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Project Objectives

—1.1m

The main objectives of this project can be summarized as follows:

O Modeling the structure using ETABS software.
O Structural design and analysis of the superstructure.

O Geotechnical design of the foundation system.
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Project Description

—2.1m

The project has the following main features:

> Located in Jizan City — KSA

> Residential/Commercial Building

‘-

» Consists of thirteen (13) floors

> Land area is 2024.05 m2

> Typical floor footprint area is 857.29 m2

> Typical Floor height is 3 m

* Civilization Engineering Consulting Office
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Typical Cross section
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Project Description
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SPECIFICATIONS

THE STRUCTURAL DESIGN AND ANALYSIS WERE PERFORMED ACCORDING TO:

« ACI 318-11 Code : American concrete institute
« SBC: Saudi Building Code

DESIGN IS CONSIDERING THREE IMPORTANT REQUIREMENTS:

« Safety, economy and serviceabllity
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Design and Load Calculations

— 41w

m Load Calculation

1) Dead Load Calculation (Saudi Building Code)

Unit weight Thickness

2

Dead Load (KN/m? (cm) W (KN/m®)
Partitions - - 0.40
Tiles 24.00 1.00 0.24

Mortar 20.50 1.00 0.21 O

Sand 17.00 5.00 0.85
Concrete Slab 24.00 26.00 6.24
Plaster - - 0.25
Total service load per unit area W (KN/m?) 8.19




Design and Load Calculations

— 42w

m 2) Live Load (According to SBC)

Live Load

(KN/m?)
Basement Floor 2.00
Ground Floor 5.00
First Floor 10.00
Second Floor 3.00
Third Floor 3.00
Fourth Floor 5.00
Fifth Floor 3.00
Sixth Floor 3.00
Seventh Floor 3.00
Eighth Floor 3.00
Ninth Floor 3.00
Tenth Floor 3.00
Roof Deck Floor 3.00

15




Design and Load Calculations

—43=

m 3) Ultimate Load (for each floor)

Wu (KN/m?) =
1.2DL+1.6LL

Live Load 1y | oad (KN/m?)

(KN/m?)

16

Basement Floor 2.00 8.19 13.02
Ground Floor 5.00 8.19 17.82
First Floor 10.00 8.19 25.82
Second Floor 3.00 8.19 14.62
Third Floor 3.00 8.19 14.62
Fourth Floor 5.00 8.19 17.82
Fifth Floor 3.00 8.19 14.62
Sixth Floor 3.00 8.19 14.62
Seventh Floor 3.00 8.19 14.62
Eighth Floor 3.00 8.19 14.62
Ninth Floor 3.00 8.19 14.62
Tenth Floor 3.00 8.19 14.62
Roof Deck Floor 3.00 7.79 14.14




m Preliminary Design

> Slabs

yp€
"hickness

> Columns

Design and Load Calculations

— 41w

Two way solid slab - Flat Plate

26 cm ‘ No punching shear

Basement Floor Im*1m

Ground Floor Im*1m

First Floor Im>*1m
Second Floor 0.8m *0.8m
Third Floor 0.8m *0.8m
Fourth Floor 0.8m *0.8m
Fifth Floor 0.7m*0.7m
Sixth Floor 0.7m>*0.7m
Seventh Floor 0.7m*0.7m
Eighth Floor 0.5m *0.5m
Ninth Floor 0.5m *0.5m
Tenth Floor 0.5m *0.5m
Roof Deck Floor 0.5m *0.5m

17
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Modeling Design & Analysis

—o.1lm=

* ETABS 2016 software



TYPICAL SLAB

Modeling Design & Analysis

—5.2"

1
]

*ETABS 2016 software
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Modeling Design & Analysis 21

—5.3m=

m ETABS software was used to create 3D model to perform design and analysis.
m  Actual deflection is less than the allowable deflection (According to SBC).

m  Actual drift in X & Y directions is less than the allowable limit (According to SBC).

Columns sizes and slabs thickness are accepted !
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Analysis
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Reinforcement Detalls

—2.o"

ROOF DECK SLAB REINFORCEMENT IN X-DIRECTION
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Reinforcement Detalls

—5.0=

ROOF DECK SLAB REINFORCEMENT IN Y-DIRECTION
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Reinforcement Detalls

— 2./ ™

3D CROSS SECTION IN SLAB

Top Steel Top Steel
#3 (@ 50 cm o'c #3 (@ 50 cm o'c

Bottom Steel
#4@ 25 cm o/c

Bottom Steel
#4 @ 25 cmelc

1 vpical Slab Cross Section Roof Deck
(D-E)-(15-14)

25

* AUTOCAD 2016 software



Column Cross Section

Reinforcement Detalls
—538m
COLUMN REINFORCEMENTS
Steel Tie
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Reinforcement Detalls

—5.9m=

COLUMN REINFORCEMENTS

0.04 m

Steel B
449

Steel Tie

217

#4 (@ 45 cm

Steel Tie ® r -
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SHEAR WALL

Reinforcement Detalls

—5.10 =

Lw

Iwo Lavers of

hw

Spacing < Lw/3
<3 h
< 46 cm

REINF > 0.25%
OF GROSS AREA

28
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Reinforcement Detalls

—o.11lm

SHEAR WALL

E . » N
g E » 3
- j L
Vertical Steel
#3 @ 23 emcelc
B a2
0.04m -+
|
=
P a|
Horizontal Steel
#4 @ 45 cme/e |3
B a2
Vertical Steel
#4 @ 42 em c;"ch“i
|
— -
e
020 m

Typical Shear wall Cross
Section (Axes (O-135)
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SUMMARY

OF EQUATIONS

ACI Code 9.2

U=1.2DL+1.6LL

ln
hn = 25

oV, = 8 (401, ) b, d

16 dy .-, 48 d;;., Or Smaller Dimension Of Column

[
gw, 3h,or 46 cm

h
P (miny = 0.0025 + 0.5(2.5 — l—“’)(pl —0.0025)
w

P¢ (min) = 0.0025

ACI Code Table 9.5 (c)

ACl Code 11.11.2.1

ACI| Code 7.10.5.2

ACI| Code 11.9.9.2

ACI| Code 11.9.94

ACI| Code 11.9.9.2

Ultimate load or load combination

Minimum thickness of slab based on deflection

Minimum effective depth of slab to prevent
punching shear

Vertical spacing of ties in columns

Spacing for horizontal and vertical
reinforcements in the shear wall

Minimum vertical steel ratio in the shear wall

Minimum horizontal steel ratio in the shear wall

30
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Geotechnical Design

@=0°, V=165 KN/'m2, Cu=25 KPa

15m Clﬂ}f

1

lI'*'Il 'I'r LT 'I'r lI'*'Il 'I'r T.‘T 'I'r lI'*'Il 'I'r 'I'*'!' Tf lI'*'Il 'I'r lI'*'Il T;' lI'*'Il

Rock

Soil Profile

* Laboratory Simulation of Field Preloading on
Jizan Sabkha Soll
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—06.2m

Geotechnical Design

Soil Founded:

Submerged Clay

Selected Foundation System: Piled Mat Foundation

Factor of safety:

3

Mat Foundation:

Thickness = 1.5m

1. Net bearing capacity:

2. Pile Foundation:

Ou(net) = 147.2 KN/m?

qall(net)= 43 KN/mZ

Diameter = 0.325 m
Q,, = 1165.89 KN

Total number of piles = 152

33



Geotechnical Design

—6.3m

Mat Foundation with applied loads (DL+LL)

34
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Geotechnical Design

- 6.4m >

= Soll Bearing pressures values are higher than allowable net bearing capacity

Y q max=223.9 KN/m2
2
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Geotechnical Design

—6.Oom

= Design of Mat foundation: Strip Method
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Geotechnical Design

—0.0m

= Design of Mat foundation: Bottom & Top steel rebar in X & Y - direction

Top steel Bottom steel

X 4#8 @ 85 mm c/c #8 @ 125 mm c/c

#8 @ 110 mm c/c #3 @ 250 mm c/c



= Piles Design

— 6./

Geotechnical Design

Total vertical loads: Q,,,=163828.6 KN

Pile Diameter (m)

Number of piles

0.325 (Selected) 1165.89 141
0.4 1718.72 96
0.5 2621.36 63
0.6 3713.18 45

38



Geotechnical Design

—6.8m

39

= Group Of Piles

Pile spacing
File cap (center to cenler)

e v | e e e wichfi

AT T A T T -1,'; e

e

(a) 3D View
(b) Top View For The Foundation

* Das, 1999 slides Chapter 8: Group Piles



Geotechnical Design

—6.9n

= Piles Spacing and Dimensions

0.325 m Pile diameter @ 2.5 m
c/c both direction (8X19)
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Pile Foundation Plan

* AUTOCAD 2016 software
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SUMMARY
OF EQUATIONS

U=1.2DL+1.6LL ACI Code 9.2 Ultimate load or load combination
0.85f, ACIl Code 10.2.7.1 Concrete stress
B , Minimum effective depth of Mat foundation
oV, = 6 (4\/f) b, d ACI Code 11.11.2.1 o prevent panching shear
95B D¢ Allowable net bearing capacity of Mat
Gneccay = 1713 ¢y (1 +———)(1 + 04— Mayerhot 1963 foundation
M M
g=S42xpry
AT LT T
- BL3
¥\ 12
~ (LB® Mechanics of Materials Flexural Formula
by =\77 book by Hibbeler
Q=01 +0Q,+0Q3+ - +0,
M, =Qey



SUMMARY
OF EQUATIONS

My =0 A f,(d =)

Reinforced concrete

book by MacGregor Bending Moment design

Ak
0.85f./b
Qu = Qp + Qs
Foundation
Qp = qp * A, engmeegr;% book by pile capacity

0= Y weup i



CONCLUSION
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- Design a Thirteen-Story commercial-residential building using two-way solid slab systems.

.- Develop 3D-model for the whole building using ETABS software.

- The design was performed based on ACI and Saudi Building Code.

CONCLUSION

. Geotechnical design for substructure was carried out. Piled-raft foundation system was used

because of very weak soll.

- Drawings are provided to show the final design for the project.
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