818] -1.91E-12
3.5] -6014.008| -9.45E-13 -4.367| -5.30E-15 6.004| 1.40E-12

4 0] -5603.922] -9.42E-13 -6.501| -4.28E-15 -11.4969| -1.72E-12
3.5 -5523.76| -9.42E-13 -6.501| -4.28E-15 11.25721 1.57E-12

5 0] -5114.959] -9.38E-13 -6.364| -9.79E-16 -11.0673| -1.65E-12
3.5] -5059.291] -9.38E-13 -6.364| -9.79E-16 11.2072] 1.63E-12

6 0] -4651.832] -9.29E-13 -9.354|] 5.86E-16 -16.9061| -1.63E-12
3.5| -4596.164| -9.29E-13 -9.354|] 5.86E-16 15.8316] 1.62E-12

7 0] -4190.71] -9.55E-13 -10.71 1.54E-15 -19.4467| -1.59E-12
3.5| -4135.042] -9.55E-13 -10.71 1.54E-15 18.0386| 1.76E-12

8 0 -3731.5] -1.02E-12 -14.601 3.02E-15 -24.014] -1.72E-12
3.5 -3675.832] -1.02E-12 -14.601| 3.02E-15 27.0891 1.83E-12

9 0] -3272.74] -9.40E-13 -10.51 1.76E-15 -17.0153| -1.57E-12
3.5| -3237.113] -9.40E-13 -10.51 1.76E-15 19.7705| 1.72E-12

10 0] -2833.743] -9.78E-13 -14.073| 2.02E-15 -24.6286| -1.66E-12
3.5 -2798.115| -9.78E-13 -14.073| 2.02E-15 24.6285( 1.77E-12

11 0] -2396.766] -9.86E-13 -15.05] 2.31E-15 -26.4957| -1.63E-12
3.5 -2361.139] -9.86E-13 -15.05] 2.31E-15 26.1793 1.82E-12

12 0] -1961.788| -1.10E-12 -19.343|  3.05E-15 -31.4232| -1.79E-12
3.5 -1926.161| -1.10E-12 -19.343|  3.05E-15 36.2774| 2.06E-12

13 0] -1524.829| -7.70E-13 -9.282|1 2.29E-15 -15.1395| -1.28E-12
3.5| -1504.789| -7.70E-13 -9.282|1 2.29E-15 17.346] 1.42E-12

14 0] -1098.225| -7.64E-13 -11.608| 2.14E-15 -20.0303| -1.28E-12
3.5| -1078.184| -7.64E-13 -11.608| 2.14E-15 20.5979]1 1.39E-12

15 0] -673.684] -6.59E-13 -12.29]  2.26E-15 -21.316] -1.12E-12
3.5 -653.643| -6.59E-13 -12.29]1 2.26E-15 21.6982( 1.18E-12

16 0] -248.662| -4.62E-13 -10.314| 5.57E-15 -18.954] -8.36E-13
3.5 -228.621| -4.62E-13 -10.314| 5.57E-15 17.1457| 7.80E-13
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Table 1-8. Longitudinal beams internal force analysis under 1.2*DL+1.6*LL

Longitudinal
beams Station V2 T M3
ID m KN KN-m KN-m
589 0 -95.39 -44.84 -104.69
589 1 -81.061 -44.8375 -16.4598
589 2 -66.73 -44.8375 57.4357
589 3 64.599 43.7858 58.5468
589 4 78.931 43.7858 -13.2179
589 5 93.262 43.7858 -99.3142
590 0 -94.511 -44.3023 -103.4255
590 1 -80.179 -44.3023 -16.0808
590 2 -65.847 -44.3023 56.9324
590 3 65.474 44.2895 57.1279
590 4 79.805 44.2895 -15.5117
590 5 94.137 44.2895 -102.4828
591 0 -94.386 -44.3621 -103.0604
591 1 -80.055 -44.3621 -15.8401
591 2 -65.723 -44.3621 57.0487
591 3 65.708 44.3595 57.0585
591 4 80.039 44.3595 -15.8152
591 5 94.371 44.3595 -103.0204
592 0 -94.379 -44.3638 -103.045
592 1 -80.048 -44.3638 -15.8315
592 2 -65.716 -44.3638 57.0505
592 3 65.717 44.3636 57.0505
592 4 80.048 44.3636 -15.832
592 5 94.38 44.3636 -103.0461
593 0 -94.38 -44.3636 -103.0461
593 1 -80.048 -44.3636 -15.832
593 2 -65.717 -44.3636 57.0505
593 3 65.716 44.3638 57.0505
593 4 80.048 44.3638 -15.8315
593 5 94.379 44.3638 -103.045
594 0 -94.371 -44.3595 -103.0204
594 1 -80.039 -44.3595 -15.8152
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594 2 -65.708 -44.3595 57.0585
594 3 65.723 44.3621 57.0487
594 4 80.055 44.3621 -15.8401
594 5 94.386 44.3621 -103.0604
595 0 -94.137 -44.2895 -102.4828
595 1 -79.805 -44.2895 -15.5117
595 2 -65.474 -44.2895 57.1279
595 3 65.847 44.3023 56.9324
595 4 80.179 44.3023 -16.0808
595 5 94.511 44.3023 -103.4255
596 0 -93.262 -43.7858 -99.3142
596 1 -78.931 -43.7858 -13.2179
596 2 -64.599 -43.7858 58.5468
596 3 66.73 44.8375 57.4357
596 4 81.061 44.8375 -16.4598
596 5 95.393 44.8375 -104.6869
Table 1-9. Transverse beams internal force analysis under 1.2*DL+1.6*LL
Transverse
beams Station V2 T M3
ID m KN KN-m KN-m
633 0 -113.521 1.40E-16 -113.262
633 0.5 -94.713 1.40E-16 -61.2037
633 1 -75.904 1.40E-16 -18.5494
633 1.5 -57.096 1.40E-16 14.7006
633 2 -38.288 1.40E-16 38.5466
633 2.5 -19.479 1.40E-16 52.9884
633 3 -0.671 1.40E-16 58.026
633 35 18.137 1.40E-16 53.6596
633 4 36.945 1.40E-16 39.8889
633 4.5 55.754 1.40E-16 16.7142
633 5 74.562 1.40E-16 -15.8647
633 5.5 93.37 1.40E-16 -57.8477
633 6 112.178 1.40E-16 -109.2349
634 0 -112.792 -2.04E-17 -112.6995
634 0.5 -93.984 -2.04E-17 -61.0056
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634 1 -75.175 -2.04E-17 -18.7159
634 1.5 -56.367 -2.04E-17 14.1697
634 2 -37.559 -2.04E-17 37.6512
634 2.5 -18.751 -2.04E-17 51.7285
634 3 0.058 -2.04E-17 56.4017
634 3.5 18.866 -2.04E-17 51.6707
634 4 37.674 -2.04E-17 37.5356
634 4.5 56.483 -2.04E-17 13.9964
634 5 75.291 -2.04E-17 -18.947
634 5.5 94.099 -2.04E-17 -61.2945
634 6 112.907 -2.04E-17 -113.0461
635 0 -112.035 6.78E-16 -108.8075
635 0.5 -93.226 6.78E-16 -57.4922
635 1 -74.418 6.78E-16 -15.5811
635 1.5 -55.61 6.78E-16 16.9259
635 2 -36.802 6.78E-16 40.0287
635 2.5 -17.993 6.78E-16 53.7274
635 3 0.815 6.78E-16 58.022
635 3.5 19.623 6.78E-16 52.9124
635 4 38.432 6.78E-16 38.3987
635 4.5 57.24 6.78E-16 14.4809
635 5 76.048 6.78E-16 -18.8411
635 5.5 94.856 6.78E-16 -61.5673
635 6 113.665 6.78E-16 -113.6975
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Table 1-10. Internal Force

Output

Frame |Station [Case [CaseType P V2 V3 T M2 M3

Text |[m Text Text KN KN KN KN-m KN-m KN-m
DCON

1 0 1 1.4*DL -3553.666 |-13.034 |-13.979 |-2.79E-15 |-18.6041 |-17.4025
DCON

1 2.1 1 1.4*DL -3497.553 |-13.034 |-13.979 |-2.79E-15 10.7512  [9.9681
DCON

1 4.2 1 1.4*DL -3441.44 1-13.034 |-13.979 |-2.79E-15 40.1065 |37.3388
DCON |1.2*DL+1.6

1 0 2 LL -3493.654 |-17.119 |-20.822 |-3.33E-15 |-26.9756 |-22.8571
DCON |1.2*DL+1.6

1 2.1 2 LL -3445.557 |-17.119 |-20.822 |-3.33E-15 16.7514 [13.0925
DCON |1.2*DL+1.6

1 4.2 2 LL -3397.46 |-17.119 |-20.822 |-3.33E-15 |60.4783 ]49.0421
DCON |1.2*DL+1*L

1 0 3 L+1*W -2922.863 145.236 |-17.278 |-0.1061 -21.5284 (293.117
DCON |1.2*DL+1*L

1 2.1 3 L+1*W -2874.766 |45.236 |-17.278 ]-0.1061 14.7548 [198.1217
DCON |1.2*DL+1*L

1 4.2 3 L+1*W -2826.669 |45.236 |-17.278 ]-0.1061 51.0379 |[103.1263
DCON |1.2*DL+1*L

1 0 4 L-1*W -3728.704 |-75.013 |-17.737 ]0.1061 -24.1509 (-332.8757
DCON |1.2*DL+1*L

1 2.1 4 L-1*W -3680.607 |-75.013 |-17.737 ]0.1061 13.0959 [-175.348
DCON |1.2*DL+1*L

1 4.2 4 L-1*W -3632.51 |-75.013 |-17.737 ]0.1061 50.3427 [-17.8202
DCON [0.9*DL+1*

1 0 33 W-44 -1955.609 |31.393 |2.712 -5.0534 51.5023 [195.2861
DCON |0.9*DL+1*

1 2.1 33 W-45 -1919.536 |31.393 |2.712 -5.0534 45.8081 (129.3609
DCON |0.9*DL+1*

1 4.2 33 W-46 -1883.463 |31.393 |2.712 -5.0534 40.1139 [63.4357
DCON [0.9*DL-1*

1 0 34 W-44 -2613.391 |-48.15 |-20.684 |5.0534 -75.4219 [-217.6607
DCON |0.9*DL-1*

1 2.1 34 W-45 -2577.318 |-48.15 |-20.684 ]5.0534 -31.9851 |[-116.5447
DCON |0.9*DL-1*

1 4.2 34 W-46 -2541.245 |-48.15 |-20.684 |5.0534 11.4516 |[-15.4287
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DCON |1.24*DL+1*

0 51 LL+1*E -3227.238 15.598 -16.768 |-0.5285 -16.8472 (94.0119
DCON |1.24*DL+1*

2.1 51 LL+1*E -3177.538 15.598 -16.768 |-0.5285 18.3647 [82.2554
DCON |1.24*DL+1*

4.2 51 LL+1*E -3127.838 [5.598 -16.768 ]-0.5285 53.5767 [70.499
DCON |1.24*DL+1*

0 52 LL-1*E -3627.396 |-36.12  |-19.045 ]0.5285 -29.8951 [-134.765
DCON |1.24*DL+1*

2.1 52 LL-1*E -3577.696 [-36.12  |-19.045 ]0.5285 10.1003 [-58.9121
DCON |1.24*DL+1*

4.2 52 LL-1*E -3527.996 [-36.12 |-19.045 ]0.5285 50.0957 [16.9407
DCON

0 55 0.86*DL+1E |-1982.887 [12.853 |-7.448 |-0.5285 -4.9043 [103.6983
DCON

2.1 55 0.86*DL+1E [-1948.418 [12.853 |-7.448 |-0.5285 10.7365 [76.7071
DCON

4.2 55 0.86*DL+1E [-1913.948 [12.853 [-7.448 |-0.5285 26.3773 |49.7158
DCON

0 56 0.86*DL-1E |-2383.046 [-28.866 [-9.726 ]0.5285 -17.9522 (-125.0786
DCON

2.1 56 0.86*DL-1E |-2348.576 [-28.866 [-9.726 ]0.5285 2.4721 -64.4605
DCON

4.2 56 0.86*DL-1E [-2314.106 [-28.866 [-9.726  ]0.5285 22.8964 |-3.8424
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Figure 1-11. Frame moment 3-3 diagram under the Dead load

1.3. Hand calculation verification for internal forces

1.3.1. One vertical load case ( Live load)

Space of the minor beam is 2.5 m and the span is 6 m. Loads in kPa are different for
Roof, restaurant, residential, SPA and Ist floors. Also the height of the first two floors are 4.2 m

and others 3.5 m.

The minor beam is simply supported, so the point of zero moment is located at the both
ends of the beam, the basic method is applied. While the major beams have both fixed ends, the

approximate method is used.
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Live load reduction = 1 or higher

minor

Wu = Live Load in kPa * Space of minor beam
minor minor .
R =W * Span of minor beam
end u
minor
=R * 2
minor end

According to the approximate method the middle span is 0.8L, 4 m and the end span is
0.1L. 0.5 m.

major

= 2
middle minor/
major _ major
Rend T TUmiddle N
middle i
= . l e span
M Pmmor * Middl 4
end major
M =Ren; * End span
en to ottom
M™ = M+ M
top _ ,end B i El,
M =M L /( L + L )
1 1 2
bottom end Ezlz 111 Ezlz
*
M =M — /(G +7)

bottom

V * column height = M + M
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Calculation of live load internal forces:

minor

W' = 1.92kPa * 2.5m = 4.8 kN/m
R™"" = 4.8 kN/m * 6m/2 = 14.4kN
 =14.4*2 = 28.8kN
minor
R'" = 28.8kN/2 = 14.4kN
middle
M"Y =28.8 kN * 4m /4 = 14.85 kNm

M =14.4kN * 0.5m = 7.2 kNm

I =bh’/12 = h*12 = 0.35"/12 = 0.00521m"

E 1 E I E I
M = 7 2kNm * = /(- +—5) =7.2/2 = 3.6 kNm

bottom E 21 2

M = 7.2kNm * T
2

Elll EZIZ
[ (FE+ ) = 7.2/2 = 3.6kNm
1 2

bottom

V=M + M) /column height = 7.2kNm/3.5m = 2.057 kN

33



Table 1-11. Live Load Internal Forces’ hand calculation results

Mmiddle |[Mend, |Mtop, Mbottom [V col, [V beam, |N ext,

I,m4 [.kNm [kNm kNm ,kKNm  |kN kN kN N int, kN
Roof 0.00342 14.85] 3.7125 3.713 1.06 7.425 7.425 14.85
Slab 16 | 0.00342 71.85| 17.9625 8.981 8.981 5.13] 35.925 43.35 86.7
Slab 15 0.00342 28.8 7.2 3.600 3.600 2.06 14.4 57.75 115.5
Slab 14 | 0.00342 28.8 7.2 3.600 3.600 2.06 14.4 72.15 144.3
Slab 13 0.00342 28.8 7.2 1.731 5.469 2.06 14.4 86.55 173.1
Slab 12 | 0.01080 28.8 7.2 3.600 3.600 2.06 14.4( 100.95 201.9
Slab 11 0.01080 28.8 7.2 3.600 3.600 2.06 144 115.35 230.7
Slab 10 | 0.01080 28.8 7.2 3.600 3.600 2.06 1441 129.75 259.5
Slab 9 0.01080 28.8 7.2 2.092 5.108 2.06 14.4( 144.15 288.3
Slab 8 0.02637 28.8 7.2 3.600 3.600 2.06 14.4( 158.55 317.1
Slab 7 0.02637 28.8 7.2 3.600 3.600 2.06 14.4( 172.95 3459
Slab 6 0.02637 28.8 7.2 3.600 3.600 2.06 14.4( 187.35 374.7
Slab 5 0.02637 28.8 7.2 2.343 4.857 2.06 14.4( 201.75 403.5
Slab 4 0.05468 28.8 7.2 3.600 3.600 2.06 14.4( 216.15 432.3
Slab 3 0.05468 28.8 7.2 3.927 3.273 2.06 14.4( 230.55 461.1
Slab 2 0.05468 71.85| 17.9625 8.981 8.981 4.28| 35.925| 266.475| 532.95
Slab 1 0.05468 71.85| 17.9625| 17.963 4.28| 35.925 302.4 604.8

Interior columns can bear twice the weight of exterior columns. Therefore, to determine

the axial forces in the interior columns, simply double the values of the exterior columns.

bending moment. The axial forces in the columns exhibit a close match for each floor.

Table 1-12 were constructed to illustrate the comparison of axial, shear forces, and

Nonetheless, there are slight variations between the values obtained from the SAP2000 model

and those from hand calculations, likely stemming from the approximations inherent in the hand

calculations, which rely on several assumptions. It's important to acknowledge that before was

introduced certain degrees of approximation, potentially leading to slight discrepancies when

compared with more detailed analyses or numerical simulations.
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Table 1-12. The Internal Forces from hand calculation and SAP2000

Hand Calc SAP2000

V beam , kN [M, kNm N, kN V beam , kN |M, kNm N, kN
Roof 7.43 14.85 14.85 541 11.42 14.959
Slab 16 17.08 44.55 86.70 6.62 11.74 45.597
Slab 15 14.40 28.80 115.50 6.76 11.75 75.925
Slab 14 14.40 28.80 144.30 6.80 11.99 106.24
Slab 13 14.40 28.80 173.10 5.37 8.43 136.643
Slab 12 14.40 28.80 201.90 9.39 15.04 167.12
Slab 11 14.40 28.80 230.70 7.40 13.11 197.489
Slab 10 14.40 28.80 259.50 7.75 13.63 227.746
Slab 9 14.40 28.80 288.30 6.14 9.68 257.978
Slab 8 14.40 28.80 317.10 8.60 13.86 288.164
Slab 7 14.40 28.80 345.90 6.91 12.21 318.227
Slab 6 14.40 28.80 374.70 7.14 12.53 348.161
Slab 5 14.40 28.80 403.50 5.72 9.07 377.975
Slab 4 14.40 28.80 432.30 7.47 12.41 407.686
Slab 3 14.40 28.80 461.10 491 7.55 437.252
Slab 2 17.08 44.55 532.95 8.86 23.55 510.29
Slab 1 17.08 44.55 604.80 7.66 10.23 561.319

1.3.2. One horizontal load case (Wind)

For Hand Calculations of Internal Forces Portal Frame method was applied. The

distribution of the lateral force to the columns were in the following way:

Fx —

Figure 1- 12. Portal Frame method
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Horizontal load case was chosen Wind lateral force towards 18 m and 5A frame was
selected for analytical calculations. By computing internal forces: shear and axial in all members
of 5A frame, the shear forces and moments at the ground level are identified. The cumulative
wind force on the 1st floor is 660 kN. The numerical results from hand calculations and SAP
2000 are depicted in Table 1-13. Figure 1-13 shows joint reactions in the Joint Local Coordinate

system in SAP 2000.

0.00

0.00

Figure 1-13. Joint Reactions due to wind load on the frame SA

Table 1-13.WindLoad Internal Forces’ hand calculation results

Mmid col,
Floors V extcol, KN |V beam, kN Mbeam, kNm |kNm N axial, kNm
16 -8.6 - -15.1 15.1 -
15 -16.6 5.0 59.2 44.1 5.0
14 -24.4 14.7 131.0 71.8 19.7
13 -32.1 23.9 229.9 98.9 43.7
12 -39.6 33.0 3553 125.5 76.6
11 -46.9 41.8 506.8 151.4 118.4
10 -54.1 50.5 683.6 176.8 168.9
9 -61.1 58.9 885.1 201.5 227.9
8 -67.8 67.2 1110.7 225.5 295.0
7 -74.3 75.2 1359.4 248.8 370.2
6 -80.6 82.9 1630.6 271.2 453.1
5 -86.6 90.4 1923.3 292.7 543.5
4 -92.3 97.6 2236.4 313.1 641.1
3 -97.6 104.4 2568.8 3324 745.5
2 -103.5 110.8 2957.1 388.3 856.3
1 -110.3 129.4 3406.2 449.1 985.7
0 -110.3 149.7 231.7 - 1135.4
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Table 1-14. Internal Forces from hand calculations and SAP 2000

SAP2000 Hand calculation

Floors V, kN M, kNm N axial, KNm |V, kN M, kNm N axial, kNm
16 33 5.8 8.6 2.5 15.1 5.0
15 10.0 10.9 25.2 9.9 44.1 19.7
14 20.0 16.7 49.6 21.8 71.8 43.7
13 33.1 21.8 81.7 383 98.9 76.6
12 50.3 27.3 121.3 59.2 125.5 118.4
11 70.2 323 168.3 84.5 151.4 168.9
10 93.5 37.9 222.4 113.9 176.8 227.9
9 119.4 42.0 283.4 147.5 201.5 295.0
8 149.2 46.6 351.2 185.1 225.5 370.2
7 181.5 50.7 425.6 226.6 248.8 453.1
6 216.7 56.0 506.2 271.8 271.2 543.5
5 254.3 60.0 592.8 320.5 292.7 641.1
4 295.5 67.1 685.1 372.7 313.1 745.5
3 338.7 77.5 782.8 428.1 3324 856.3
2 383.6 127.0 886.3 492.9 388.3 985.7
1 430.9 216.5 996.6 567.7 449.1 1135.4

The difference in the hand and the numerical modeling findings can be explained by the

fact that the hand calculations are based on the approximate method: Portal Frame. There are

assumptions in the analytical calculations, while SAP 2000 results are based on the Finite

Element Method, which can be the reason for distinct results.

1.4. Structural member design (size or check reinforcement) using software

1.4.1. All slabs panels
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Table 1-15. Slab reinforcement design from SAP 2000

# story As/s (in2/in)
1-4 0.001755
5-8 0.001322
9-12 0.001309
13-16 0.001302

001755
[ ]

Figure 1-14. 1-4 floor slab reinforcement

Due to the fact that SAP2000 shows values less than minimum allowable, the slabs were

designed using hand calculations, which is explained in the following chapter.

1.4.2. All major and minor beams

Major and minor beams were designed with flexural and shear reinforcement. The torsion

reinforcement is not needed, because the torsion check om SAP2000 design has shown null.

1.4.2.1. Major beam

In order to deal with lateral drift the size of major beams was changed to the following

dimensions:
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Table 1-16. Sizes of structural members

Beam design | Major Beam | Minor Beam | Roof Major

h (m) 0.7 0.4 0.5

b (m) 0.35 0.2 0.25

Table B.6 Minimum Thickness of Beams and One-Way Slabs

Yield
Strength Simply One End Both Ends

Member fy (MPa) Supported Continuous Continuous Cantilever
Solid one-way slabs 280 Li25 L30 Li35 L/12.5

350 Li22 L7 Li31 L1

420 Li20 L4 Li28 L/10
Beams or ribbed one-way slabs 280 Li20 L3 Li26 L0

350 Li18 L2055 Li23.5 L9

420 Li16 L/18.5 Li21 L/8

Figure 1-15. Minimum beam thickness according to ACI code
One end continuous is the most critical value for our case, which is:
L/18.5 = 6000/18.5 = 324.324 < 350 (ok)

1.4.2.1.1 Flexural reinforcement

Table 1-17. Area of steel in major beams taken from SAP2000 (inz)

- 0.568 0.480 0.568
00 T 0.354 0592 0.363 T

1151 0372 1.151

9-15 floor D673 1.104 0.749

1.321 0 ﬁﬁ 1.314

3-8 floor + 0.865 1.094 0.861

1.477 ﬂ.gﬂ 1.476

1-4 floor 0.966 1278 0.964

| —o-| —®—
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Table above shows the critical values of area of steel for major beams, based on these

results the following bar sizes were chosen.

Table 1-18. Negative reinforcement for longitudinal major beam

Beam Major -ve |1-4 floor 5-8 floor 9-15 floor Roof

As (in2) 1.47 1.32 1.15 0.57

Bar# 4#6 (1.76 in2) |4#6 (1.76 1n2) |4#5(1.241n2) (4 #4 (0.8 in2)
Spacing (mm) 75.416 75.416 76.458 44.166

Table 1-19. Positive reinforcement for longitudinal major beam

Beam Major "+ve" |1-4 floor 5-8 floor 9-12 floor 13-16 floor
As (in2) 1.28 1.85 1.21 0.64

Bar# 5#6(2.21n2) |5#6 (2.21in2) |4 #5(1.24in2) |4 #4 (0.8 in2)
Spacing (mm) 56.562 56.562 76.458 44.166

According to ACI code, minimum spacing between longitudinal bars is either 1 inch,
nominal bar diameter D, or 4/3 nominal maximum aggregate size. Both major and minor beam

spacing is greater than minimum allowable.

Table 1-20. Bar diameter in metric units

Bar # (US) Metric Diameter (mm)
3 10 9.5

4 13 12.7

5 16 15.9

6 19 19.1

7 22 222

8 25 25.4

9 29 28.7

10 32 32.2
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End Length Offset

Case |UDCONS v (Location) i 574
tems | Major (VZandM3) v ||Singlevalied 0.000000 m
(0.00000 m)

It 378
J-End: | 0.000000 m
(5.00000 m)

Display Options
@ Scroll for Values
() Show Max

Location

1.15058 m

Equivalent Loads - Free Body Diagram (Concentrated Forces in KN, Concentrated Moments in KN-m)

137.02 195.95 1.326-03
¢ > 2
) “ |
115.34 115.24

FESULAINL Sedl

Resultant Moment

Dist Load (2-dir)

6.93 Khim
at 1.18088 m

Positive in -2 direction
Shear V2

-107.084 KN
at 1.19088 m

Moment M3

-4. 7686 KN-m
at 1.18088 m

Figure 1-16. 1st floor major longitudinal beam (5m)

x Diagrarns for Frame Object 645 (Major Beam)
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Figure 1-17. 1st floor major transverse beam (6m)
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Figure above shows the profile of resultant moment of typical major beam, which shows

that negative moment ends at approximately 1.2 m from end of the beam. This is where the top

reinforcement cut will be done.

1.4.2.1.2 Shear reinforcement

b, (in.)

10

Smae (I0.) no. 3 stirrups 24
S (I0.) noO. 4 stirrups 24

11
24
24

[
ey ]

13 14
20.3 18.9
24 24

15 16 18
17.6 16.5
24 24 24

14.7

20 22
13.2 12
24 21.8

24 b.,
11 264/b,
20 480/b,

Figure 1-18. Maximum spacing values for shear reinforcement according to ACI code

For the shear reinforcement #4 stirrups were chosen. Area of 2 legs is 0. 4 in’. Using this

area and Av/s values the spacing was calculated. The results were rounded to the lower integer.

The values that exceed maximum spacing were replaced by Smax taken from Figure 1-18.

Table 1-21. Major beam Design of shear reinforcement and spacing of using SAP2000

Beam Major 1-4 floor 5-8 floor 9-15 floor Roof
Av/s (inz/in) 0.041 0.035 0.031 0.011
Calculated s (in) [9.756 11.429 12.903 36.364
Chosen s (in) 9.000 11.000 12.000 24.000
Chosen s (mm) |225.000 275.000 300.000 600.000
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1.4.2.2. Minor beam

1.4.2.2.1 Flexural reinforcement

Table 1-22. Area of steel in minor beams taken from SAP2000 (inz)

0348 0,092 0,348
Roof 0185 0347 0.185
s 0.799 0.252 0.781
-1 Hoot 0.385 0599 0.377
1 o 1.005 0.313 0.985
e 0.479 0.504 0.451

1.434 0348 1258
I floor 0.668 1.188 0.592

Table 1-23. Negative reinforcement for longitudinal minor beam

Beam Minor -ve |1 floor 2-11 floor 12-15 floor Roof
As (in2) 1.434 1.005 0.799 0.35
Bar# 4 #6 (1.76 in2) |4 #5 (1.24 in2) 4 #4 (0.8 1n2) |3 #4 (0.6 in2)
spacing 25.41666667 |26.45833333 27.5 41.25
Table 1-24. Positive reinforcement for longitudinal minor beam
Beam Minor "+ve"|1 floor 2-11 floor 12-15 floor  |Roof
As (in2) 1.188 0.594 0.599 0.35
Bar# 4#5(1.241n2) |4#4(0.81n2) [4#4 (0.8 1n2) |3 #4 (0.6 in2)
spacing 26.45833333 27.5 27.5 41.25
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Figure 1-19. Ist floor minor beam

Negative moment ends at approximately 1 m from the end of the beam, just as in the

major beams. So the cut of the top reinforcement will be the same.
1.4.2.2.2 Shear reinforcement

Maximum spacing for long bars of minor beams is the same as for the major beams

explained above.
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Table 1-25. Minor beam Design of shear reinforcement and spacing of using SAP2000

Beam Minor 1 floor 2-11 floor 12-15 floor Roof
As/s (in2/in) 0.026 0.013 0.011 0.007
Calculated s (in) [15.385 30.769 36.364 57.143
Chosen s (in) 15.000 24.000 24.000 24.000
Chosen s (mm) |375.000 600.000 600.000 600.000

1.4.3. All columns

According to ACI Code 25.2.3, the minimum longitudinal bar spacing for columns must

be at least the greatest of (a) through (c¢). For the column longitudinal bars #8, #6 and #10 were

used. (a) 1.5 in; (b) 1.5 db ; (c) (4/3) db

Table 1-26. The column longitudinal bar spacing

Floors 1-4 floor 5-8 floor 9-12 floor 13-16 floor
Bar# 12 #10 (15.24 in2) (12 #8 (9.48 in2) |8 #8(6.321in2) |8 #6 (3.52 in2)
db, in 1.27 1 1 0.75

Spacing a) 1.5 1.5 1.5 1.5

Spacing b) 1.69 1.33 1.33 1.00

Spacing ¢) 1.91 1.50 1.50 1.13

Min longitudinal

spacing, in 1.91 (49mm) 1.5 39mm) 1.5 (38mm) 1.5 (38mm)
Min spacing, in 0.6 (16mm) 0.5 (13mm) 0.8 (12mm) 0.8 (12mm)
Actual Spacing, in 32.8 (820) 26.8 (670) 20.8 (520) 14.8 (370)
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Figure 1-20. Area of Column reinforcement at 1-4th floor
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Figure 1-21. Area of Column reinforcement at 5-8th floor
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Figure 1-23. Area of Column reinforcement at 13-16th floor
Table 1-27. Reinforcement design of columns on all floors
Column 1-4 floor 5-8 floor 9-12 floor 13-16 floor
As (in2) 12.55 8.72 5.58 3.14
Bar# 12 #10 (15.24 in2) (12 #8 (9.48 in2) |8 #8 (6.32 in2) 8 #6 (3.52 1n2)

As it can be observed from Figures 1-23, the reinforcement of External and Internal

Columns are the same.
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1.5. Hand calculation verification for structural member design (size or check reinforcement)

1.5.1. At least one slab panel
We need to find several parameters to design the slab reinforcement.

Table 1-28. 2nd-floor slab calculation inputs

Ist Floor SI units (mm) Imperial units (in)
Column size 750 29.5276

L 2500 98.4252

Ln 1750 68.89764

L2 6000 236.2205

fc ksi 3

fy ksi 60

unit weight of concrete pcf 150

The basic minimum for fill and simple surfaces like patios or sidewalks is typically
between 2,000 and 3,000 psi. ACI establishes 2,500 psi as the minimum for structural concrete.
Pavements, slabs, and footings can go up to 4,000 psi. Suspended slabs, beams, and girders,

often found in bridges, may require 5,000 psi (Lyset T, 2022).

ln=l—CC—O.5*D

rebar

c .-a clear cover of the reinforcement

D - diameter of the rebar
rebar

ln - a clear span of the slab
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Table 1-29. Loads of the 1st floor slab

Loads kPa psf

SW 62.5

DL 6.2572 130.685

Total DL 193.185

LL 4.79 100.041

Checking code requirements

LL/DL 0.5178 <3

W 391.8876 0.3918

Table 1-30. Primary reinforcement design
Primary / Flexural Reinforcement
Moment Bar# &
Points | Sign Coeft. | Mu (k-in) | Rn Ro As Spacing
A -ve 0.04167 127.149 38.57561| 0.000647 0.6025( #5 @ 6 c/c
B "+ve" 0.07143 217.970 06.12962| 0.001116 1.0387| #5 @ 3.5 c/c
C -ve 0.10000 305.158 92.58147| 0.001572 1.4622| #6 @ 3.5 c/c
D -ve 0.09091 277.417 84.16497( 0.001426 1.3269| #6 @ 3.5 c/c
E "+ve" 0.06250 190.724 57.86342| 0.000975 0.9074( #5 @ 3.5 c/c
M = coef ficient - wo- ln2

w - factored uniformly distributed load

51




Coefficients are taken from the ACI guidelines

¢ - 0.9 factor
b - width of the slab

d - thickness of the slab from top to the center of the bottom reinforcement (excluding the

bottom cover and half the rebar dia)

085-f ' -
p= f : (1 - 1- 0.85.fc')

y

p - reinforcement ratio

AS - Area of the rebars

Using the calculated area of the rebars the bar size and spacing can be chosen from the

ACI code (Table A. 14)
The spacing needs to be checked with the following criteria:

a)s = 3-h=15in

b)s = 18in
_ 1540000 = .
c)s _—2/3-fy 2.5 Cc 13.125in
d)s = 12:40000 _ 45 o
2/3f,

A similar procedure applies to the design of the secondary reinforcement.
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Table 1-31. Secondary reinforcement design

Secondary / Temperature & Shrinkage Reinforcement
As,mi
n 2.1259845
#5 bar 0.3067961576
S 1.731693665 2| inches
#5 @ 2 clc
s min = 0.0018 - bh
Table 1-32. Spacing check according to ACI code
Spacing Checking
1 25| inches
2 18] inches
Table 1-33. Shear force resistance check (ACI code)
Shear Force
Points | Ultimate Shear | Ro Shear Capacity Checking
A 1.293756267 0.00064786 26.44913702| >
B 1.293756267 0.00111683 31.71365751| >
C 1.293756267 0.00157210 35.54213494| >
D 1.293756267 0.00142670 34.41072807( >
E 1.293756267 0.00097559 30.3160158| >
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1.5.2. At least one major and minor beam

Table 1-33. Hand Calculated Reinforcement design of longitudinal major beam

Sign Mu (k-ft) | Rn Ro (%) As (in%) Bar#
ve 4675 214.4432 0.37% 0.6249| 2 #5 (0.62 in")
e 39.25 180.0405 0.31% 0.5217| 2 #5 (0.62 in")
_ve 4675  214.4432 0.37% 0.6249| 2 #5 (0.62 in’)
Table 1-34. SAP2000 Reinforcement design of longitudinal major beam

Sign As (inz) Bar#

_ve 1.5440| 446 (1.76 in’)

"ye" 0.5870| 2 #5(0.62 in")

_ve 1.4210] 4 #6 (1.76 in")

1.5.3. At least one column

The column design is done considering it as an unbraced sway column. For the hand
calculation the interior column on the 16th floor (last floor). A column with a high slenderness
ratio will have a considerable reduction in strength, whereas a low slenderness ratio means that

the column is relatively short and the reduction in strength may not be significant.
The column parameters are 450*450%3500

Firstly, the slenderness ratio should be determined.

kLu

> 22

T

Where k is the effective length factor, Lu is the unsupported length of the column, r is the

radius of Gyration.
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To determine the effective length factor alignment chart is used, where elastic modulus is

the same for beam and column.

2:(EI/L)column
G
I =-Lbh’=0.35* 450mm * (450mm)°/12 = 2873.43 in"
beam 12
= L ph’ = 0.70 * 350mm * (700mm)’/12 = 16824.51 in"
column 12
_ LI, _ 16824.51 in*/137.08 in — 418
AT XL, 2+2873.43 in"/196.85 in '
_ZED) | 2¥1682451in'/137.08in 3. 36
= =i 7 —_ .
B (EI/D),, 2*¥2873.43 in' /196.85 in

From the alignment chart the k is equal to 2.4.

Lu = 3500 mm — 450mm/2 — 700mm/2 = 2925mm

r=0.3*h(
klw ) 4+2925mm
r 03%*50mm 52 > 22

The slenderness ratio is more than 22 so the column is considered slender, there is need
for moment magnification. The loads applied to columns are dead load 36k, wind load 11k, live

load 0 and roof live load 5.63k. The moments are dead load M 2is 4.5k-in, M 1is 4k-in, wind load

Mzis 75k-in, Mlis 70k-in, roof live load Mzis 1.27k-1in, Mlis 1.1k-in.

To determine the Euler buckling load (E I)e p fis calculated to account for creep, cracks.

B __ 1.2D(sustained) __ 1.2*26.1
dns P T 4566

u

= 0.68

I = L bh® = 350mm * (700mm)’/12 = 24035 in"

EC = 57000~/4000 = 3604996
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04E 1~ 04%24035

(ED), = T3 = “tr0ss~ = 20584835261

T (ED 2,
p = et 3.14 205848352261 — 2657051
c (k) (2.4*115.16)

L > 1.0

6 = 1-(2P_/0.752P) =

Table 1-35. Load combination and moment magnification

Case Pu Mu MZns MZS 2:Pu 0 MZ
1.4D 36.42 6.30 6.30 - 36.42 1.019 | 6.3
1.2D+1.6L+0.5RL 34.03 6.04 6.04 - 34.03 1.017 | 6.0

1.2D+1.6RL+0.5W | 46.04 44.93 7.43 37.5 | 46.04 | 1.024 | 45.8

1.2D+1W+1L+0.5RL| 45.66 81.035 | 6.035 |75 45.66 | 1.023 | 82.8

1.2D-1W+1L+0.5RL | 22.41 -68.965 | 6.035 | -75 22.41 | 1.011 | -69.8

0.9D+1W 35.04 79.05 4.05 75 35.04 | 1.018 | 80.4
0.9D-1W 11.79 -70.95 | 4.05 -75 11.79 | 1.006 | -71.4
MC = 82.8 k-in

y = (17.72in — 5in)/17.72in = 0.717

Pn = Pu/O. 65 = 45.66/0.65 = 70.25k

e =M /P =82.8/70.25 = 1.81in

P
K =—2 =705 __ 00556
n fA 4k*(17.72 in)
R = P, e _ 00314*181 _ 0.0057
n_ f/A, h - 17.72 -

With the calculated Kn and Rn, p is determined via alignment chart. The p is 0.01.
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0.01 * 17.72° = 3.18in”

A =

st

Therefore, use bar 8#6 for 16th floor internal column reinforcement which is the same as

in the SAP2000 simulation.

1.5.3.1. P-M check

/] ﬂ m_.r_-..n..,. Y a0/ /4

All concrete frames passed the stress/capacity check or are

designed.

Figure 1-24. P-M interaction for columns check in SAP2000

According to ACI 318, assuming the balanced condition, the P and m is calculated,

resulting in Table 1-24.
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P, = ¢[0.85( (4, ~ A ) + (f A )]

y st

P = 0.8(0.85 * 28 * (202500 — 2272) + (420 * 2272)) = 4575.8kN

B = 0.85 for 4ksi

0.003

C = So03t000207 450 = 266.3mm

a = 266.3 * 0.85 = 226.3mm

€ = C;d *0.003 = 266.3 — 40/266.3 * 0.003 = 0.00255

By recalculating the values for different C values, the following results were obtained. To
plot the P-M interaction diagram (Figure 1-25.), different values of load and moment were

calculated for various e values.

Table 1-36. Load and Moment calculator results

P, kN M. kNm
2841.15 0
2841.15 94.01
2641.78 147.17
2221.58 188.81
1773.01 215.50
1292.98 229.83
1122.24 24891
802.95 254.55
326.485 191.52
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Figure 1-25. Interaction Diagram

1.5.3.2 Check for shear

Maximum axial capacity of column calculated for further shear check procedure.

AXTAL FORCE & BILXIAT. MOMENT DESIGN FOR PU, M2, M3

Hekbar Design Design Design Minimum Minimum
Area Du M2 M3 M2 M2
Q.00z 131.e08 16.513 3.782 a.782 3.782

A¥TAL FORCE & BIAXTAT MOMENT FACTOHS

Cm Delta ns Delta s E L

Factor Factor Factor Factor Length

Major Bending (M2) 0.400 1.000 L.a00 1.0040 3.500

HMinor Bending (M2Z) 0.400 1.000 L.a00 1.0040 3.500
SHERR DESIGN FOR VI, V3

Rebar Shear Shear Shear Shear

hwis Vu phi*Vec chi*Vs L) =]

Major Shear(VZ) €.396E-04 7€.005 0.000 7€.008 T€.005

Minor Shear(V3) 3_871E-04 47_183 0.000 47183 47183

Figure 1-26. Axial Force and Biaxial Moment Design of the column

From SAP 2000 we have Major Shear V.= 76.005 kN and Major Shear v, =47 183 kN.

V,=0.17(1 + 14202500

N, ; _ 4575.8 _
oy )ijbwd = 0.17(1 + —2222—-),/28 * 450 * (450 — 67) = 166.2kN

For major shear:

q)VC = 0.75 * 166.2 = 124. 6kNf
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(pVC/ 2 = 62.34kN < 76kN, the shear reinforcement is needed

Referring to ACI Code, Table 25.7.3.6, the spacing of ties is provided in Table 1-37. The
16th floor internal column side is 18 in for the #6 bar, the spacing is 12in (305mm).

Table 1-37. Maximum spacing of ties

Spacing of toes (in) for Bar

Column least side

or diameter (in ) #6 #71 #8 #9 #10 #11
12 12 12 12 12 12 12
14 12 14 14 14 14 14
16 12 14 16 16 16 16
18 12 14 16 18 18 18
20 12 14 16 18 18 20
22-40 12 14 16 18 18 22
Ties #3 #3 #3 #3 #3 #4

Table 1-38. The design results of shear reinforcement of 16th floor column from SAP2000

shear reinforcement |SAP2000
Av/s 0.025

Av 0.4

s (in) 16

s (mm) 400

The shear reinforcement from SAP2000 is adequate. The spacing from SAP2000 is more

so we use 400mm for the final design of the column.
1.5.3.3. Check for biaxial bending

To assess potential biaxial bending in corner columns of the building, Dr. Boris Bresler's
reciprocal interaction equation was applied.The axial loads and biaxial moment were provided
from SAP2000.
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Pu/O. 85 = 131.68/0.85 = 154.92 kN

_17.71-2%2.44
- 17.71

8*0.750

= o.724;pg=m

= 0.01913

Pu = 131.608kN; Mx = 16.513 kNm; My = 3.782 kNm

16513 _ .
.= 131608 = 0.125m = 4.92in
3782 _ .
ey = 31608 = 0.028m = 1.10in

Bending about x-axis:

€ 492 _ . _
=22 = 0.27; R = 0.15
_ RSFAN oasv4000117.7171771
an e, 4.92 = 677.4k
Bending about y-axis:
€ _ 110 _ . _
- = o0 = 0.062; R = 0.06
_ RSANR _ 0064000117.71%1771 _ 1211. 9k

ny e 1.10

Py=0.85f'A +f A =0.85*4* 17.71° + 8 * 0.75 * 60 = 1426.4k

1 1 1

677.4 + 12119 14264

I
PO

ni nx ny

Pm, = 624.87 k = 2779.5 kN > 154.92kN

The column is structurally safe when subjected to biaxial bending.
1.6. Structural joint design

All cast-in-place joints
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The required development length in compression is:

ldc

b

S M
50’”\/"7 )db

>

0.0003f W d, ()

Where, llJr is the confining reinforcement factor equal to 1 for this case and A is a normal

weight modification factor. The development length in compression for roof major beam rebar is

calculated below:

dc= (

60,000*1

50*1*/4000

)0.5in > 0.0003 * 60k * 0.5 ~ 10in (250mm)

The minimum diameter of bend, measured on the main bar of a standard hook is 4d ) for

#3-5 bars and 6db for #6-8 bars (ACI code 25.4.3).

Table 1-39. The Major beam development length in compression and tension and the

number of ties calculation results.

Develop length
(mm)

Compressi [Hook Dia of Spacing |Number
floor Rebar |Tension |on (mm) bar (mm) [Ln (mm) [ties (mm) |of ties
roof #4 475 250.0 50.8 12.7 5550 300 18.5
9-15 floor #5 609.6 304.8 63.6 15.9 5400 300 18.0
5-8 floor |#6 736.6 381.0 114.6 19.1 5250 300 17.5
1-4 floor |#6 736.6 381.0 114.6 19.1 5100 300 17.0

The development length in compression for column rebar in 13-16th levels is calculated

below:

dc: (

60,000*1

50*1*/4000

)0.75in = 15 in (381 mm)

The minimum diameter of bend, measured on the main bar of a standard hook is 4d b for

#3-5 bars and 6db for #6-8 bars (ACI code 25.4.3).
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Table 1-40. The Column development length in compression and the number of ties

calculation results.

Develop length in | Diaof bar | Ln (mm) | Spacing Number of
. (mm) ties (mm) | ties

Floor |Rebar | compression (mm)
13-16 |#6 381 19.1 3050 300 10.2
9-12 |#8 483 25.4 2900 300 9.7
5-8 #8 483 25.4 2750 300 9.2
4-3 #10 635 32.2 2600 300 8.7
1-2 #10 635 322 3300 300 11.0

Lap Splice in compression of rebars in the joint of two different sized columns was

calculated through the following formula:

N4

N

0.0005f d,

(0.0009f — 24)d,

for fy < 60 000 psi

for fy > 60 000 psi and < 80 000 psi

As, fy = 60 000 psi, lap splice in compression in 13-16th floors:

I_ = 0.0005(60000 psi)(0.75 in) = 22.5 in (571.5mm)

Table 1-41. The Column lap splice in compression.

Floor Rebar Dia of bar (mm) Lap Splice (mm)

13-16 #6 19.1 571.5
9-12 #8 254 760
5-8 #8 254 760
4-3 #10 322 967.7
1-2 #10 322 967.7

63




1.7. Structural detailing (splice and anchorage) and drawings (professional)

1. Slab
Slab
5000
- ﬁmqa @4 cic [fo@ice ‘ o @ (o @ci [o@ice
4 g_{' 45 @2 olc 6 @4 500 é ls6 @350l 46 @3.5clc
[200] i
250 Minor Beam L 220 .

Major Bedm \ajor Beam

4750
Figure 1-27. Slab design detailing
ii. Beams
{ 250 —a e

100
200 o age

Figure 1-28. Transverse major beam on roof design detailing

Section A-A
1.7
* 1
a)]
=
1 o
o

Figure 1-29. Transverse major beam on roof design cross section

64



Minor beam roof

Figure 1-30. Minor beam on roof design detailing

Section A-A

813 4

400
281,37

Figure 1-31. Minor beam on roof design cross section

i g

=)

Figure 1 -32. Longitudinal major beam on design detailing
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Section A-A

250

&JLZ%.AQ

]

500
381,49

Figure 1-33. Longitudinal major beam on design detailing cross section

1i1. Columns

Section A-A
450

T1 GSTI 6362
/
AN
.

62

2]

GZLI 63L1 63

Figure 1-34. 13-16th floors column design cross section
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16th floor

i

R 15th floor

L

Figure 1-35. 15-16th floors column design detailings




vi. Joint

13th floor
1 I:II:.— I
e
==
12th floor

T

Figure 1-36. 12-13th floors joint design detailings
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Section A-A
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Figure 1-37. 12-13th floors joint design cross section
1.8. Structural serviceability design
In major beam structural member design
1.8.1. Vertical deflection

In structural member design, as per ACI Code Sections 7.3.1.1, a major beam structural
member was designed based on the minimum thickness for one-way flexural members and
one-way slabs. These values apply to members not supporting or connected to partitions or other
structures that could be affected by significant deflections. Permissible deflection is influenced
by various factors, including the building type, the structure's appearance, the presence of
plastered ceilings and partitions, the potential damage from excessive deflection, and the type

and amount of live load.
1.8.2. Lateral drift

Lateral drift was calculated for two frames : 3B and 9A in two directions. For the seismic
load case, lateral drifts from the hand calculations and SAP 2000 are highlighted in Table 1-42.
The allowable inter-story drift in the case of seismic loading is 2% according to the ACI 319
code. Drifts from the hand calculations and SAP 2000 for all floors passed the check.
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Table 1-42. Drift Results for 3B and 9A frames for Seismic Loading

Frame 3B Frame 9A Allowable | Check

Floor Drift Limit

/ Hand SAP 2000 | Hand SAP 2000 | (%)

Drift (%) | Calculation Calculation
16 0.04 0.16 0.11 0.16] 2 v
15 0.07 0.16 0.20 0.16(2 v
14 0.11 0.16 0.31 0.16] 2 v
13 0.10 0.16 0.28 0.31]2 v
12 0.07 0.31 0.18 0.16(2 v
11 0.06 0.16 0.18 0.16] 2 v
10 0.07 0.31 0.20 0.31]2 v
9 0.06 0.31 0.18 0.31]2 v
8 0.05 0.31 0.14 0.16] 2 v
7 0.05 0.16 0.13 0.31(2 v
6 0.05 0.31 0.14 0.31]2 v
5 0.04 0.31 0.13 0.16] 2 v
4 0.04 0.31 0.12 0.31(2 v
3 0.04 0.31 0.13 0.31]2 v
2 0.05 0.16 0.14 0.16] 2 v
1 0.05 0.16 0.16 0.16] 2 v

For the wind load case, lateral displacement from the hand calculations and SAP 2000 are
highlighted in Table 1-43. The allowable absolute displacement in the case of wind loading

according to the ACI 319 code calculated with the formula below:
Allowable Absolute Displacement Limit = H/400

Absolute displacements from the hand calculations and SAP 2000 for all floors passed
the check.
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Table 1-43. Absolute Displacement Results for 3B and 9A frames for Wind Loading

Frame 3B Frame 9A Allowable Check

Floor Absolute

/ Hand SAP Hand SAP Displaceme

Absolute Calculatio | 2000 Calculation | 2000 nt (mm)

Displacement(m |11

m)
16 10.0 45 52.2 118.9 143.5| vV
15 9.7 44 50.7 111.4 133.0( vV
14 9.3 43 48.6 105.1 122.5| vV
13 8.7 41 45.5 96.6 113.8| vV
12 8.0 38 42.4 89.2 105.0( vV
11 7.5 36 39.7 81.6 96.3| v/
10 6.9 31 36.9 73.5 87.5| vV
9 6.3 28 33.7 67 78.8| vV
8 5.7 25 30.5 58.8 70.0| v/
7 5.1 21 27.5 52.6 61.3| vV
6 4.5 18 24.4 453 525| vV
5 3.9 14 21.1 37.6 438| vV
4 3.3 10 17.7 29.5 35.0| vV
3 2.6 6 14.4 23.1 26.3| vV
2 1.9 4 10.6 15.3 17.5| vV
1 1.0 2 5.6 8.1 8.8 vV

1.8.3. Crack width

To estimate the maximum width of cracks that will occur in the tension faces of flexural

members Gergely-Lutz equation:

w = 0.0113p f ’\[d A
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Where w is the estimated cracking width in thousandths of mm, 3 " is the ratio of the

distance to the neutral axis to the centroid of the tensile concrete fiber to the distance from the

neutral axis to the centroid of the tensile steel (for beams it is typically equal to 1.20), f . is the
steel stress at service load equal to 0.6 fy for normal structures, dc is the cover of the outermost

bar measured from the extreme tension fiber to the center of the closest bar or wire equal to
80mm, A is the effective tension area of concrete around the main reinforcement divided by the

number of bars.

A= 350mrr;*80mm _ 7000mm2

w = 0.0113 * 1.20 * (0.6 * 413.68MPa) * \/40mm * 7000mm’ = 0.22mm

Permissible crack width under humidity, moist air exposure condition is 0.30 mm. From
Table 1-44 results the allowable crack width is checked for major beams (for all 4 bars are

designed) and minor beams (for floors 1-8, 5 bars and for 9-16 floors 4 bars are designed )

Table 1-44. The results of beam crack width calculations

B allowable w,
A, mm2 h W, mm mm
major beam |7000 1.2 0.2235 0.3
minor beam
1-8 floors 3200 1.2 0.1722 0.3
minor beam
9-16 floors 4000 1.2 0.1855 0.3

The ACI 319 Code requires that flexural tensile reinforcement be well distributed within
the zones of maximum tension so that the center-to-center spacing of the deformed bars and
wires closest to a tension surface is not greater than the value computed with the following

expression:

s = 15("%%%) — 2.5¢c < 12()

s = 15(—200_y _ 2 5% 1,57 < 12(—N 1y — 12.74in (323mm) < 13.33in(338mm)

0.6*60000 0.6*60000

Thus a bar spacing not more than 323 mm would be required. The spacing in beams

72



300mm satisfies the requirement.
1.8.4. Durability
Mix design

In Louisiana observed sulfate level percent exceedance and the humidity level is high

(2022 Louisiana Water Quality Integrated Report, 2022).

Type V Portland cement is specially designed to withstand sulfate attacks from soil and
groundwater rich in sulfates. It has a reduced amount of tricalcium aluminate (C3A) compared to
other cement types, making it less prone to sulfate attack. Lower water-cement (w/c) ratios
enhance the sulfate corrosion resistance of concrete and lead to thinner corrosion layers. As
sulfate corrosion progresses, models of corrosion thickness for different w/c ratios have been
established based on the degradation of cubic compressive strength in corroded concrete samples
(Du J.M, et al., 2016). In magnesium-rich sulfate conditions, concrete mixtures with silica fume
outperform those with fly ash and blast-furnace slag, the latter providing the poorest performance
(Al-Amoudi, O. S. B., 1998). For concrete exposed to sea or brackish water, or that contacts
significant amounts of chlorides, the water-cement ratio should be kept as low as possible,

ideally under 0.40 (Guide to Durable Concrete).
2. Architectural part

2.1. LEED

LEED (Leadership in Energy and Environmental Design) is a globally acknowledged
certification program for buildings that aims to improve energy efficiency and promote
sustainable design. Projects seeking certification must meet specific criteria, such as adhering to
LEED minimum construction program requirements and meeting LEED mandatory standards.
They also need to earn at least 40 points across various categories.

The project achieved a total score of 69, reflecting its focus on energy efficiency and
basic environmental design standards. Although the score is good, there is potential for further
improvement to reach a higher certification level.

The building's location was strategically chosen to minimize its environmental footprint
by being situated in an established, populated area that promotes walkability and decreases

reliance on cars for access to essential services. The area also includes several bus stops for
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convenient travel to other regional locations, and there are bicycle parking facilities available
(Figure 2-1). Green landscapes help to reduce the size of the parking area.

Table 2-1. Location and transportation

Yes/No Location and Transportation 16 13

Neighborhood Development

yes location 1 1
no Sensitive Land protection 1
no High priority site 2

surrounding density and diverse

yes uses 5 5
yes access to Quality transit 5 5
yes Bicycle facilities 1 1
yes reduced parking footprint 1 1
no green vehicles 1

The chosen site undergoes careful evaluation to guarantee environmentally sustainable
construction practices. The parking lot features green space that promotes a connection with
nature. Further details on rainwater management calculations will be covered in Capstone 2, and

the parking area allows for unobstructed views of the night sky.
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Table 2-2. Sustainable sites

Yes/No Sustainable Sites 10 8
Construction Activity Pollution
Prevention required
yes Site assessment 1 1
no site development protect or restore habitat 2
yes open spaces 1 1
yes rainwater management 3 3
yes heat island reduction 2 2
yes light pollution reduction 1 1

Outdoor water use is minimized by using reclaimed water solely for irrigation purposes.
Indoor water use will be reduced by replacing fresh water with treated greywater for flushing

toilets. Additional measures to further decrease water consumption will be investigated.

Table 2-3. Water efficiency

Yes/No Water Efficiency 11| 9
outdoor water use reduction required
indoor water use reduction required
building level water metering required
yes outdoor water use reduction 21 2
yes indoor water use reduction 6 6
no cooling tower water use 2
yes water metering | 1

The principles of the waste management hierarchy are applied to reduce landfill waste

disposal, with the goal of optimizing performance in this aspect.
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Table 2-4. Materials and resources

Yes/No Materials and Resources 13 2

storage and collection of recyclables |required

construction and demolition waste

management planning required

no building life cycle impact reduction 5

building product disclosure and
optimization-environmental product

no declaration 2

building product disclosure and
optimization - sourcing and raw

no materials 2

building product disclosure and

no optimization - material ingredients 2

construction and demolition waste

yes management 2 2

Energy consumption will be evaluated to identify opportunities for reduction, with an
emphasis on achieving energy efficiency that is both environmentally and economically

sustainable. This will help decrease greenhouse gas emissions.
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Table 2-5. Energy and atmosphere

Yes/No Energy and Atmosphere 33 22

fundamental commissioning and

verification required
minimum energy performance required
building level energy metering required

fundamental refrigerant management [required

no enhanced commissioning 6
yes optimize energy performance 18 18
yes advanced energy metering 1 1
yes demand response 2 2
no renewable energy production 3
yes enhanced refrigerant management 1 1
no green power and carbon offsets 2

The hotel's indoor environmental quality adheres to established standards, providing
comfortable access to natural light, quality views, and soothing acoustics. Air quality and

temperature will be regularly monitored for consistency.
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Table 2-6. Indoor environmental quality

Yes/No [Indoor Environmental Quality 16 15
minimum indoor air quality performance required
environmental tobacco smoke control required
yes enhanced indoor air quality strategies 2 2
yes low emitting materials 3 3

construction indoor air quality management

yes plan 1 1
yes indoor air quality assessment 2 2
yes thermal comfort 1 1
yes interior light 2 2
yes daylight 3 3
yes quality views 1 1
no acoustic performance |

2.2. Life Cycle Cost Analysis

The life cycle cost of one slab on the 1st floor was conducted resulting in construction
cost, barrier cost, repair cost, and life-cycle cost in USD per m”2 (Figure 2-1). According to the
previous analysis of durability and mix design assumption the overall concrete mix will include
water/cement ratio of 0.40 and 10% of silica fume supplementary cementitious material and
sealer barrier. The Reinforcement is black steel (Figure 2-2). The price of stainless steel is
typically more expensive than black steel. Here to prevent it from corrosion the vapor control

layer sealer was used. The service life of the slab was estimated to be 80 years.

In result of estimation in software Life 365 the construction cost would br 14.13USD per
mz, the barrier cost is 7USD per mz, the repair cost is 225.8USD per m” and the overall

life-cycle cost is 246.93USD per m” for the slab of 2 m’,
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Life-Cycle Costs

Name Construction Cost Barrier Cost Repair Cost Life-Cycle Cost

Base case $14.13 per sq. m. $7.00 per sq. m. $225.80 persq. m. $246.93 per sq. m

Figure 2-1. Life-cycle cost of the slab

Concrete Mixes

Alt name User? wicm SCMs Inhib. Bamier Reinf.

Base case 04 Silica Fume (10%); Sealer Black Steel

Figure 2-2. Concrete mix of the slab

2.3. Corrosion

2.3.1. The corrosion prevention methods.

Use of a waterproofing layer is needed to prevent water from penetrating the concrete
surface. According to Rodrigues, R. (2021), the main influencing factors are the water content
and the pore structure at the steel—concrete interface layer. Based on the earlier assessment of
durability and mix design considerations, the concrete mixture will consist of Type V Portland
cement, a water-to-cement ratio of 0.40, 10% silica fume as a supplementary cementitious

material. The reinforcement concrete of the whole frame has barrier material - sealer.

2.3.2. Corrosion monitoring methods.

Depending on the RC material’s degree of damage and age of structure different
corrosion monitoring methods can be applied. According to Fan, L., & Shi, X. (2021), on the
initiation and corrosion onset stage, the spectrometer and electrochemical sensors for chloride
ions and pH measurements should be conducted; then later on structure’s service life until the
loss of steel cross section and concrete cracking or spalling occurs, wireless sensors inserted with
metal link and potentiostat, or electrochemical sensors like linear polarization resistance,
galvanic pulse method, electrochemical impedance spectroscopy are used, otherwise at its end of
service life rehabilitation would be needed. A combination of measuring techniques is

recommended.



3. Environmental part
3.1. Background

The Integrated Solid Waste Management Plan for Louisiana State was reported in 1994.
In the USA, different states have their own approach regarding Solid Waste Management.
Louisiana compared to the states as Ohio, New Jersey and Missouri did not have issues regarding
landfill capacity. In the report, it was mentioned that landfill capacity for Louisiana state was
estimated as ten years of remaining landfill capacity. However, comparing the reports regarding
landfill capacity in 2011 and 2021, it can be seen that it rises from 4 millions wet-tons in 2011 to
9.5 millions wet-tons in 2021 of municipal solid waste. In ten years, the solid waste quantity in
landfills has doubled. From this information the conclusion that initial estimation made in 1994
SWM plan was not efficient can be drawn. The SWM plan should be based on the ISWM

hierarchy, which is shown in Figure 3-1.

Solid Waste Management
Hierarchy

Combustion

Figure 3-1. Integrated Solid Waste Management Hierarchy

So, the first priority in the hierarchy is reducing solid waste generation and reusing items
to decrease the quantity of SW. In report 1994, the priority was given for recycling, claiming that
it can reduce solid waste disposed in landfills by 25%. Other SWM practices are not mentioned
in the reports regarding SWM in Louisiana. However, it was mentioned that making a voluntary

planning program for SWM is welcomed.
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3.2. Waste management

According to these decisions, it was estimated that 100% of recyclable material will be

recycled, and other compounds of SW that can be composted and incinerated will go through

appropriate practices. The more detailed data was shown in Table 3-1.

Table 3-1. Waste compounds and recovery type

Compound Generated Recovery Proportion to | Recovered Remaining
amount, type recovery, % | amount, amount to
kg/year kg/year landfill,

kg/year

Paper 86236.5 Recycling 68 (The Paper 58640.8 27595.7

Recycling Coalition)

Glass 28186.3 Recycling 42 (Glass Half Full 11838.2 163438.1

| Glass recycling,
coastal restoration)

Metal 14764.2 Recycling 44 (statista, 2023) |0496.2 8268.0

Plastic 35568.4 Recycling 5 (Sire, 2023) 1778.4 33790.0

Electronics 671.1 - - - 671.1

Organics 134555.8 Composting | 31 (Pinkerton, 41712.3 92843.5

2023)
Construction | 35232.8 Recycling 78 (Construction  |27481.6 7751.2
& Demolition Waste
Management &
Recycling | USA
Waste & Recycling)

Household 335.6 - - - 335.6

hazardous

Sum 335550.7 187603.1

3.2.1. Methane Generation

Methane generation from the disposed waste in the landfill will be calculated to identify

the impact on the environment. Moisture percentage of the compounds are assumed to be their

absorption capacity. And the dry mass was computed according to it. Table 3-2 depicts the

details.
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Table 3-2. Dry mass of compounds

Moisture amount,
Compound Amount, kg/year |Moisture, % kg/year Dry mass, kg/year
98 (/4bsorption capacity
Paper 27595.7 o osor TP 27043.8 551.9
Plastic 33790.0 36 (Koberetal,2007) |12164.4 21625.6
Organics 92843.5 63 (Kassaeral,2024) |58491.4 34352.1
Sum 56529.6

From the dry mass, every compound’s chemical composition was calculated based on

their chemical properties. The results are shown in Table 3-3.

Table 3-3. Chemical composition of waste compounds

Element C H 0] N Other

Atomic weight, g/moles | 12 1 16 14 -
Paper 43 .4 5.8 443 0.3 6.2

})Zry Mass o astic 60 7.2 22.8 0 10
Organics 48 6.4 37.6 2.6 54
Paper 239.5 32.0 244.5 1.7 -

Dry mass, )

ke/year Plastic 12975.4 1557.0 4930.6 0.0 -
Organics 16489.0 2198.5 12916.4 893.2 -
Paper 19960.9 32011.0 15281.1 118.3 -

Number of )

moles Plastic 1081279.4 |1557042.3 |308164.6 0 -
Organics 1374083.8 |2198534.1 |[807274.2 63796.7 -

The reaction of methane generation is :

CaHbOCNd + nHZO - mCH4 + SCO2 + dNH3

The number of moles of methane is calculated by the following formula:

m = (4a + b — 2c — 3d)/8

The calculated methane mass generated from waste compounds is written in Table 3-4.
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Table 3-4. Generated methane mass

Compound | Chemical formula Number of methane | Methane mass, kg
moles
10117.2 161.9
Paper C 90609320119 152811V 1183
Plastic C H 0 N 658228.8 10531.7
1081279.4  1557042.3  308164.6 0
Organics C H 0 N 736116.3 11777.9
13740838  2198534.1 8072742 63796.7

3.3. Waste Collection Plan

For the waste collection plan the generation rate of the solid waste in peak days was

selected to avoid the cases of overloading. During peak days the waste generation

993.705 kg/day. According to this data, waste collection is planned, shown in Table 3-5.

Table 3-5. Waste Collection Plan Details

Capacity 726 kg (Container sizes)
Container Dimensions (1C90.5 X 18?.9 x 208.3 cm’
ontainer sizes
Quantity 2
Collection Frequency 2 times per week
Total body length 6 - 7 m (B, 2020)
Width 2.4 m (Btr, 2020)
Height 2.4 m (Btr, 2020)
Collection Transport Compaction rate 593.3 kg per cubic meters (Bt
2020)
Pack cycle 17-19 sec, reloading 6-7 sec
(Btr, 2020)
Capacity 3.03 cubic meters (Btr, 2020)

The route of the waste collection transport is illustrated in Figure 3-2.
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Figure 3-2. The route of waste collection truck
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3.4 Integrated Solid Waste Management Plan

The Integrated Solid Waste Management Plan for the hotel is depicted in the form of flow

4’( Waste generation )47

Guests' Awareness Staff Awareness

chart in Figure 3-3.

Sorting at a source

/

Collection from |Collection from the
rooms/restaurants hotel

Waste Management

A 4

Recycle Reuse

Y

Environmental
Requirements

N

Composting Landfilling

Figure 3-3. Solid Waste Management Plan
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4. Geotechnical part
4.1 Site description

The chosen site is in Jefferson Parish, Louisiana, found at 3680 Pritchard Road, marked
with a red placemark in Figure 4.1. Jefferson Parish is in a unique spot between the Mississippi
River and the Gulf of Mexico. It has a varied landscape with bayous, marshlands, and a vibrant

cultural history (USAFacts, 2023).

Figure 4.2. The site location in Jefferson Parish, LA, USA
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A thorough analysis of the construction site indicates its nearness to the intersection of
Pritchard Road and Barataria Boulevard, as shown in Figure 4.2. To evaluate the soil conditions
at this chosen spot, the geotechnical site investigation report was referred from nearby regions.
For comparison, the soil profile of borechole WWHC-41 UPT was selected, that is located 300
meters from the construction site, assuming similar soil composition due to the short distance.

This reference is in Figure 4.3.

Jefferson Parish
School District,

Figure 4.3. The distance between the construction site and the borehole (29°50'38.00"N
90°07'23.32"W)
Currently, 3680 Pritchard Road functions as a parking lot, but there are plans to clear the
existing pavement for an upcoming construction project. The proposed development entails
building a 16-story hotel, as depicted in the layout shown in Figure 2.1. This ambitious project is

aimed at promoting the progress and improvement of the Jefferson Parish area.

4.2 Field investigation

In total, 32 new boreholes were drilled for soil investigation, providing undisturbed
samples. Depths of these new boreholes range from 21.37m to 27.43m. Additionally, there are 22
boreholes drilled before the initial expansion, with depths ranging from 15.24m to 30.48m. The
new boreholes labeled with "WWHC-" were drilled between February and March of 2007, while
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those labeled with (HL-) and (HLC-) were drilled in 1987 and 1990, respectively. The locations

of all boreholes are indicated in Figures 4.4-4.5.

Figure 4.5. Location of boreholes

All soil samples collected from the undisturbed boreholes were classified using the
Unified Soil Classification System (USCS). This classification involved visual assessment and
sieve analysis, along with determining moisture content, organic matter content, and Atterberg
limits. Additionally, Cone Penetration Tests (CPT) were conducted, as well as Shear Strength
tests, including Unconfined Compression (UCT) tests and Unconsolidated Undrained (Q) tests.
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4.3 Soil profile

Creating an accurate soil profile of the construction site is crucial, so a thorough
geotechnical investigation was conducted and detailed in Table 4.1. The soil primarily consists of
lean and fat clay, with their sequence varying with depth. The upper soil layer is lean clay,
characterized by low-to-medium plasticity, with a thickness of 0.24 meters. Below that, from
0.24 meters to 1.22 meters, lies fat clay, which is cohesive, compressible, and highly plastic.
Based on the Atterberg Limit test results, the soil samples show low to medium plasticity,
indicating a potential for soil expansion. Moreover, no bedrock was encountered during the
investigation down to a depth of 21 meters.

Table 4.1. Generalized soil profile from the borehole WWHC-41UPT (29°50'38.00"N 90°07'

23.32"W)

Lay | Depth | Dept | Soil | Descripti | Dry | Fricti | Elastic | Poisso | Satura | Cohesi
er | range, [ h,m | type on unit on Modul n’s ted on,
no. m (USC weig | angle, us, ratio unit kPa

S) ht, ° MPa weight,
kN /m| kN /m’
1 0.0-0.2 | 0.24 | Lean [ Clay of - - 15 0.417 - -
4 clay | low-to-m
(CL) [ edium
plasticity
2 0.24-1. | 0.98 Fat | Cohesive | 12.41 - 10 0.4 16.97 60.23
22 clay | and
(CH) | compress
ible clay
of high
plasticity
4 1.22-1. | 0.52 | Lean | Clay of - - 15 0.417 -
74 clay [ low-to-m
(CL) [ edium
5 1.74-2. 1.25 p]asticity 14.14 - 18.85 18.67
99
6 2.99-4. 1 1.19 13.67 0 18.38 25.7
18
7 4.18-5. | 1.21 Fat | Cohesive | 11.9 0 10 0.4 17.44 23.7
39 clay [and
(CH4) | compress
8 5.39-6. | 0.95 ible clay 11.6 0 16.80 40.3
34
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9 6.34-6. | 0.27 of high 10.99 16.65 26.0
61 plasticity
10 | 6.61-8. | 1.5 8.48 15.08 -
11
11 | 8.11-8. | 0.42 | Lean [ Clay of 9.7 15 0.417 16.02 23.4
53 clay [ low-to-m
(CL4) | edium
plasticity
12 | 8.53-8. | 0.25 Fat | Cohesive - 10 0.4 - -
78 clay | and
(CH2) | compress
ible clay
of high
plasticity
13 | 8.78-9. | 0.27 | Lean | Clay of 15 0.417
05 clay [low-to-m
(CL6) | edium
plasticity
14 |[9.05-10 | 1.22 [ Fat | Cohesive | 10.99 10 0.4 16.80 19.06
27 clay | and
(CH3) | compress
ible clay
15 ] 10.27-1 ] 0.93 Fat | of high 11.78 17.28 29.44
1.2 clay | plasticity
(CH4)
16 | 11.2-11] 0.3 9.58 15.87 26.57
5
17 [ 11.5-12] 1.2 9.42 15.55 -
i
18 | 12.7-13 | 0.95 10.21 16.49 33.66
.65
19 | 13.65-1| 1.25 10.05 16.18 33.89
4.9
14.9-16 | 1.5 10.68 16.49 30.36
4
20 | 16.4-17| 1.2 11.15 16.80 30.16
.6
21 | 17.6-18 | 1.2 10.37 16.02 472
.8
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22 | 18.8-20 | 1.2 [ Sandy | Sandy 10.05 - 0.470 16.02 29.78
.0 clay | clay
(CL4-
S)
23 [ 20.0-21 | 1.24 Fat | Cohesive | 13.66 - 10 0.4 18.07 33.56
24 clay | and
(CH4) | compress
24 | 21.24-2 | 0.26 ible clay | 10.21 - 16.34 64.35
1.5 of high
plasticity

4.3.1. Location of groundwater table

In geotechnical design, it's crucial to take into account the depth of groundwater, as it
impacts the overall bearing capacity of a foundation. Free water was discovered approximately
2.21 meters (7.25 feet) below mean sea level (MSL) (West Bank H.P.P., 2008). Figure 2
illustrates the gauges, observation well, piezometer, and levee systems in Greater New Orleans,
Louisiana. As shown in Figure 1, the levee system in Jefferson Parish is located near the

construction site.

W7 10'0"W 90°0°0"W 89°50'0"W

30°10"0"N

3°10°0"N

30°0'0""N

I0°00"N

Lake
Borgne

29°50"0"N
20°50'0"N

r
v [Legend
o \‘ B Gages
Salvader v ot i @  Observation well
4
L

A8 4 Piezometer

0 2 4 8 12 16 — levee systems
— n Kilometers , |— — Outline of domain|

90°10"0"W 90°0'0"W 89°50'0"W

Figure 4.6. The illustration of the levee systems in Greater New Orleans, Louisiana

(Yang & Tsai, 2020)
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Precipitation is abundant throughout the year, with the majority falling between March
and June, while snow is rare (People Stats, 2023). Comparatively, the average annual rainfall in
the US is 38 inches, whereas it's 64 inches in Jefferson Parish, with almost no snowfall. The

climate in Jefferson Parish, Louisiana, is humid and subtropical.

4.4 Foundation design
4.4.1. Foundation type: Shallow Foundation

The shallow foundation design was done to support the external loads. The foundation

was designed based on the General Bearing Capacity equation, proposed by Meyerhof (1963):

— L
q,= CNchchchi + quFququql_ + yBNyFySFdeyi

(4.1)

where

¢’ - cohesion;

q - effective stress at the level of the bottom of the foundation;
Y - unit weight of soil;

B - width of foundation;

N o N " N . bearing capacity factors;

F ,F ,F -shape factors;
¢cs’ qs’ ys

F F

et Foar Fy i depth factors;

F ,F ,F -load inclination factors.
ci’ qi’ vyi

The bearing capacity factors, N . and N SAre determined by Prandtl (1921) and Reissner
(1924), respectively. The relation for Nywas derived by Caquot and Kerisel (1953) and Vesic

(1973). The bearing capacity factors, N oN ; and Ny are found as follows:

NC = (Nq — 1)cote' 4.2)

2 + | mtang'
N, = tan (45 + £e™ (4.3)
Ny = Z(Nq + 1)tane' (4.4)
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Also, the bearing capacity factors can be found with soil friction angles.
DeBeer (1970), Hansen (1970), Meyerhof (1963); Meyerhof and Hanna (1981) proposed

the equations below to determine shape, depth and inclination factors:

N
Fo=1+ @G (4.5)
Fo=1+ (Dtang' (4.6)
Fo=1- 0.4(-D) 4.7)

D
The depth factor factors for —BL < 1 and ¢ = 0 are found as follows:

D
_ L
F, =14+ 0.4(5) (4.8)
F,=1 (4.9)
Fo=1 (4.10)

The load inclination factors are determined as follows:

Cr -1

F.= Fqi =0 -55 (4.11)
— _

Fo=0-5 (4.12)

where

- inclination of the load on the foundation with respect to the vertical.

Given the groundwater table's proximity to the surface, it's crucial to adjust the general
bearing capacity accordingly. The water table is assumed to be situated at 0 < d < B. The

effective surcharge, q, is computed as follows:

q = VDf (4.13)

- ] d ]
y=v +5-7) (4.14)
V' =Y., "7, (4.15)

where
d - distance between the bottom of the foundation and the water level;

B - width of foundation;
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]_/ - weighted average value of the effective unit weight;

D 'S embedded depth;

y' - difference between the saturated unit weight of soil and unit weight of water;

Yous saturated unit weight of soil;
Y, " unit weight of water.

Then, it is important to reduce the general bearing capacity by a factor of safety, FS, as

follows:

qu
q,, = Fs (4.16)

The factor of safety serves to prevent structural collapse under critical conditions. Its
magnitude depends on various factors such as assumptions regarding loading characteristics, the
heterogeneous nature of soil material, and the limited understanding of soil properties like shear
strength parameters (Jumikis, n.d.). According to Alfreds & Jumikis (n.d.), typical factors of
safety values for many soil engineering structures range from 1.5 to 2.5. Moreover, due to
uncertainties surrounding shear strength parameters, a relatively conservative factor of safety of
3 is often employed in shallow foundation design (Das & Sivakugan, 2019). Opting for a higher
factor of safety of 3 accounts for potential hazards such as strong winds and proximity to the

water table, ensuring safety from potential risks.

4.4.1.1. Spread Footing

The further data and assumptions, given in Table 4.2, were used to design a spread

footing.
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Table 4.2. Data and assumptions for the design of the spread footing

Embedded Depth, Df , 1 Assumption Based on Louisiana
m Building Code, 29654,
minimum depth is 304.8 mm
Shape BxB Assumption Due to location of columns
Factor of Safety, FS 3 Assumption Braja M.Das & Nagaratnam
Sivakugan, Principles of
Foundation Engineering,
Ninth Edition, SI Edition,
2017
Soil Layer Fat clay, cohesive | Given
and compressible
clay of high
plasticity
Cohesion, ¢', kN / m’ 2571 Given
Dry Unit Weight, y, 13.67 Given
kN /m’
Saturated Unit Weight 18.38 Given
. 3
of soil, Y eur kN/m
Unit Weight of water, 9.81 Given
Y, kN/ m’
The distance from the 1.21 Given
bottom of the
foundation to the water
level, d, m
Angle of Friction Angle, | 0 Given
w'
Maximum Load on 6696 Calculated
Column, Q, =
designed
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First of all, the effective surcharge, g is found as follows:

y = (18.38 — 9.81) + =21 (13.67 — (18.38 — 9.81))
B

y=18.57 + 225
- 6.171 6.171
q=)/Df=(8.57+ 5—) X 1 =857 +—
For ¢' = 0, the bearing capacity factors are:
N =5.14
Cc
N =1
q
N =0
1

It is assumed that the shape of the spread footing is a square, so that the width = the

length. The shape factors are calculated by following procedure:

— B 1 _
ch_ 1+ 5 x— 7= 119455

F = 1+%tan0= 1
qs

-1 — By =
Fys—l 0.4(%) = 0.6
The depth factors are as following:

— 1y = 04
F =1 +0.4(5) =1+
qu= 1
F =1

yi

It is assumed that the inclination of the load is 0, so the inclination factors are as follows:

F =F =F =1
ci qi yi

The general bearing capacity is determined as follows:

q,=25.71 x 5.14 X 1.19455x (1 +5) x 1+ (857 + =) x 1 x 1 x 1 x 1

q = (166.429399 + -2y /iy
The allowable bearing capacity was calculated as the general bearing capacity divided by

a factor of safety:

96



9, 1 69.3147595 23.10491983

q., = Fs =5 (166.429399 + ————) = 55.47646633 + 5

Then the allowable bearing capacity is found from the following equation by
equalization:

Q673
qall BZ BZ

23.10491983 6473

55.47646633 + 5 =—
B

55. 4764663382 + 23.10491983B = 6473
B =10.59m =~ 10.6m

As a result, the ultimate bearing capacity is determined as following:

69.3147595 69.3147595

2
q, = (166.429399 + —=2722) = 166.429399 + =572 = 172.97kN/m

Consequently, the ultimate bearing load is as follows:

Qu=qu>< A =172.97 x 10.6 X 10.6 = 19419 kN

The allowable load is determined as follows:

The analysis indicates that the spread footing should be a square measuring 10.6 meters
on each side. However, due to the column spacing of 5 meters (across 40 meters) and 6 meters
(across 18 meters) in the structure, a spread footing of 10.9 meters width is not feasible.

Consequently, it is crucial to revise the design of the mat foundation.
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4.4.1.2. Mat Foundation

The footprint of the mat foundation is the same shape of the structure, as in Figure 4.7.

(18x40)m

Figure 4.7. The layout of the mat foundation

The following data and assumptions were used to design the mat foundation:

Table 4.3. Data and assumptions for the design of the mat foundation

Q

designed’

Embedded Depth, D fom 1.5 Assumption According to Louisiana
Building Code, 29654,
minimum depth is 304.8 mm

Width, m 18 Given

Length, m 40 Given

Undrained shear strength, [ 25.71 Given c=c (According to Braja

3

c kN/m M.Das & Nagaratnam
Sivakugan, Principles of
Foundation Engineering, Ninth
Edition, SI Edition, 2017)

The distance from the 0.71 Given

bottom of the foundation

to the water level, d, m

Factor of Safety 3 Assumption According to Braja M.Das &
Nagaratnam Sivakugan,
Principles of Foundation
Engineering, Ninth Edition, SI
Edition, 2017

Maximum Load, 233028 Calculated 36 Columns
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The net ultimate bearing capacity of a mat foundation on a clay is found as follows:

q,= 14 +q (4.17)
u(net)
_ 0.195B i
qu(net) =5 14Cu[1 + L I[1 + 0.4 B ] (4.18)
0.195x18 15 2
Qynery = > 14 X 25.71 x [1 + ———[1 + 0.4—37] = 135.6457233 kN/m

To calculate the net ultimate bearing capacity, considering a mat foundation width of 18

meters, which exceeds 2 meters, the reduction factor, T proposed by Bowles (1996) should be

applied:

B
ro= 1 - 0.25log(=) (4.19)
ro=1- 0.25log(—=-) = 0.7614393726

The corrected net ultimate bearing capacity is determined by the following equation:

Corrected q X r= 135.6457233 x 0.7614393726 = 103.2859945 kN/m2

q

u(net) - u(net)

The effective surcharge is found :

y = (18.38 — 9.81) + = (13.67 — (18.38 — 9.81))

y = 8.771kN/m’
q =YD =8771x 1.5 = 13.156 kN/m’
Then the ultimate bearing capacity is calculated by Equation 17:

g = 103.2859945 + 13.156 = 116.4427445 kN/m’

Then, the ultimate bearing load is as follows:

Qu =q,X% A = 116.4427445 x 18 x 40 = 83838.77603 kN

The allowable load is found as follows:
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The calculations reveal that the final allowable load of 27946.25868 kN falls short of the
designed load of 233028 kN, indicating that the designed mat foundation is unsuitable for the

structure. Further investigation into deep foundation options was undertaken as a result.

4.4.2 Foundation selection

During Capstone 1, it was determined that a deep foundation is suitable to withstand the
load from the structure. The shallow foundation types such as spread footing and mat foundation
are also designed in the section of shallow foundations, but they are not proposed as they do not
satisfy the design requirements. Deep foundation is a type of foundation that supports the loads
from the columns and transfers them from weak, compressible soils to harder, less compressible
soils (Das & Sivakugan, 2019). Different types of piles are utilized in construction, depending on
factors like the expected load, soil conditions, groundwater levels, and installation methods. The
primary materials for pile construction are steel, concrete, and timber. The precast concrete
driven pile (reinforced) was selected for several reasons:

1. Widely recognized for use in soft clay conditions.

2. Capable of withstanding high bending and axial stress.

3. Provides enhanced durability when constructed with appropriate concrete cover and
grade.

4. Requires less time and cost compared to bored piles (Prasad, 2020).

For soft clay conditions, the non-displacement pile installation method was chosen
because:

1. It minimizes disturbance to the surrounding soil.

2. Tt reduces the risk of settlement issues (University of the West of England, n.d.).

4.4.3 Foundation design of deep foundation under axial loading
4.4.3.1 Hand calculation of axial bearing capacity

Estimation of ultimate bearing capacity has shown that single piles are not suitable for
our structure, as they are not capable of carrying loads of internal columns. Therefore, it was
decided to use groups of piles to increase bearing capacity and make the project more
economically efficient. In Capstone I we used center-to-center pile spacing as 3D. However,
distance between columns was not enough for such spacing, it means pile groups would overlap

each other, so we decreased d to 2D.
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To determine bearing capacity of pile groups two methods were used:.

Method 1

ZQu = nlnz(Qp + Qs) (4.20)
Qp = Ap[9cu(p)] 4.21)
QS = ZapcuAL (4.22)

Coimy = undrained cohesion of the clay at the pile tip

nn, = number of piles in a group

The ultimate load-bearing capacity of pile group can be calculated by the following equation

ZQu = nlnz(Ap9cu(p) + ZocpcuAL) (4.23)

Method 1 I
In these estimations it was considered that pile group is acting as a block with dimensions
L XB XL
g g

2Q,=LBc,

N+ 220+ B )c AL (4.24)

Nz = bearing capacity factor (see Appendix A4.22)

L= (n,~ Dd + 2(0/2) (4.25)

B, =(n ~ Dd + 2(0/2) (4.26)

Calculations were done for pile groups with diameters of 0.4 m, 0.5 m and configurations

of 3 X 3and 4 X 4. As two methods were used, lower results’ value was taken as final ZQu.
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Table 4.4. Calculation of allowable bearing capacity
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Figure 4.8. Preliminary piles and group piles location layout
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4.4.3.2. Hand calculation of settlement

4.4.3.2.1. Elastic settlement

Elastic settlement for pile group was calculated by the following equation:

B, .
g0~ VD %
where
Sy = elastic settlement of group piles
Bg = width of group pile section
D = diameter of each pile in the group

s, = elastic settlement of each pile at comparable working load

Table 4.5. Elastic settlement of pile groups

D=0.5m
Lm Bg nxn s ,mm sg ©’ mm
10 2.5 3x3 7.010 12.34
15 9.474 17.32
20 14.864 28.01
25 21.889 4242
10 3.5 4 X 4 7.010 19.83
15 9.474 26.79
20 14.864 42.03
25 21.889 61.91

4.4.3.2.2. Consolidation settlement

4.27)

Consolidation settlement for a group of piles was calculated by 2:1 stress distribution method

with an assumption that transmitted load Qg starts at a depth of 2/3L.

Q
Ao, = B, +2)(,+2)
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Aoi'- increase in effective stress
Bg, Lg- width and length of pile group

z- distance from z=0 to the middle of clay layer

Ae
— 0)

Asc(i) = l Tre,, ]Hi (4.29)
ASC W consolidation settlement of layer
Ae(i)- change of void ratio
€0 initial void ratio
H l_- thickness of layer
Total consolidation settlement of soil is

As_ @ = ZAs ® (4.30)

Chosen length for the pile group is 25m. Therefore, 2/3L = 16.7m
For consolidation settlement we considered piles with a diameter of 0.5m and configurations of

3x3, 4x4.

Table 4.6. Consolidation settlement of pile group

D=0.5m
mm 3x3 4x4

Asc(l) 68.0 70.7
As 21.1 24.5

c(2)
Asc(g) 20.6 24.9
As 109.7 120.1

c(9)
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4.4.2.3 Software calculation of axial bearing capacity and settlement

Firstly, the axial bearing capacity of the deep foundation was verified by GEOS, and then

the settlement was calculated. In Figure 4.9 can be seen that the vertical bearing capacity of the

pile group is satisfactory, these values are further used in PLAXIS 3D.

Analysis of bearing capacity of pile group in cohesive soils

Max. vertical force includes self-weight of pile cap.
Average undrained shear strength along the piles ¢,

Undrained shear strength at base of pile group ¢,

Cohesion group bearing capacity factor Ngg =
Vertical bearing capacity of pile group Ry =
Maximum vertical force Vg =

Rg = 31360,47 kN > 7249,25 kN = Vg4

Vertical bearing capacity of pile group is SATISFACTORY

36,53 kPa

50,00 kPa

20,00
3136047 kN
7249,25 kN

Analysis of settlement of pile group in cohesive soils
Max. vertical force includes self-weight of pile cap.

The depth of substitute found. d = 16,67 m
Maximum service load N = 7048,00 kN
Depth of influence zone hi- = 883 m
Settlement of pile group s = 62,4 mm

Figure 4.9. GEOS verification of axial bearing capacity and settlement

Then the settlement of a group of piles (4x4, 3x3) was simulated in Plaxis 3D. The

maximum load from the structure was 6696 kN from the internal column. For this load, the 4x4

group piles were constructed in Plaxis 3D. The other loads are shown below in Figure 4.10.

iy TS
Selection explorer \

= @) PointLoad_1 .
Fy -3L,00KN -3

Fyi-112,0kN %, [
F i -6696 kN |
F|: 6697 kN e L
M,: 548,0 kNm it
M, 141,0kNm .
M_: 0,000 kN m - |
|
=} DynPointLoad_1 . i
£ |
Model explorer
5 Al
# Attributes library a M
& GF) Stratigraphy *

) Geometry duy
(&) Point loads
@) Beams B —
@) Embedded beams S

@) Plates

@) Interfaces =

@) Soils |’_\ Y

@ -F

Figure 4.10. The load and moment values from the internal column to 4x4 group pile

Figure 4.11 shows the soil profile and 4x4 group pile with loads applied and moments.

The settlement of the soil can be seen in Figure 4.12. The settlement value is 3.783 mm, which is
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less than allowable settlement of 25 mm. Moreover, the settlement for the 3x3 group pile is also

within the limit. The settlement results can be seen in Table 4.7.

Table 4.7. Summary of the settlement results obtained from the simulation and hand calculations

Group piles Number of piles | GEO5, mm | PLAXIS 3D, mm | Hand calculation, mm
Exterior 3 47.6 5.26 151.7

Corner 3 47.6 5.26 151.7

Internal 4 62.4 3.78 182

\

Figure 4.11. The soil profile and 4x4 group pile in PLAXIS 3D
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Figure 4.12. The total settlement of soil for 4x4 group piles in PLAXIS 3D

The staged construction consists of 3 phases, showing the stages of construction .The
final stage consists of applied load, column, group of pile, pile cap. Figure 4.13 below shows the
properties set for a single pile. The point bearing capacity is 81 kN, frictional resistance capacity

is 2424 kN.

Embedded beam - Piles

General Mechanical

Property Unit Value
Properties
Cross section type Predefined -
Predefined cross section type Solid dreular beam -
Diameter m 0,5000
3,068E-3
Stiffness
E kNjm2 21,00E6
Axial skin resistance
Axial skin resistance Linear -
T sicn, sar, max Kh/fm 0,000
T kin, end, max ki fm 2924
Base resistance
F mas kN 81,00

Figure 4.13. The properties of a single pile in PLAXIS 3D
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4.4.4 Group pile design

To withstand the bending and shear, the reinforcement of pile and pile cap is designed

according to the method by Ray S.S.(1994).

4.4.4.1 Pile cap reinforcement

Step 1. Pile cap size determination

Based on the axial load analysis, pile group configuration and its sizes were determined.

The pile cap sizing for various configurations is shown in Table 4.8.

Table 4.8. Pile cap sizing for group configurations

Pile group configurations | Lg, mm Bg, mm H, mm
1 1500 1500 1000
2x2 2500 2500 1000
3x3 3500 3500 1000
4x4 4500 4500 1000

Step 2. Estimation of load on pile.

It was chosen to have a rigid pile cap with backfill of 0.5m.

Table 4.9. Loads

Variables Value Unit

Dead Load, DL 199.4 kN /m2
Live Load, LL 44.3 kN /m2
Height of slab 1000 mm

Pile cap Dead Load 24 kN /m2
Weight of pile cap, Wpl_ le cap Yoo X 1= 24 kN /m2
Weight of backfill, W, il Y, X h=15 kN /m2
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Weight of surcharge, W DL + LL =243.7 kN /mz

surcharge

Figure 4.14. Backfill on pile cap

LC1=1.4DL+1.6LL
LC2=1.2DL+1.2LL+1.2WL
LC3=1.4DL + 1. 4WL
Factored weight of pile cap is Wpc =24 * 1.4 = 33. 6kN/m"2

Wpc + Wsurcharge + Wbackfill = 24 + 243.7 + 15 = 282.7 kN/m"2.

Applying load factor for dead load from weights:
1.2 *282.7 kN/m"2 = 339.2 kN/m"2

Since Lg = Bg , the pile cap is symmetrical M L 1'and M 5 2' are the same.

Sections 1-1 and 2-2 were taken at the face of the column.

Column size = 900mm x 900 mm.
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Figure 4.15. Critical sections for bending
M=M= 4SINZE _ 2478 6kNm

To estimate reaction forces Q - following equations were used:

M M x
Q=241 Ixf” + (4.34)
xx yy
P - vertical load on a group of piles
P=N+ Wpc + Ws + Wb (4.35)
M .~ moment about x axis
M =M +Ne +Hh+M (4.36)
xx x y y x
Myy- moment about y axis
M =M +Ne +Hh+M (4.37)
vy y x x y
I = 3y"(about x axis) (4.38)
I, = Sx’(about y axis) (4.39)
_ Qe
Q,=— (4.40)
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M " =1.4(Q,+0Q,)

(4.41)

M)" = 0.5(Q1+Q2+Q3) (4.42)
M =M/ "+M, (4.43)
M, =M, +M, (4.44)

Table 4.10. Loads on pile group

Q Q, | 00 M oo oM M
1 2 3 %4 | M =M, M, 22 " 22

LC1 570.571 571.00 571.42 2478.60 1599.9 856.50 4078.60 3335.10
LC2(x) 44723 482.01 516.79 2478.60 1447.0 723.02 3925.63 3201.62
LC2(y) 349.84| 482.01 614.18 2478.60 1719.7 723.02 4198.32 3201.62
LC3(x) 421.62 461.83 502.03 2478.60 1405.7 692.75 3884.31 3171.35
LC3(y) 308.00| 461.83 615.66 2478.60 1723.8 692.75 4202.45 3171.35

Step 3. Cover to reinforcement.

Therefore, it was decided to take cover as 75mm that can be used for general purpose.

Step 4. Reinforcement in a pile cap.

Design in x direction.

cu

1
f bd’

cu

111

f = 40N/mm’

fy = 460N/mm2

0.035

For the design in x direction a bar with diameter of 28 mm is assumed.

dx =900 — 75 — 28/2 = 811 mm

The geotechnical report does not consist any information about SO 3 and exposure class.




z = d(0.5 +/(0.25 — 25)) = 763mm

z < 0.95d = 770.45

A = — _ 13629mm?
st 087z mm

A = 615. 4mm”
A JA =22.14 ~ 23
st b

23 bars with diameter of 28 mm with spacing of 161 mm will be used.
Design in y direction.
For the design in y direction a bar with diameter of 24 mm is assumed.

dx= 900 — 75 — 24 — 24/2 = 783 mm
fcu = 40N/mm2
fy = 460N/mm2

Mll
K = —=0.03

cu

z = d(0.5 + \/(0.25 — X)) = 744mm

z < 0.95d = 770.45

A = — - 11203mm?
st 0.87f 7 - mm

A = 615. 4mm”
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19 bars with diameter of 28 mm with spacing of 198 mm will be used.
Step 5. Check the shear stress in a pile cap.

Since Lg = Bg , the pile cap is symmetrical V 3 S'and V44' are the same.

Sections 3-3 and 4-4 were taken at d/5 for the closest pile to the column.

—0.75

L0.16

Figure 4.16. Critical sections for shear stress

4.5¥339.2%1.4°

v, =V, = - = 2142kNm
V" =0,+0, (4.45)

v, =050Q,+0,+0Q) (4.46)
V=V, +V." (4.47)

V,, =V, +V.," (4.48)
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Table 4.11. Shear forces on pile group

33 44' LI33" l,44 L,33 44
LC1 2142 1142.86 1713.01 3284.86 3855.01
LC2(x) 2142 1033.59 1446.05 3175.59 3588.05
LC2(y) 2142 1228.37 1446.05 3370.37 3588.05
LC3(x) 2142 1004.08 1385.50 3146.08 3527.50
LC3(y) 2142 1231.32 1385.50 3373.32 3527.50

3-3 section: shear stress check

a = 4500/2 — 750/2 — 1320 = 555mm

a < 1. de = 1216.5 (enhancement is allowed)

%4
v =-% = 0.92N/mm’

1004

p=—; = 0.236%

v_= 0.45N/mm’ < 0.92

External piles should be moved towards the center to achieve a= 535mm.

2d

a
v

= 3.03

2d
v _=v *
c2 c a

= 1.36N/mm’ > 0.92N/mm’ - 0K

v

4-4 section: shear stress check

a = 4500/2 — 750/2 — 1320 = 555mm

a < 1. de = 1174.5 (enhancement is allowed)

%4
v =-% = 1,09N/mm’

1004
p=—7=0.279%

v = 0.46N/mm’ < 1.09
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External piles should be moved towards the center to achieve a= 535mm.

2d

a
v

= 2.82

=v * 2L = 1.20N/mm’ > 1.09N/mm" - 0K

v

v
c2

!
1.00
L J i
23#28 19428
I I I I
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
U W, v, L

Figure 4.17. Preliminary design of a pile cap

Step 6. Check the punching shear stress in a pile cap.
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Figure 4.18. Punching shear stress in a pile cap

U, = perimeter of column = 2(900 + 900) = 3600 mm

Pile spacing is designed as 1000 mm, which is less than 3 times the diameter of pile,

1500 mm, therefore the punching shear stress at critical perimeter for column is not checked.

U2 = perimeter on punching shear critical for pile load = 4 x 1800 = 7200 mm

From calculations of steps above:
e Ultimate maximum column load, N = 8740.256 kN
e Ultimate maximum pile load, Q = 571.428 kN

Next, column punching shear stress and at perimeter of pile and pile punching shear
stress are calculated as follows:

8740.256x10°

2 2
Ud = Fe00x0sxis+ae9) — 2077 N/mm < 5N/mm 0K

Column punching shear stress =

571.428x10°

=lomerr 2 2
—~cooors = 0-398 N/mm < 5N/mm OK

Punching shear stress at perimeter of pile =
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0 571.428x10°

Pile punching shear stress = = = 0.088 N/‘m‘m2

u,d 7200x0.5(915+899)

Minimum v for Grade 40 concrete = 0.40 N/ mm” is okay.

Step 7. Check the area of reinforcement.

Where,

unsupported length of a pile;

1.2 for piles with fixed pile cap.

0

The unsupported length of the pile is designed as 0. Therefore, the pile is considered as a

short column. Minimum cover is assumed as 75 mm.

e =41 =—""=0.205
£ o0
o= —571':§§§1°3 = 2.286 N/mm"
ko= -+=-0% = 0.852

Minimum reinforcement ratio is determined as p = 1.0% (f o 40N/ mmz).

A_=puR’=0.01 x ™ x 250" = 1963.49 mm’

Minimum reinforcement is used (6 bars).

1963.49

249 = 327.2 mm°

Ast(for a single bar) =
As a result, bar #24 (Ast =452 mmz) is used.
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Step 8. Chear shear capacity of pile.

No shear check is necessary if Mpu/Nu < 0.6h.

M 6
e = LISA) — 381.5mm > 0.6 X 500 = 300 mm
u 308x10

Hence, shear check is necessary.

A = 0.25mh° = 0.25 X T X 500° = 196349.5 mm”

Voo Y39 000322 N/mm’
0.754_ 0.75X196349.5 '
_ 10040 qpo0x1200 0.407
b= 154~ 15x196349.5 =
From Figure X, v, = 0.55.
0.6N xH xh

0.6 X 308 X 0.047 X 0.5 2 2

' — W pw -
v'=v + Ax, 0.55 + 0196 x 1175 0.74N/mm < 5N/mm

As v ' > v, shear reinforcement is not required.
C

Step 9. Check minimum reinforcement in the pile.

1004
s 100x 19635
A T 1963495 1.0 <6 OK

c

Step 10. Containment of reinforcement in the pile.
minimum diameter of links = 0.25 X 24 = 6mm > 6mm OK
maximum spacing of links = 12 x 6 = 72mm OK

Step 11. Minimum tension reinforcement in pile cap.

As(mm) = 0.0013bh = 0.0013 x 4500 x 1000 = 5850 mm° OK

Figure 4.19 below shows the design for a pile and pile cap.
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Figure 4.19. (a) pile and (b) pile cap design



4.4.4.2. Software analysis of reinforcement,

To make a reinforcement analysis we designed a single pile in GEO 5. There is an option
in software that demonstrates the reinforcement details. Additionally, it shows bending moment
and shear force diagrams. Reinforcement details, such as number and diameter of bars, cover are
illustrated in Figure 4.20. Also, it shows that bending, compression, shear and reinforcement
ratio results are satisfactory. It can be seen that the reinforcement details in GEOS are almost the

same with hand calculations.

O @)

6 prof. 24, 0mm,cover 75,0mm

Results

SHEAR. :
SATISFACTORY (0,0%)

BENDING + COMPR. :
SATISFACTORY (13,4%)

Reinforcement ratio :

SATISFACTORY (36,2%)

Figure 4.20. (a) pile reinforcement and (b) GEOS results

4.5. Foundation construction procedure.

Any construction of the building requires a substructure construction procedure. For
instance, during installation of piles it is necessary to control quality and if there are
unsatisfactory results, steps should be redone to reach a sufficient level of reliability and safety.

The flow chart with construction steps is shown in Figure 4.21.
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Substructure Construction

Procedure
e 2 Y r \ ( Y
Site Preparaion Pile Installation Pile Cap Construction

"~ A — > "~ _/

r A h A
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Site Clearing Pile Transportation Floor Slab Construction
. " A vy A J
’ r Y r r Y r . \
Sie Surveying Pile Quality Check Column Construction

o S o J L A

r h 4 A A

Y s Y I I
Soil Testing Pile Driving Completion
N . s A
f y N p v y
Sie Plan Design Quality Control of Pile
‘. » . ”y
I
2 ™
Site Investigation

. | 4

Figure 4.21. Substructure construction procedure
4.5.1. Site preparation.

First of all, preparation starts with the site clearing. Clearing and grading are needed to
divide construction area into working zones, such division allows to speed up logistics and
processing. Next is site surveying in order to determine dimensions, location of public utility and
elevations. The construction is going to be in an urban area. Therefore, it is important to do a
proper site layout to avoid constraints with drainage, natural gas or water systems. After clearing
and surveying, site investigation is needed. To determine the soil profile and soil properties
several boreholes should be placed, as soil layers can be distributed non uniformly. Conduction

of SPT and CPT tests are needed for identification of the soil profile, while testing of samples
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from the boreholes allows to investigate physical, mechanical and chemical properties. Since the
construction site is not seismically active, tests and surveys for seismicity are not required.

Additionally, construction area should be leveled to provide uniform alignment.

4.5.2. Pile installation.

For this project it was decided to install a precast concrete driven pile. After delivery of
piles it is necessary to check their quality level, in terms of their dimensions, concrete strength
and prestressing forces.

The installation of piles should be done properly as soil response, bearing capacity and
settlement are influenced by placement of piles, while placement can be affected by type of
equipment. To choose the right one we compared diesel and hydraulic hammers in terms of their
reliability and efficiency.

Although a hydraulic hammer is heavier, it provides 15 percent higher energy per blow.
In addition, in case of concrete piles hydraulic hammers are more preferred for concrete piles and
create less noise (Justason, n.d). Therefore, it was decided to use a hydraulic hammer instead of a
diesel for this project.

After checking piles’ integrity and setting the equipment the process of installation can be

finished. The pile cap for a group of concrete driven piles is with a height of Im.
4.5.3. Construction control.

Throughout the whole construction process proper supervision is required. It provides
safety not only for the project but also surrounding buildings. Actual conditions at the site may
not be exactly the same as the analyzed results. Therefore, obtaining data in real time and
maintaining consistency with design specifications are crucial construction parts. Additionally,

continuous monitoring allows analysis and evaluation of soil and structure behavior.
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5. Construction Management part

5.1. Project charter

The project charter is defined as a document issued by the project sponsor that formally
authorizes the existence of a project and provides the project manager with the authority to apply
organizational resources to project activities (Project Management Institute, 2017). Figure 5.1
represents the project charter of this project. The main goal is to construct a new 16 story hotel in
Louisiana, USA. The time frame of this project is 2 years (October 2023-October 2025). The
total cost of the project is $12 million dollars (estimated by RSMeans).

Louisiana Economic Development (LED) can be a sponsor of this project, since they are
responsible for providing economic growth and development in Louisiana. The general
contractor is Woodward which is one of the largest construction companies in Louisiana.

Permits are taken from Jefferson Parish Permit Division which is a local authority in

Southeast Louisiana. The project steering committee includes Chief Executive Officer, Supply

Chain Manager and Chief Finance Officer.

Project Name Design of a 16 story hotel building in the Southeast Louisiana, USA

Project Scope The project aims to construct a new 16 story hotel with 111 guest rooms

Project Manager Project Sponsor Project Approval Date Last Revision Date

Bauyrzhan Toleubekov Daulet Nagimetov 05.10.2023 06.10.2023
Project Description Woodward Design+Build intends to design and build the following

1. A 16 story hotel building with 111 guest rooms
2. Parking area for 200 cars
3. Restaurant with panoramic view

Time frame 2 Years

Budget $12.000.000
Name Title Organization

Stakeholders Ward Richard Project Sponsor Louisiana Economic Development (LED)
Tom Abernathy Contactor Woodward Design+Build
Danny Ferrara Local authority Jefferson Parish Permit Division

CEO
Project Steering Committee Supply Chain Manager
Chief Finance Officer
Project Sponsor: Project Manager:
Date: Date:

Figure 5.1. Project charter
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5.2. Feasibility study

Feasibility study is a part of the project initiation phase which determines the potential
success of the project. 3 case scenarios were considered for the feasibility study of this project
(Figure 5.2): worst, optimal and best.

In the worst case scenario occupation of economy class rooms will be 50%, comfort 20%
which will generate about 2 million dollars annually. The payback period in the worst case is 6
years. In the optional case scenario occupation of economy class rooms will be 80%, comfort
70% which will generate about 4 million dollars annually. The payback period in the optimal
case 1s 3.5 years. In the best case scenario, rooms will be booked for 95% (economy) and 85%

(comfort). The payback period will be 3 years.

Worst Optimal Best

Economy 30% Economy 80% Economy 95%
Comfort 20% Comfort 70% Comfort 85%
5550%/day 10,3055/day 12,3085/day
166,5008/month  |309,150%/month 369 225%/month
1,998,000%/year |3,709 800%/year 44307 00%/year

Figure 5.2. Feasibility study
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5.3. Cost/benetit analysis

Cost estimation helps in developing an accurate budget for the project. A well-defined

budget ensures that the project has sufficient funds allocated to complete all planned activities.

Figure 5.3 shows cost estimation made by using RSMeans software. The cost of a 16 story hotel

in Louisiana is $10,925,023. Cost per S.F is $1409.

$10.925.023 31 New Orleans, LA 16 No
Building cost Location Stories Basement
$1,409.68 7.750 11.77 $2,279,646.06
Cost per 5.F. Floor Area Story Height Additive Cost

Figure 5.3. RSMeans Cost Estimation

Figure 5.3 shows more details about cost estimation of substructure which includes

foundation of the hotel. It needs about $200,000 which is 2.35% of the total cost.

Al010

A1020

Al1030

A2010

Substructure

Standard Foundations

Foundation wall, CIP, 4’ wall height, direct chute, .148 CY/LF, 7.2 PLF, 12" thick
Pile caps, 12 piles, 11' - 6" x 8' - 6" x 49", 40 ton capacity, 19" column size, 900 K

column

Pile caps, 14 piles, 11' - 6" x 10' - 9" x 55", 80 ton capacity, 29" column size, 2155 K

column
Special Foundations

Steel H piles, 100' long, 800K load, end bearing, 12 pile cluster

Grade beam, 30" span, 52" deep, 14" wide, 12 KLF load
Slab on Grade

Slab on grade, 4 thick, non industrial, reinforced
Basement Excavation

Excavate and fill, 30,000 SF, 4' deep, sand, gravel, or common earth, on site storage

Quantity

4158.1

0.55

S.')
~
i

1.32
381

484.37

484.37

Figure 5.4. Substracture

% of Total Cost per S.F.

2.35% $24.56
$4.64
$3.88

$0.26

$0.50

$19.62
$11.55
$8.07
$0.30
$0.30
$0.01
$0.01

Figure 5.5 provides cost estimation details regarding the shell. It includes costs of floor

construction, concrete columns, beams, exterior walls, doors and roof. This section needs the

largest amount of resources. The construction of the shell has cost estimation of $4,397,937

which is 54,41% of the total cost.
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Cost

$190,314.35
$35,943.21
$30,049.47

£2,006.18

£3,887.56

$152,016.98
$89,474.31
$62,542.67
£2,290.69
$2,290.69
$63.47
$63.47



B1010

B2010

B2020

B2030

B3010

B3020

C1010

C1020

Shell

Floor Construction

Cast-in-place concrete column, 12, square, tied, minimum reinforcing, 150K load,
10°-14' story height, 135 Ibs/LF, 4000PSI

Cast-in-place concrete column, 16°, square, tied, minimum reinforcing, 300K load,
10°-14' story height, 240 Ibs/LF, 4000PSI

Cast-in-place concrete column, 20°, square, tied, minimum reinforcing, 500K load,
10°-14' story height, 375 Ibs/LF, 4000PSI

Concrete I beam, precast, 18" x 36", 790 PLF, 25" span, 6.44 KLF superimposed load
Precast concrete double T beam, 2" topping, 24" deep x &' wide, 50" span, 30 PSF
superimposed load, 120 PSF total load

Precast concrete double T beam, 2" topping, 24" deep x &' wide, 50" span, 75 PSF
superimposed load, 165 PSF total load

Exterior Walls

Brick wall, composite double wythe, standard face/CMU back-up, 8" thick, perlite
core fill, 3" XPS

Exterior Windows

Windows, aluminum, awning, insulated glass, 4-5" x 5-3"

Exterior Doors

Door, aluminum & glass, without transom, narrow stile, with panic hardware, 3-0"x

T APnnnnina

Quantity

499.11
499.11

499.11
6431.28

7265.62

484.37

58521.6

636.10

0.17

Figure 5.5. Shell

% of Total Cost per S.F.

54.41% $567.48
$284.31

$3.18
$4.43

$6.38
$255.71

$13.66

$0.95
£225.97
$225.97

$53.82
$53.82
$0.28

$0.07

Cost
$4,397,937.01
$2,203,391.03

$24,656.03
$34,349.50

$49,415.38
$1,981,774.82

$105,868.37

£7,326.93
$1,751,270.58
£1,751,270.58

$417,096.80
$417,096.80
£2,159.68

$568.82 *

Figures 5.6-5.7 provides details about the interiors. It includes finishing works of walls,

Roof Coverings

Roofing, single ply membrane, EPDM, &0 mils, loosely laid, stone ballast
Insulation, rigid, roof deck, extruded polystyrene, 40 PSI compressive strength, 4"
thick, R20

Roof edges, aluminum, duranodic, .050" thick, 6" face

Flashing, aluminum, no backing sides, .019"

Gravel stop, aluminum, extruded, 47, mill finish, .050 thick

Roof Openings

Roof hatch, with curb, 1" fiberglass insulation, 2'-6" x 3'-0°, galvanized steel, 165 lbs
Interiors

Partitions

Concrete block (CMU) partition, light weight, hollow, 6" thick, no finish

Metal partition, 5/8"fire rated gypsum board face, no base,3 -5/8" @ 24" OC
framing, same opposite face, sound attenuation insulation

Gypsum board, 1 face only, exterior sheathing, fire resistant, 5/8"
Add for the following: taping and finishing
Interior Doors

Door, single leaf, kd steel frame, hollow metal, commerdial quality, flush, 3'-0" x
70" x 1-3/8"

floors and doors. The cost estimation for interiors is $357.001.

484.37

484.37

381
381
381

688.88

6200

58521.6
58521.6

86.11

Figure 5.6. Interiors
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$2.27
$0.09

$0.25

$1.20

$0.21

$0.52

$0.83

$0.83

4.42% $46.06
$14.16

$0.72

$3.68

$6.23
$3.52
$12.96

$12.96

$1,908.67

$0,262.43
£1,656.34
$4,024.73
$6,448.22
$6,448.22
$357,001.37
$109,741.91
$5,607.21

$28,521.86

$48,303.72
$27,300.11
$100,460.67

$100,460.67



C2010

C3010

C3020

C3030

D1010

D2010

D2020

D2040

D3010

D3030

Stair Construction

Stairs, steel, pan tread for conc in-fill, picket rail, 16 risers w/ landing

Wall Finishes

Painting, interior on plaster and drywall, walls & ceilings, roller work, primer & 2
coats

Painting, interior on plaster and drywall, walls & ceilings, roller work, primer & 2
coats

Ceramic file, thin set, 4-1/4" x 4-1/4"

Floor Finishes

Carpet tile, nylon, fusion bonded, 18" x 18" or 24" x 24", 35 0z

Vinyl, composition tile, maximum

Tile, ceramic natural clay

Ceiling Finishes

Gypsum board ceilings, 5/8" fire rated gypsum board, painted and textured finish,1-
5/8" metal stud furring, 24" OC support

Services

Elevators and Lifts

Traction geared freight, 4000 |b., 15 floors, 10" story height, 200FPM

Traction, geared passenger, 3500 Ib,15 floors, 10" story height, 2 car group, 350

Chaa

Quantity

1.06

11022.22
58521.6

2755.55

6200
775
775

7750

0.01
0.08

Figure 5.7. Interiors

% of Total Cost per S.F.

$2.12
$2.12
$8.35

$0.96

$5.09

$2.30
$5.36
$4.05
$0.27
$1.04
$3.11

$3.11

10.62% $110.80
$6.61
$1.24

$5.37

Cost

$16,458.73
$16,458.73
$64,609.18

$7,433.39

$39,466.97

$17,798.82
$41,573.25
$31,414.78
$2,125.40
$8,023.07
$24,067.63

$24,067.63

$858,729.26
$51,241.45
£9,632.39

$41,609.06

Figures 5.8-5.9 presents details about services which include elevators, energy supply,

of the total cost.

Plumbing Fixtures

Water closet, vitreous china, bowl only with flush valve, wall hung
Urinal, vitreous china, wall hung

Lavatory wj'trim, vanity top, PE on CI, 20" x 18"

Kitchen sink w/trim, countertop, stainless steel, 33" x 22" double bowl
Service sink w/trim, PE on CLwall hung w/rim guard, 22" x 18"
Bathtub, recessed, PE on CI, mat bottom, 5' long

Shower, stall, baked enamel, terrazzo receptor, 36" square

Water cooler, electric, wall hung, wheelchair type, 7.5 GPH

Domestic Water Distribution

Gas fired water heater, commercial, 100< F rise, 500 MBH input, 480 GPH
Rain Water Drainage

Roof drain, CI, soil single hub, 5" diam, 10 high

Roof drain, CI, soil single hub, 5" diam, for each additional foot add
Energy Supply

Commercial building heating system, fin tube radiation, forced hot water, 1mil SF, 10
mil CF, total 5 floors

Cooling Generating Systems

19.37
0.43
19.37
0.13
0.51
19.37
0.43
0.25

0.05

0.13
19.28

8525

Figure 5.8. Services
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$17.01
$7.70
$0.06
$2.76
$0.04
$0.22
$6.03
$0.14
$0.06
$0.20
$0.20
$0.21
$0.05
$0.16
$2.27

$2.27
$11.38

water supply, cooling system, draining system, etc. It will cost about $858,729 which is 10,62%

£131,834.55

$59,645.94
$499.53
$21,397.65
$275.97
$1,709.90
$46,751.88
$1,009.45
$454.23
£1,549.84
£1,549.84
$1,613.45
$356.83
$1,256.62
$17,554.08

$17,554.08

$88,184.93 _

-
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D4010

D4020

D5010

D5020

D5030

Packaged chilier, Water cooled, WIth Tan coil Unit, Medical Centers, ouU,U00 SF, 140,00
ton

Sprinklers

Wet pipe sprinkler systems, steel, light hazard, 1 floor, 50,000 SF

Wet pipe sprinkler systems, steel, light hazard, each additional floor, 50,000 SF
Standard High Rise Accessory Package 16 story

Standpipes

Wet standpipe risers, class II1, steel, black, sch 40, 6" diam pipe, 1 floor

Wet standpipe risers, class III, steel, black, sch 40, 8" diam pipe, additional floors
Fire pump, electric, with controller, 5" pump, 100 HP, 1000 GPM

Fire pump, electric, for jockey pump system, add

Electrical Service/Distribution

Underground service installation, includes excavation, backfill, and compaction, 100"
length, 4' depth, 3 phase, 4 wire, 277/480 volts, 2000 A

Feeder installation 600 V, including RGS conduit and XHHW wire, 60 A

Feeder installation 600 V, including RGS conduit and XHHW wire, 200 A

Feeder installation 600 V, including RGS conduit and XHHW wire, 2000 A
Switchgear installation, incl switchboard, panels & circuit breaker, 277/480 V, 2000 A
Lighting and Branch Wiring

7750

5425
7207.5
0.01

0.05
7.23

100
100
400

Figure 5.9. Services

$88,184.93 «
$24,510.35
$12,209.72
$11,923.37
$377.26
$60,380.34
$709.31
$26,911.98
$29,189.90
£3,569.15
$371,647.74

$89,751.60

£1,601.04
£3,976.50
$164,688.00
$111,630.60
$79,575.77

Security in our hotel is a priority, therefore to provide a safe environment for clients, fire

Receptacles ind plate, box, conduit, wire, 10 per 1000 SF, 1.2 W per SF, with
transformer

Wall switches, 5.0 per 1000 SF

Miscellaneous power, to .5 watts

Central air conditioning power, 4 watts

Motor instzllation, three phase, 460 \, 15 HP moftor size

Motor feeder systems, three phase, feed to 200 V 5 HP, 230 V 7.5 HP, 460 V 15 HP,
575V 20 HP

Motor connections, three phase, 200/230/460/575 V, up to 5 HP

Motor connections, three phase, 200/230/460/575 V, up to 100 HP
Fluorescent fixtures recess mounted in ceiling, 0.8 watt per SF, 20 FC, 5 fixtures
@32 watt per 1000 SF

Communications and Security

Communication and alarm systems, fire detection, addressable, 100 detectors,
includes outlets, boxes, conduit and wire

Fire alarm command center, addressable with voice, excl. wire & conduit
Communication and alarm systems, includes outlets, boxes, conduit and wire,
intercom systems, 100 stations

Communication and alarm systems, includes outlets, boxes, conduit and wire,
master TV antenna systems, 100 outlets

Figure 5.10. Communication and security

detectors, alarm systems, and cameras are installed. This costs about $30.000.

7905

7750
7750
9455

10

500

7750

0.19

0.05

0.06

0.04

$3.00

$0.98
$0.11
$0.60
$2.74

$0.56

$0.01
$0.06

$2.21
$3.63
$1.65
$0.08

$0.86

$0.67

$23,284.34

$7,578.57
$884.43
$4,621.51
$21,247.05

$4,331.57

$94.95
$439.02

$17,094.33
$28,158.09
$12,798.05

$603.94

$6,661.49

$5,212.10
&

Comfort is our next priority, so we need to ensure that furnishing and equipment in our
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and other equipment will cost $2,279,646.06 which is 28,2% of the total cost.

rooms will satisfy clients’ requirements. Fast elevators, restaurant furniture, beds, TV systems



Internet wiring, 2 data/voice outlets per 1000 S.F
D5090 Other Electrical Systems
Generator sets, w/battery, charger, muffler and transfer switch, diesel engine with
fuel tank, 500 kw
E Equipment & Furnishings
E1090 Other Equipment
E1090D10101 G—) 2.00-Traction gearless elevators, passenger, 3000 Ib, 10 floors, 200 FPM
E1090D10101 G—) 2.00-Traction gearless elevators, passenger, 5000 Ib, 10 floors, 200 FPM
EIDQE|]254162® 2.00-Restaurant furniture, bar, built-in, front bar
ElDQD]lzl?B:@ 2.00-Folders, blankets and sheets, king-size with automatic stacker
ELDQEI1121?3:® 2.00-Laundry equipment, combination washer/extractor, 50 Ib. capacity
ELDQEI]32416!® 2.00-Saunas, prefabricated, cedar on cedar, 10'x 12" x 7' h, incl. heater & controls
ELDQEI]25416:® 2.00-Restaurant furniture, bar, built-in, back bar
ElDQD]lzl?B:@ 2.00-Troners, institutional, single roll, 110”
ELDQEI1121?3:® 2.00-Laundry equipment, combination washer/extractor, 125 |b. capacity
E10902?4133:® 130.00-TV systems, VHF reception & distribution, 30 outlets

300.00-Detection system, heat detector, smoke detector, ceiling type, excl. wires &

El09020461:@®) -

2.00
2.00
2.00
2.00
130.00

300.00

28.20%

Figure 5.11. Equipment and Furnishings

$0.37
$0.32
$0.32

$294.15
$204.15
$105.14
$107.37
$0.11
$19.24
$3.90
$3.87
$0.09
$10.22
$9.74
$4.71

$9.14

$2,882.51 *

$2,478.67
$2,478.67

$2,279,646.06
$2,279,646.06
$614,814.00
$832,130.00
$871.20
$149,072.00
$30,201.60
$30,008.00
£696.96
$79,182.40
$75,504.00
$36,539.10

470,857.00

Finally, the total cost of the building is $8,083,628 but there are also contractor’s fee,

architectural fees which makes the total cost of the project about $11,000,000.

300.00-Detection system, heat detector, smoke detector, ceiling type, excl. wires &
conduit

100.0
£1090282313:(®) r;'nm_ﬂl_..

E‘.DQDE?SllQ:@ 10.00-Sound system, amplifier, 250 W, excl rough-in wires, cables & conduits
F Special Construction
G Building Sitework

E1090284611: ()

SubTotal

Contractor Fees (GC,Overhead, Profit)
Architectural Fees

User Fees

Total Building Cost

0-Closed circuit television system (CCTV), surveillance, one station (camera &

300.00

Figure 5.12. Total cost

5.4. WBS

Work Breakdown Structure is a fundamental project management tool which is

0%
0%

100%

25.0%

6.0%

2.0%

$9.14

$18.42

$2.19

$1,043.05
$260.76
$78.23
$27.64

$1,409.68

$70,857.00

$142,780.00

$16,989.80

$8,083,628.05
$2,020,907.01
$606,272.10
$214,216.14

$10,925,023.31

decomposing project scope into smaller and manageable elements. Figure 5.13 shows WBS of

this project which was prepared based on the PMBOK guide. It has main components like

hierarchy and work packages.
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-

Figure 5.13. Work Breakdown Structure

WBS dictionary provides detailed information about each component or work package

included in the WBS. Table X shows a WBS dictionary for this project which includes WBS

level, code, name and description.
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Table 5.1. WBS dictionary

WBS Level WBS Code WBS Name WBS Description
1 1 Hotel The main element of the WBS
2 1.1 Foundation Includes all foundation elements
2 1.2 Structural Includes all structural members of the
project
2 1.3 Mechanical and | Includes all mechanical and electrical
Electrical components of the project
2 1.4 Environmental | Environmental side of the project
3 1.1.1 Site preparation | Initial activities required to prepare the
construction site
3 1.1.2 Pile Installation of steel or concrete piles to
reinforcement provide structural support for
foundation
3 1.1.3 Pile cap Construction of a reinforced concrete
cap to distribute loads from piles
3 1.1.4 Floor slab Installation of reinforced concrete
slabs to form the building's floors
3 1.2.1 Concrete work | General concrete construction
activities
3 1.2.2 Beam Installation of steel reinforcement bars
reinforcement within concrete beams
3 1.2.3 One way slabs Construction of reinforced concrete
slabs
3 1.2.4 Column Installation of steel reinforcement bars
reinforcement within concrete columns
3 1.2.5 Roof Construction of the building's roof
structure
3 1.3.1 HVAC Heating, ventilation, and air
conditioning systems
3 1.3.2 Fire protection | Implementation of fire detection
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1.33 Electrical wiring | Installation of electrical wiring
1.3.4 Elevators Installation of elevators
1.4.1 Waste Implementation of strategies and
management systems for proper collection
1.4.2 Green building | Certification from programs such as
certification LEED
1.4.3 Energy Implementation of technologies and
efficiency practices to reduce energy
measures consumption
1.4.4 Recycling Implementation of recycling programs
to minimize the environmental impact
1.2.5.1 Cover Installation of covering materials
1.2.5.2 Ceiling Installation of ceiling coverings or
finishes

5.5. Scheduling

Project scheduling helps in effectively managing project timelines by defining when specific

tasks and activities need to be completed. This ensures that the project stays on track and is

completed within the allotted time frame. Figure 5.14 shows the time schedule of our project which

is made in Primavera software. All activities have ID, start date, end date, duration and late start

date, finish date. The project started on 5th of October 2023 and will finish on 8th of October 2025.
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Figure 5.14. Schedule

Activity [D Activity Name: Onginal| Early Start Early Finish Late Start Late Finish
Duration
I A1000 Project initiation 0 05-0ct-23 05-0ct-23 12-Aug-21 12-Aug-21
s A1010 Create project team and assign responsib 10 05-Oct-23 20-Oct-23 15-Sep-23 28-Sep-23
m A1020 Conduct initial stakeholder meeting 5 23-Oct-23 30-Oct-23 29-Sep-23 05-Oct-23
= A1030 Finilize project design 10 05-Oct-23 20-Oct-23 13-Aug-21 26-Aug-21
e A1040 Obtain pemmits and approvals 10 23-Oct-23 06-Mov-23 27-Aug-21 09-Sep-21
lm A1050 Bidding process 10 07-Mov-23 22-Nov-23 10-Sep-21 23-Sep-21
= A1060 Initiate construction site 5 23-Mov-23 29-Nov-23 24-Sep-21 30-Sep-21
m A1070 Site cleatring and excavation 15 30-Mov-23 25Dec-23 01-Oct-21 21-0ct-21
e A1080 Soil compaction 15 26-Dec-23 15-Jan-24 22-0ct-21 11-Nov-21
= A1090 Retaining walls 15 16-Jan-24 05Feb-24 12-Nov-21 02-Dec-21
w A1100 Concrete work 15 06-Feb-24 26-Feb-24 03-Dec-21 23-Dec-21
= A1110 Core walls and columns 15 27-Feb-24 18-Mar-24 24-Dec-21 13-Jan-22
= A1120 Steel framing 30 19-Mar-24 29-Apr-24 14-Jan-22 24-Feb-22
= A1130 Slab and floor construction 30 30-Apr24 10-Jun-24 25-Feb-22 07-Apr-22
m A1140 Roof structure 15 11-Jun-24 01-Jul-24 08-Apr-22 28-Apr-22
= A1150 Exterior walls 30 02-Jul-24 12-Aug-24 29-Apr-22 09-Jun-22
m A1160 Electrical wiring 60 13-Aug-24 04-Mov-24 10-Jun-22 06-Sep-22
m A1170 HVAC 90 05-Mov-24 10-Mar-25 07-Sep-22 30-Jan-23
= A1180 Fire protection systems 15 11-Mar-25 3-Mar-25 31-Jan-23 22-Feb-23
= A1190 Power systems 20 01-Apr-25 28-Apr-25 23-Feb-23 30-Mar-23
= A1200 Elevators 20 29-Apr-25 26-May-25 06-Sep-23 05-0ct-23
= A1210 Windows and exterior doors 20 29-Apr-25 26-May-25 31-Mar-23 02-May-23
W A1220 Facade finishes 30 27-May-25 07-Jul-25 22-Aug-23 05-0ct-23
= A1230 Interior works 60 27-May-25 18-Aug-25 03-May-23 08-Aug-23
I A1240 Final inspections 30 19-Aug-25 29-Sep-25 09-Aug-23 26-Sep-23
= A1250 Hand over the project to owner 7 30-Sep-25 08-Oct-25 27-8ep-23 05-Oct-23

Figure 5.15 shows a Gantt chart which is helpful to visualize the project schedule.

2025

Project intiation
Create project team and assign responsibilities
Conduct initial stakeholder mesting

Finilize project design

Obtain permits and approvals

2024
Feb | Mar | Apr | WMay | Jun | Jul | Aug | Sep | Oct |

Bidding process

Initiate construction site

Site cleatring and excavation
Soil compaction

Retaining walls
Concrete work

5.6. Risk management

Core walls and colurns
Steel framing

Slsb and floor construction
Rioof stucture
Exterior walls

Electrical witing

HVAC

Figure 5.15. Gantt chart

Fire protection systems
Power spstems

Elevators
“windows and exterior doors
Facade finishes

|
Nov | Dec Jan Feb | Mar | Apr | May [ Jun Jul Aug | Sep Oct | Nov | Dec Jan F

Interior works

Final inspections
Hand over the: project to owner

Risk management planning is deciding how to approach, plan and execute the risk

management activities for a project (PMBOK, 3rd edition). Proper planning is important to avoid
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unexpected accidents. Risk assessment includes risk matrix, risk rating and risk mitigation
measures. Figure 5.16 shows a risk matrix which assesses every risk based on probability rating
and severity (impact rating). Probability rating has a score range from 1-very low to 5-very high.
Impact rating has scores from 1-very low to 7-high. Risk level is the product of probability rating

and impact rating.

Risk matrix
5-Very High
- 4-High
Probability '8
: 3-Moderate
Rating
2-Low
1-Very low

Moderate-4 [High-7

Impact Rating

Figure 5.16. Risk matrix
Figure 5.17 provides details regarding each assigned risk rating. For example, risk has a
rating of “very high” risk if there is more than 20% cost increase of the project or more than 6

month delay of the project.

Rating--------------- = (Very low Low Maoderate High Very High
Cost Impact of Insignificant cost 5-10% cost 10-20% cost >20% cost
Threat increase <5% cost increase |increase increase increase
Cost Impact of Insignificant cost  |<1% cost 1-3% cost 3-5% cost >5% cost
Opportunity reduction decrease decrease decrease decrease
Schedule Impact of |Insignificant 1-3 months 3-6 months >6 months
Threat slippage <1 month slippage |slippage slippage slippage
Schedule Impact of |Insignificant <1 month 1-2 months 2-3 months >3 month
Opportunity improvement improvement improvement improvement improvement
Probability 1-9% 10-19% 20-39% 40-59% 60-99%

Figure 5.17. Risk rating
Table 5.2 provides a template which is used to respond to risks. It includes ID, risk

source, probability, severity, risk level and mitigation measures.
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Table 5.2. Risk mitigation measures

ID | Risk Source Probability | Severity | Risk Mitigation measures
level
Budget risks
B1 | Budget Overrun 3 4 12 -Monitor project expenses
-Develop a detailed budget
plan with clear cost
estimates
B2 [ Fluctuating 4 2 8 -Monitor market trends and
Material Costs forecast material costs
-Order material in advance
and fix the lowest cost
B3 | Unexpected 2 7 14 -Monitor project expenses
project expenses
Safety risks
S1 Fall Hazards 3 7 -Use fall protection systems
such as guardrails, safety
nets
S2 Electrical Hazards | 3 7 -Conduct regular
inspections and maintenance
of electrical equipment and
wiring
S3 Trenches 3 7 -Use shoring system
Environmental risks
El Soil 2 4 8 -Conduct soil testing and
Contamination analysis prior to excavation
or ground
E2 | Air pollution 2 4 8 -Implement dust control
measures such as water
spraying, dust barriers
E3 Water pollution 2 4 8 -Implement erosion control
measures to prevent
sediment runoff into water
Time risks
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T1 | Weather Delays 2 4 8 -Plan for indoor work or
alternative activities during
inappropriate weather

T2 | Permitting and 1 4 -Start the permitting process
Regulatory early and engage with
Approvals regulatory authorities

proactively

T3 [ Labor Shortages 2 7 -Invest in training and

development programs to
upskill workers

Then, risk with their IDs can be filled into the risk matrix. Figure 5.18 shows an updated

risk matrix with risk IDs.

B2.E1,E2.E3, Tl

Probability

Severity

Figure 5.18. Risk matrix with IDs

5.7. Quality management

Quality management is an important part of project management, since it ensures the high
quality of all processes in the project. Quality is assessed by checklists, metrics and quality
control measures are needed to achieve desired results.

Figure 5.19 shows the quality management process in the project. Quality should satisfy
governmental and organizations’ standards, rules and regulations. After quality planning, quality
assurance should be done based on the quality metrics, checklists and management plan. Any

changes in the quality management should be done through integrated change control.
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Govermental standards, rules

i i Develop project
and guidelines Quality planning

management plan

L
.

, 1y Organization's quality policies,
procedures and guidelines Quality metrics

Quality checklists

Quality management plan

-
L]

Scope statement: project
objectives Approved change
requests
Change
Direct and Manage Project Implementation Perform quality requests
Execution assurance

Quality control

mesurements Approved change
requests Integrated change | [ |
control
i Perform Quality
Close project Controls

Figure 5.19. Quality management process
Quality checklists are lists of criteria, requirements used to systematically evaluate
project deliverables, processes, or activities against established quality standards. Figure 5.20
shows a quality checklist template with an example of concrete. This template has document
number, project name, date, requirements, checklists and boxes for signature. To verify the
quality of the concrete, the inspector should verify the type, grade, dosage and other

requirements for the concrete.
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Document number:

Project name:
Date:

Quality control checklist: Concrete

Requirements Yes No N/A Comments

Verify the type and grade of cement used

Inspect aggregates for cleanliness, gradation, and moisture confent

Verify the type, dosage, and compatibility of admixtures.

Verify that the concrete mix proportions meet design specifications

Verify the accuracy of materials and proportions during batching

Ensure timely delivery of concrete to the construction site

Ensure proper consolidation of concrete using vibrators or other methods

Implement curing methods such as water curing, curing compounds, or curing blankets

Conduct compression tests on concrete cylinders or cores

Perform non-destructive tests such as ultrasonic testing or rebound hammer tests

— O (OG0 |1 | | || [ [ |

—_ —

Maintain records of concrete mix designs, test results

Checked by:

Approved by:

Figure 5.20. Quality checklist
Quality metric is an operational definition that describes, in very specific terms, what
something is and how the quality process measures it. Figure 5.21 shows an example of a quality
metric for piles. Quality metrics template should have ID, category, item. Piles have concrete and
reinforcing steel as the items. Then these items have descriptions like “C35 cast in place
concrete”. One of the most important aspects is the method of measurement and metrics. For
example, a compressive test for concrete should be done in 3,7,14,28 days and it should reach

3000 psi strength.

Template ID:
Date:

Quality metrics

. Method of . .. .
ID Category Item Description ot o Metrics Reference Statistical Sampling
measurement

3.7.14,28 days: 3 sets of cylinder: 10

C35 cast in place | Compressive Test Structural Specification

Concrete concree 3000 psi piles/day
FP1 Bored piles Slump 100 mm (max) |Structural Specification| For each batch of concrete
C Reinforcement . . ) . . Applied load for sample:
Reinforeing Steel #10 bars Tensile Test 60 ksi Structural Specification 2.500 kg

Figure 5.21. Quality metric template
Quality measures are activities which ensure the quality of the project. Measures like
inspection, testing, quality audits, benchmarking and cost estimation are used to enhance the
quality. Their descriptions and frequencies are presented in the Table 5.3 below. Also, there are

responsible people on each quality control measure.
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Table 5.3. Quality measures

# | Quality Description Frequency Performed by
Control
Measures

1 | Inspection Inspection involves examining project | Everyday On site supervisors
deliverables, processes, or work items
to ensure they meet specified
requirements.

2 | Testing Testing involves systematically Everyday On site supervisors
evaluating project deliverables to and Laboratory
verify their functionality, employers
performance, or compliance with
requirements.

3 | Quality audits | Quality audits are systematic Unexpected, Directors and
examinations of project processes and | 1-2/month Governmental
activities to ensure compliance with organizations
organizational policies, procedures,
and standards.

4 | Benchmarking | Benchmarking involves comparing 1/month Directors
project performance or quality
metrics against industry standards or
best practices.

5 | Cost Cost estimation involves predicting 1/quarter Directors,

estimation the monetary resources required to accountants,
complete project activities. economists

5.8. Procurement planning

Procurement management plan is a component of the project or program management

plan that describes how a project team will acquire goods and services from outside of the

performing organization (PMBOK, 3rd edition). Project planning is an important part of project

management because it ensures that resources are allocated effectively by determining what

goods and services need to be acquired from sellers. Also, it plays a key role in cost management

by estimating the costs associated with procuring goods and services.

Figure 5.22 shows the procurement process which occurs in our project during

purchasing products or services.
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Develop Project
Management Plan
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Contact
Administration

Contract
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Figure 5.22. Procurement process

Change control

when and how (PMBOK, 3rd edition). It is an essential part of project management, especially

procurement planning. Quality policies and governmental standards are parts of plan purchase

and acquisition. Plan contracting documents purchases, products, services and then determines

potential sellers. Then seller responses are requested to get a qualified sellers list. Then the

general manager and administration selects sellers based on source selection criteria (Table 5.4).

Usually, the amount of purchases or prices can be changed through change control. Once there

are no more changes, managers contact administration and sign contracts.
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Table 5.4. Source selection criteria

Source selection criteria Description

Understanding of need The product which is planned to be purchased
should be really needed in the project.

Fair cost The product should have a market price or
lower the average price.

Intellectual property rights The seller should have proper certifications.

Technical capability The seller should be technically capable to
finish a specific work at a project.

References from customers from the past It is better to ask their previous customers
about quality.

Procurement documents clearly state the requirements, specifications, and terms of the
procurement process. They provide a common understanding between the buyer and the seller
regarding the goods or services being procured, the desired quality standards, delivery schedules,
and payment terms. The procurement documents for this project are Invitation for bid, Request
for proposal, Request for quotation, Tender notice, Invitation for negotiation and Contractor

initial response. Description of these documents are provided in Table 5.5.
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Table 5.5. Procurement documents

Procurement document

Description

Invitation for bid

Request for commercial proposal

Request for proposal

Requesting proposals from prospective sellers

Request for quotation

Requesting price quotations from sellers

Tender notice

Formal announcement issued by a buyer (such
as a project owner or organization) to invite
potential suppliers or contractors to submit
bids or proposals for the provision of goods

Invitation for negotiation

Formal communication issued by a buyer to
potential suppliers to initiate negotiations for
the procurement of goods

Contractor initial response

Initial communication or response provided
by a potential contractor in response to a
procurement invitation

Qualified sellers list can be also known as vendor list which involves identifying and

selecting suppliers, contractors, and service providers who can supply the necessary materials,

equipment, and services needed for the project. Usually, it includes the vendor's name, category

and their contact information. An example of a vendor list for this project is presented in Table

5.6.
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Table 5.6. Vendors list

Vendor Category Vendor name Contact Information
General Contractor Turner Construction Phone: (504) 555-1234
Email:

info@turnerconstruction.com

Subcontractor Cajun Industries Phone: (225) 555-5678
Email: info@cajunindustries.com
Material Suppliers Boh Bros. Construction | Phone: (504) 555-9876
Email: sales@bohbros.com
Equipment Rental H&E Equipment Phone: (504) 555-4321
Services Email: info@he-equipment.com
Engineering and Design CSRS Phone: (225) 555-8765

Email: info@csrsinc.com

Transportation and Logistics | Dupré Logistics Phone: (337) 555-1098
Email: info@duprelogistics.com

Waste management Waste management Phone: (504) 555-2109
Email: info@wm.com

5.9. Construction safety

Construction safety is one of the most important aspects of project management. It
ensures the safety of workers, visitors, and the surrounding environment on a construction site.
Therefore, safety on the construction site must be assessed and controlled properly. Health and
safety in the workplace are primarily regulated by the Louisiana Occupational Safety and Health
Administration (OSHA) program, which operates under the Louisiana Workforce Commission
(LWC). Louisiana OSHA does inspections to assess construction safety in our project. Figure
5.23 shows OSHA Construction Safety Template which will be used for daily inspections of
general safety on the site. This template must have an inspector’s name, date and signature.
General safety includes activities such as housekeeping, fall protection, emergency exits, fire
protection. Inspector checks the boxes with variants “yes” (means safety assessment is
successful), “no” (means activity is not safe) and “N/A” (means not available-no data). Also, the
inspector writes some important observations, notes, and corrective measures in the provided

space.
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OSHA Construction Safety Inspection

Construction Site Name/
Location

Date of Inspection Inspector's Name

INSTRUCTIONS:

This checklist is designed to conduct a comprehensive safety inspection of the construction site to identify potential hazards and ensure compliance
with OSHA regulations. Carefully review each item and mark the corresponding checkbox to indicate compliance or note any observations and areas for
improvement. Use the "Notes/Observations” section to provide additional details, corrective actions, and any required follow-up

GENERAL SAFETY

Housekeeping: Inspect for cleanliness and clutter-free work areas. Yes No | NA
Fall Protection: Verify the use of fall protection systems (e.g., guardrails, harnesses). Yes No | NA
Emergency Exits: Ensure emergency exits are accessible and unblocked. Yes No | MNA
Fire Extinguishers: Check fire extinguishers for accessibility and inspection tags. Yes No | NA

Observations / Notes /
Corrective actions, if any:

Figure 5.23. OSHA Construction Safety Inspection Template-General safety

Figure 5.24 is a continuation of the template provided by OSHA. It assesses safety
regarding the scaffolding and trenching activities. Scaffolding is a temporary structure that is
used to support construction workers, inspectors, cleaners, and others who need to work at
height. It should be stable and surrounded by guardrails (Figure 5.25). Inspector should verify

that there is a safe access to scaffolding platforms

144



SCAFFOLDING

Scaffolding Construction: Inspect the construction and stability of scaffolding. [ Jves [Ino [ |NA
Scaffolding Access: Verify safe access to scaffolding platforms. D Yes D No [l NA
Guardrails: Ensure guardrails are installed on all open sides of scaffolding. I:‘ Yes [:‘ No [l NA

Observations / Notes /
Corrective actions, if any:

EXCAVATIONS AND TRENCHES

Shoring and Support: Check shoring and support systems in excavations. D Yes D No El NA
Access and Egress: Ensure safe access and egress from trenches. D Yes I:‘ No [l NA
Sloping and Benching: Verify proper sloping and benching of excavations. u Yes D No u NA

Observations / Notes /
Corrective actions, if any:

Figure 5.24. OSHA Construction Safety Inspection Template-Scaffolding, trenches

TOOLBOX TALK ON FALL
PREVENTION
GUARDRAILS SYSTEM

Top-Rail
Mid-Rail
Toe-board

Figure 5.25. Scaffolding guardrails
Regarding the trenches, the inspector must check shoring and support systems. A shoring
system is a temporary structure used to support and stabilize excavations, trenches during

construction (Figure 5.26).
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Figure 5.26. Shoring system

The next important aspect of construction safety is ensuring fall and electrical protection.
Figure 5.27 shows checklists for these activities which include personal fall arrest systems,

safety nets, electrical wire inspection.
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FALL PROTECTION

Personal Fall Arrest Systems: Verify the use of personal fall arrest systems when working at heights. D Yes l:l No I:I NA
Guardrails: Inspect guardrails on elevated platforms and edges. |:| Yes D No D NA
Safety Nets: Ensure the presence and proper installation of safety nets. |:] Yes D No D NA

Observations / Notes /
Corrective actions, if any:

ELECTRICAL SAFETY

Electrical Wiring: Inspect electrical wiring for damages or exposed wires. I:] Yes D No l:] NA
Electrical Panels: Ensure electrical panels are properly labeled and accessible. D Yes D No D NA
Ground Fault Circuit Interrupters (GFCls): Check for the presence of GFCls in wet areas. |:| Yes D No D NA

Observations / Notes /
Corrective actions, if any:

Figure 5.27. OSHA Construction Safety Inspection Template-Fall protection, electrical safety
Figure 5.28 shows a personal fall arrest system which ensures that workers will not fall

when they work on height.

Figure 5.28. Personal fall arrest system
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The most important safety measure is to have safety gear (Figure 5.29) which includes
hard hat, safety glasses, work shirt, construction vest, work pants, construction gloves, leather
boots and fall protection. Inspector must ensure that nobody enters the construction site without

proper equipment.

Hard hat Safety glasses

A — 7o A
=S = ) > ) /
Construction vest

Work shirt

Work pants | i
&/
W Fall proiection

Gloves

Leather boots

5

Figure 5.29. Safety gear
Nowadays, ensuring that everyone on site has safety gear can be accomplished by using
modern technologies. For example, Figure 5.30 shows implementation of face ID technology on
construction site. Camera scans the worker for a helmet, construction vest, gloves and then

turnstiles open.
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Figure 5.30. Face identification for safety gear

Generally, safety in the workplace is protected by Health and Safety in the Workplace
Policy (LA), law stated as of 19 Dec 2023. Law requires that employers provide a safe
workplace for workers.

Any risks should be mentioned in the template by the inspector. Additionally, all risks
should be registered in the risk register. It is a document used to track information about
identified risks throughout the project lifecycle. Table 5.7 shows two examples of registered
risks. Risk ID ensures that risk is registered and it has its unique number. Current status can be
“in progress” and “closed”. Also, the inspector should mention issue description, issue type,
identification date. Then, he assigns a responsible person to mitigate the risk, usually supervisors

are working on it. Every risk should have a response and expected resolution date.
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Table 5.7. Risk register example

ID ([ Current | Issue Issue | Identi [ Assigned | Risk Expecte | Final resolution
status descripti | Type | fied to response d and comments
on date resoluti
on date
1 In Instability | Struct | 19.04. | Supervisor | Conduct 26.04.20 | Risk is eliminated,
Progress | of ural 2024 site 24 additional tests can
foundatio assessment, be done
n provide
additional
reinforceme
nt
2 Closed |[Elevator | Mech | 11.04. | Supervisor | Call 13.04.20 | Elevator is fixed
failure anical | 2024 mechanical | 24
engineer,
identify
cause and
propose
solutions

5.10. Construction site planning

Construction site planning is systematic organization and coordination of all important

elements of a construction project. It provides visual representation of the site which is helpful

for navigation through the construction project. For example, access roads show the path how

construction transports should move in the site. Also, a construction site plan is important for

resource allocation which includes steel, stone depots. Figure 5.31 shows the construction site

plan of our project which includes all important elements such as building foundation, access

roads, excavated ground, etc.
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Water &
. Power o
Plaster Supply

Building Foundation

Figure 5.31. Construction Site Plan

Table 5.8 provides definitions for all elements presented on Figure 5.31.
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Table 5.8. Definitions of elements on construction site plan

Element

Description/Definition

Building Foundation

Foundation of the hotel

Construction Pit

Excavated space for the foundation of a

building

Excavated Ground

Soil removed from the ground during

excavation activity

Trash and Recycle

Place of waste materials generated during

construction activities

Steel Depot (Material stockpile)

Area where steel materials like reinforcement

bars are stored

Stone Depot (Material stockpile)

Area where stone materials gravel, crushed

stone, or decorative stones are stored

Crane

A large, tall machine used to lift and lower
heavy materials and equipment on a

construction site

Crane Radius

The maximum distance from the center of a

crane's rotation to the tip

Prefabricated Parts Building components that are manufactured
off-site in a factory and then transported to the
construction site for installation. For example,
concrete panels

Plaster A mixture of lime, sand, and water that is

applied to interior walls and ceilings to create

a smooth, durable surface for painting or
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decoration.

Water and Power Supply Infrastructure required to provide water and
electrical power to a construction site

wC Restroom facility

Break room A designated area on a construction site
where workers can take breaks, eat meals, and
relax during break time.

Office A temporary facility used as a workspace for

project managers, engineers, supervisors, and

administrative staff

Access Road

A pathway providing entry and exit for
vehicles and equipment to access a

construction site

Conclusion

In conclusion, the comprehensive design process undertaken for the construction of the

16-story hotel in a high wind environment encompassed various disciplines including

architectural, structural, geotechnical, and environmental considerations. Through meticulous

literature review, analytical analysis, and calculations, the project aimed not only to meet the

immediate goal of constructing a functional hospitality facility but also to adhere to sustainable

principles and mitigate potential environmental impacts.

The structural and architectural aspects of the project incorporated LEED principles for

sustainable building design, alongside a thorough evaluation of internal forces, drift, and

deflections to ensure structural integrity. Material selection was guided by both project

requirements and sustainability standards, with a keen focus on longevity and environmental

impact.
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On the environmental front, waste management was carefully considered, with plans
developed for waste collection, disposal, and overall solid waste management. Geotechnical
analyses were conducted to determine foundation suitability, ensuring the structural stability of

the high-rise hotel in the face of varying loads and settlement concerns.

Additionally, construction management strategies were employed to ensure the successful
execution of the project within budget, time, and resource constraints. Risk assessment and
mitigation measures were implemented, alongside efforts to maintain a safe working

environment and uphold the highest standards of material quality and construction practices.

In essence, the culmination of these efforts resulted in a comprehensive design that not
only meets the functional requirements of the hospitality facility but also reflects a commitment
to sustainability, structural integrity, and efficient project management. This project stands as a
testament to the multidisciplinary approach required for the successful realization of complex

construction endeavors in challenging environments.
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Figure A4.23. Values of v, = design concrete shear stress.
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Table A4.12. Area of steel reinforcement for various spacing.

Diameter Perimeter Area Weight Arca of steel reinforcement for different spacings (mm?/m)
{mm) (mm) (mm?) (kg/m)
50mm 75Smm 100 mm 125mm 150 mm 200 mm 250 mm 300 mm
6 18.8 28.3 0.222 566 377 283 226 188 141 113 94
8 25.1 50.3 0.395 1006 670 503 402 335 251 201 167
10 314 78.5 0.616 1570 1046 785 628 523 392 314 261
12 37.7 113.1 0.888 2262 1508 1131 904 754 565 452 377
16 50.3 201.1 1.579 4022 2681 2011 1608 1340 1005 804 670
20 62.8 314.2 2.466 6284 4189 3142 2513 2094 1571 1256 1047
25 78.5 490.9 3.854 9818 6544 4909 3926 3272 2454 1963 1636
32 100.5 804.2 6.313 - 10722 8042 6433 5361 4021 3216 2680
40 125.7 1256.6 9.864 — - 12566 10052 8377 6283 5026 4188
50 157.1 1963.5 15.413 — — — 15708 13090 9817 7854 6545
. 2
Table A4.13. Circular columns - fcu =40 N/mm, k = 0.85.
oR P4 il il p=3.0 p=4.0 p=50 peS0
NR R N R NR* IR NR' R MR iR NR R NRe R
010 5426 0698 60.30 il g 7045 0672 80T 0682 .04 0653 1044 0645 111.80 0838
020 4704 76 52.28 aras 61.02 arme 60.78 G758 78.55 075t 73T 0744 95,19 0738
0.30 3.5 0.8%0 4469 0872 £2.41 0853 60.06 0540 67.69 a1 7530 o824 7 0818
040 3340 o974 9T 095 A5.06 0920 51 0903 58.68 G892 8539 Gaas T2.08 (11118
0,50 74 1.046 3239 7.005 905 oerr 4531 0951 51.41 0838 5743 0528 8341 g2
0.50 2nM 1113 N 1051 M2 1010 40.00 0587 4557 0972 51.04 0062 5645 0.954
one 18.49 1.175 24.07 1093 3037 1040 3572 1.015 4084 0999 4584 a887 50.78 0.979
0.0 14,70 1222 2046 1136 724 1063 n1 1037 %96 1.020 “ns 1.008 812 0999
060 12492 1.255 1.6 1168 .40 1.088 2233 1054 .74 1.037 301 1.024 4212 1015
1.00 10,07 1.287 1521 1794 niz 1116 -1 1.068 .02 1080 3500 1.087 302 1.028
120 TS 1334 185 1228 1751 1154 2242 1.106 2870 1071 0.1 1.058 1304 1.048
1.40 543 1.363 979 1.250 1857 1179 1892 1134 288 1085 26.56 1.073 62 1063
1.60 434 1.381 a2 1.265 1248 1.796 16.24 1.153 1988 1.123 nn 1.096 546 1074
180 180 1,393 70 1.279 10.86 1.208 %21 1.167 1746 1.138 2054 1.114 247 1.093
200 307 1.402 618 1.292 052 1217 1263 1.178 1553 1.149 1839 1.128 21.06 1.108
220 267 1408 543 1.303 863 1.225 1.36 1.186 139 1.158 1657 1.138 19.09 1120
240 237 1413 488 1.311 783 1.231 1032 1.163 127 1.168 15.08 1.145 w42 1129
280 212 1417 438 1.7 716 1.235 945 1.188 1188 1172 13.83 1.1582 15.98 1136
280 183 1.420 400 1.323 660 1239 872 1.203 10.78 1177 2 1157 14.78 1142
300 176 1423 367 1327 812 1243 809 1.206 L1 ] 1.181 11.88 1162 7n 1146
325 159 1.425 3x 1.332 551 1.246 742 1270 817 1185 10.89 1.166 1260 1.181
150 145 1.428 305 1.336 518 1.249 685 1.214 848 1.189 1007 1170 165 1.156
37 133 1.430 281 1339 481 1,252 637 1.217 788 1192 936 1974 1083 1158
400 18 1437 250 1.342 448 1.254 595 1.279 7.36 1195 874 1177 10.42 1162
425 145 1,432 243 1.344 420 1.256 558 1221 650 1.197 an 1179 950 1.165
450 107 1434 227 1.345 395 1.258 525 1223 6.50 1,198 773 1.181 894 1.167
475 1.00 1435 214 1.348 in 1259 496 1225 614 1.201 T30 1.183 845 1.169
500 085 1436 202 1349 354 1.261 410 1226 582 1.203 692 1.185 L1 1471
550 0.85 1437 1.81 1.352 120 1263 425 1229 527 1.205 [¥:4 1.188 726 1174
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