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1 Structural Analysis
1.1 Design Brief
eFORCE has carried out the design check of the existing building using the
compressive strength obtained from core testing.
1.2 Design Standards

Design check was carried out to meet the requirements of the following standards and
design guidelines:

ACI 318-14 Building Code Requirements for Structural Concrete and
Commentary

ASCE 7-05 Minimum Design Loads for buildings and other Structures

IEBC 2018 International Existing Building Code

1.3 Material Properties
I. Concrete Compressive Strength

Floor Level Columns f'c Slabs/Beams f'c
Ground 19.6 16.6
Roof 19.6 16.6

II. Reinforcement Steel Yield Strength
Fy = 420 MPa for flexure bars
2 Design Loads

2.1.1 Design loads

The below loads were considered in the review of the structural elements
analysis and checking.

I. Gravity Loads, refer to the below table

Location SDL LL
Roof (Inaccessible) 3.0 kPa 1.0 kPa
Roof (Accessible) 3.0 kPa 1.5 kPa
Block Works (200mm thk.) 10.0 kPa -
Ribbed and Waffle slab filler 1.0 kPa -

Self-weight is automatically calculated by the design software.
Refer to below screen shots from ETABS for Loads allocation.

II. Wind Load

Automatically computed by ETABS software according to ASCE 7-05.
Basic Wind Speed = 100 mph

Exposure Category = C

Importance Factor = 1.0

Gust Factor = 0.85

el, e2 =0.15
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III. LOADS RUN DOWN GYMNASIUM

At this point, the investigations to determine the mechanical characteristics of
the crossbeams are not planned yet, the technical solution for reinforcing the
beams has not been determined and validated.

In order to take into account, the additional load due to the reinforcement, the
dead weight is increased by 30%. However, in a conservative posture, this
coefficient does not have to be applied in combination with a negative pressure
wind.
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Figure 2-1 reactions from Robot structural refer to Appendix-A

IV. LOADS RUN DOWN AUDITORIUM

At this point, the investigations to determine the mechanical characteristics of
the crossbeams are not planned yet, the technical solution for reinforcing the
beams has not been determined and validated.

In order to take into account, the additional load due to the reinforcement, the
dead weight is increased by 30%. However, in a conservative posture, this
coefficient does not have to be applied in combination with a negative pressure
wind.
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Figure 2-2 reactions from Robot structural refer to Appendix-A
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3 Design Load Combination

3.1.1

II.
III.
Iv.

VI.

3.1.2

I1.

I1I.

Iv.

Load combination for Vertical Elements

The structure shall be checked for limit state load combination in accordance
with ASCE 7-05

14D

1.2D+16Ln+1.6Ln+ 1.61Lp
1.2D+05Lth+1.0Lh+10Lp£t1.6W
1.2D+05Llkh+10Lh+10Lp£1.6W
09D+1.6W

09D +1.6W

Load Combinations for Slab Design
The following load combinations will be used in the design of the PT slab

Serviceability Limit state
1.0D+10Lh+1.0Ln+1.0Lp

Ultimate Limit State
1.2D+16Lh+16Lh+1.6Lp

Crack-section analysis

Immediate Al=1.0D+ 1.0+ 1.0+ 1.0 Lp
Immediate Sustained = 1.0 D + 0.25 Ln + 0.25 Lh + 1.0 Lp
Long Term Sustained= 1.0D + 0.25Ln + 0.25Ln + 1.0 Lp

Total Long-Term Deflection:

Immediate All - Immediate Sustained + Long Term Sustained

4 Design Software

The software ETABS 2016 is used for the analysis of the structural frame of the
building and the design of vertical elements and beams.

The software SAFE 2016 is being used for the design check of the slab and beams.

5 Analysis and Design Procedure

5.1 ETABS Model

The structure is modeled using structural programs ETABS for analysis using a
Finite Element Method in order to study the stability, deformation and forces
acting on each member of the structure due to vertical and wind loads.

In general, the slab and beams will transmit the loads to the vertical support
going down to the foundation.
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In ETABS analysis, the lateral stability shall be satisfied through RCC Shear
Walls, Columns and Beams with sufficient stiffness that can satisfy all the
requirements in strength.

For the ultimate strength analysis and design, the following stiffness
modification factor for each element shall be applied considering the crack

section.

Solid Slab - 0.25
Rib/Waffle Slab - 0.25
Beams - 0.35
Columns - 0.70
Walls - 0.70
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5.1.1 GYMNASIUM PART

Figure 5-1 ETABS 3D Model for gymnasium part
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Figure 5-3 Walls, Slabs and Beams Section Assignment at Roof Floor Level
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Figure 5-9 Live Load at Roof Floor Slab (LL Roof)

5.1.2 AUDITORIUM PART

Figure 5-10 ETABS 3D Model for Auditorium part
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Figure 5-14 Live Load Dead Load at GROUND Floor Slab (LL)
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Figure 5-15 Blockworks Load at GROUND Floor Slab (Block)
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Figure 5-18 Live Load at Roof Floor Slab (LL Roof)
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5.1.3 SWIMMING PART
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Figure 5-21 Walls, Slabs and Beams Section Assignment at Roof Floor Level
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5.2 SAFE Model

The slab and beam analysis and design shall be performed using SAFE software.
Ground Floor, Typical Floor and Roof floor in ETABS model are exported to SAFE

model to check the design of slab and beams.

5.2.1 GYMNASIUM PART
I. Ground floor

Figure 5-28 3D View at GROUND Floor
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I. Roof Floor

Figure 5-32 3D View at Roof Floor
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Figure 5-34 Design Strip Layer A at Roof Floor
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5.2.2 ADITORIUM PART
I. Ground floor

Figure 5-35 3D View at GROUND Floor
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Figure 5-38 Design Strip Layer B at GROUND Floor

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed
without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 33 of 103




'pRcE

II. Roof Floor

Figure 5-39 3D View at Roof Floor
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5.2.3 SWIMMING PART
I. GROUND
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II. Roof Floor
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6 Design Result

6.1 ETABS Design Result (Walls and Columns)

I. Column Design

In the design of concrete columns, longitudinal steel is specified. Then, the
program calculates the column stress in terms of a column capacity ratio, which
is a factor that gives an indication of the stress condition of the column with
respect to the capacity of the column.

The factored axial force and bending moments obtained from each loading
combination was used to check the capacity of the column. PMM D/C ratio which
is greater than 1.0 indicates that the column is not safe. Based on the design
results, all columns at Ground Floor are found to be inadequate wherein PMM
ratio exceeded 1.0. due to lower concrete compressive strength and its double
height length. In addition, a few columns at Roof floor are also found to be
under design. The unsafe columns are highlighted in red shown in Figure 6-1.

For shear reinforcement, the programs determine the required reinforcement
considering the effect of the axial force on the concrete shear capacity. The
maximum required shear reinforcement is checked with the existing shear
reinforcement (2LT8-200 = 500mm?/m) and found to be sufficient. The required
shear reinforcement for both minor and major shear.

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed
without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 42 of 103




Cronce

6.1.1 GYMNASIUM PART

Figure 6-1 Column PMM Ratio at Ground Floor
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Figure 6-2 Column PMM Ratio at ROOF Floor
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Figure 6-3 Shear Reinforcing
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6.1.2 AUDTORIUM PART
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Figure 6-4 Column PMM Ratio at Ground Floor
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Figure 6-6 Shear Reinforcing

Shear Wall Pier Design

Uniform Reinforcing pier section is specified for each wall pier to be checked, the
program creates an interaction surface for that pier and uses that interaction
surface to determine the critical flexural demand/capacity ratio for the pier. The
wall pier demand/capacity ratio is a factor that gives an indication of the stress
condition of the wall with respect to the capacity of the wall.

For pier shear reinforcing, the pier horizontal shear reinforcement requirements
reported by the program are based purely on shear strength considerations. The
minimum shear rebar requirements to satisfy spacing consideration is check
independently. The provided shear reinforcement shall satisfy the required shear
reinforcement reported by the program.

Based on the results, the existing vertical reinforcement (T12-200) and
horizontal reinforcement (T8-200) are sufficient. Therefore, wall pier design is
adequate.

The Pier D/S ratio and pier shear reinforcing are shown from Figure 6-4
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Figure 6-8 Pier Shear Reinforcing
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6.1.3 SWIMMING PART

Figure 6-9 Column PMM Ratio at Ground Floor

| | | | | | | | |
Figure 6-10 Column PMM Ratio at ROOF Floor
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Figure 6-11 Shear Reinforcing

III. Shear Wall Pier Design

Uniform Reinforcing pier section is specified for each wall pier to be checked, the
program creates an interaction surface for that pier and uses that interaction
surface to determine the critical flexural demand/capacity ratio for the pier. The
wall pier demand/capacity ratio is a factor that gives an indication of the stress
condition of the wall with respect to the capacity of the wall.

For pier shear reinforcing, the pier horizontal shear reinforcement requirements
reported by the program are based purely on shear strength considerations. The
minimum shear rebar requirements to satisfy spacing consideration is check
independently. The provided shear reinforcement shall satisfy the required shear
reinforcement reported by the program.

Based on the results, the existing vertical reinforcement (T12-200) and
horizontal reinforcement (T8-200) are sufficient. Therefore, wall pier design is
adequate.

The Pier D/S ratio and pier shear reinforcing are shown from Figure 6-12
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Figure 6-12 Pier D/C Ratio at gymnasium part

Figure 6-13 Pier Shear Reinforcing at gymnasium part

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed
without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 52 of 103




o [=|

Figure 6-14 Pier D/C Ratio at Auditrium part
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Figure 6-15 Pier Shear Reinforcing at Auditrium part
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Figure 6-16 Pier D/C Ratio at Swimming Part
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Figure 6-17 Pier Shear Reinforcing at Swimming Part
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6.2 SAFE Design Result (Slabs and Beams)

6.2.1 Slab Design

The slab design has been carried out by checking the long-term deflection, Crack
width and flexure. The Ground floor slab, Typical Floor slab and Roof floor slab
are exported by ETABS and analyze using SAFE software.

Long term deflection is checked with the allowable deflection limit of L/240. The
long-term deflection for each floor is found to be within the allowable limit.

For flexure, the slab design procedure involves defining sets of strips in two
directions. The locations of the strips are based on the location of the rib slab.
The moments for a particular strip are recovered from the analysis, and a
flexural design is carried out based on the ultimate strength design method (ACI
318-14) for reinforced concrete as described in the following sections. The slab
design moments were integrated across design strips and design the required
reinforcement. The required flexural reinforcement of the existing slab is
calculated and checked with the provided reinforcement (refer to Approved
structural drawing nos. AD/23/76/S101 and AD/23/76/S09). The flexural
reinforcement for each design strip is checked and found to be sufficient.
Therefore, the slab design is adequate.
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Figure 6-18 Reinforcement at Ground Floor Level as per as-built drawings refer to
APPINDIX B
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6.2.1.1 Gymnasium part

A. Ground Floor

drawings refer to APPINDIX B

The computed maximum deflection at Ground Floor is summarized below.

Lenath Allowable Computed
Label ng ! deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 >0 20.83 11.5 the allowable deflection
L 41

- - b b v oo o0 o o

Figure 6-20 Long-Term Deflection at Ground Floor Level
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Figure 6-21 Slab Strip Design - Layer A - Top Reinforcing —-3T8 mesh at Ground
Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-22 Slab Strip Design - Layer B — Top Reinforcing -5T10-mesh at Ground
Floor Level as per as-built Drawings refer to Appendix B
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B. Roof Floor
The computed maximum deflection at Roof Floor is summarized below.

Allowable Computed
Label Ler:gth, deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 >-00 20.1 /.8 the allowable deflection
B H
H H
H m 1 4 m (! 1 m ! A m ! A m ! A m (Y | m m (A | H

Figure 6-25 Long-Term Deflection at Roof Floor Level
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Figure 6-26 Slab Strip Design
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Figure 6-27 Slab Strip Design - Layer A -Bottom Reinforcing at Roof Floor Level

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed

without preliminary written authorization.

eFORCE/1104/24 Ver. R1

Page 60 of 103




6.2.1.2 Auditorium part

A. Ground Floor

Crorce
7R o)

The computed maximum deflection at Ground Floor is summarized below.

Length Allowable Computed
Label ng ! deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 6.0 25.00 19.51 the allowable deflection

Figure 6-28 Long-Term Deflection at Ground Floor Level
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Figure 6-29 Slab Strip Design — Layer A - Top Reinforcing —5T8 for Ribs and 5T10
mesh for solid slab at GROUND Floor Level as per as-built Drawings refer to
Appendix B
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Figure 6-30 Slab Strip Design - Layer A - bottom Reinforcing -2T16-mesh at
ground Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-31 Slab Strip Design — Layer B - Top Reinforcing -6T12 mesh —Bottom Reinforcing at
ground Floor Level as per as-built Drawings refer to Appendix B

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed
without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 64 of 103




EfopmngFrERural]

2. i ;1-!;'-[ |
&

4

Figure 6-32 Slab Strip Design - Layer B -6T12 mesh -Bottom Reinforcing at Ground Floor

Level as per as-built Drawings refer to Appendix B at Ground Floor Level
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B. Roof Floor
The computed maximum deflection at Roof Floor is summarized below.

Allowable Computed
Label Le':f:th’ deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 /.85 32.7 18.5 the allowable deflection
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Figure 6-33 Long-Term Deflection at Roof Floor Level
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Figure 6-34 Slab Strip Design - Layer A — Top Reinforcing — 5T10 for Ribs at Roof
Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-35 Slab Strip Design — Layer A -2T10 for Ribs at Bottom Reinforcing at
Roof Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-36 Slab Strip Design - Layer B -2T12 for Ribs at Bottom Reinforcing at
Roof Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-37 Slab Strip Design — Layer A -2T12 for Ribs at Top Reinforcing
Floor Level as per as-built Drawings refer to Appendix B

at Roof
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6.2.1.3 Swimming Part

A. Ground Floor
The computed maximum deflection at Ground Floor is summarized below.

Length Allowable Computed
Label r?n ! deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 >0 20.8 6.8 the allowable deflection
| i i il i i i i i |

Figure 6-38 Long-Term Deflection at Ground Floor Level
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Figure 6-39 Slab Strip Design - Layer A - Top Reinforcing -4T8 for Ribs and 5T10
mesh for solid slab at GROUND Floor Level as per as-built Drawings refer to
Appendix B
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Figure 6-40 Slab Strip Design - Layer A - bottom Reinforcing -4T8-mesh at ground
Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-41 Slab Strip Design - Layer B - Top Reinforcing -5T10 mesh -Bottom Reinforcing at
ground Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-42 Slab Strip Design - Layer B -5T10 mesh -Bottom Reinforcing at Ground Floor
Level as per as-built Drawings refer to Appendix B at Ground Floor Level
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A. Roof Floor
The computed maximum deflection at Roof Floor is summarized below.

Length Allowable Computed
Label m r deflection, deflection, Remarks
mm mm
Computed Deflection is within
1 19.2 80 31 the allowable deflection
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Figure 6-43 Long-Term Deflection at Roof Floor Level
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Figure 6-44 Slab Strip Design - Layer A — Top Reinforcing — 5T10 for Top
Reinforcing at Roof Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-45 Slab Strip Design — Layer A -5T10 for at Bottom Reinforcing at Roof
Floor Level as per as-built Drawings refer to Appendix B
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Figure 6-46 Slab Strip Design - Layer B =5T10 for Bottom Reinforcing at Roof Floor
Level as per as-built Drawings refer to Appendix B

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,
Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-
© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed
without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 79 of 103




|
.
i
=
£3
-Em-
B
EZ
EZ

2
,2| L ——
3-
1k
2 4= <
2 147 7
2.5 =1
2L
2
q-
133
KL, =
2
s
2 b [TE
2. BT
2,% Tz
o e
2
2- e
3.
2.
il
B
R =i
-1,
=

R e T

Figure 6-47 Slab Strip Design - Layer A -5T12 for Top Reinforcing at Roof Floor
Level as per as-built Drawings refer to Appendix B

6.2.2 Beam Design

SAFE calculates and reports the required areas of reinforcement for flexure, shear,
and torsion based on the moments, shear forces, torsion, load combination factors,
and other criteria described in this section. The reinforcement requirements are
calculated at each station along the length of the beam.

The beam top and bottom flexural reinforcement is designed at each station along
the beam.

The shear reinforcement is designed for each load combination at each station
along the length of the beam.

These reinforcements are checked with the provided shear reinforcement and
found to be sufficient. Therefore, design of beams is adequate.
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6.2.2.1 Gymnasium part

A. GROUND Floor
e Longitudinal Bar
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Figure 6-48 Required Longitudinal Reinforcement at GROUND Floor Level
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e Transverse Reinforcement

Figure 6-49 Required Transverse Reinforcement at GROUND Floor Level
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B. Roof Floor
e Longitudinal Bar
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Figure 6-50 Required Longitudinal Reinforcement at Roof Floor Level
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e Transverse Reinforcement

Figure 6-51 Required Transverse Reinforcement at Roof Floor Level
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6.2.2.2 Auditorium Part

A. GROUND Floor
¢ Longitudinal Bar
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Figure 6-52 Required Longitudinal Reinforcement at GROUND Floor Level
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e Transverse Reinforcement

Figure 6-53 Required Transverse Reinforcement at GROUND Floor Level
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B. Roof Floor

¢ Longitudinal Bar
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Figure 6-54 Required Longitudinal Reinforcement at Roof Floor Level

Structural Assessment & Structural Strengthening Design for Existing Lycee Louis Massignon School, Al Sa’ada Street,

Abu Dhabi, UAE - Structural Testing Works for [Gymnasium Building & Auditorium Building]-

© 2024 - This document is the property of Eforce Inspection Consultancies. It cannot be reproduced or distributed

without preliminary written authorization.
eFORCE/1104/24 Ver. R1 Page 87 of 103




e Transverse Reinforcement
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Figure 6-55 Required Transverse Reinforcement at Roof Floor Level
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6.2.2.3 Swimming Part

A. GROUND Floor
e Longitudinal Bar
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Figure 6-57 Required Transverse Reinforcement at GROUND Floor Level
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Figure 6-56 Required Longitudinal Reinforcement at GROUND Floor Level
e Transverse Reinforcement
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B. Roof Floor
¢ Longitudinal Bar
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Figure 6-58 Required Longitudinal Reinforcement at Roof Floor Level
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Figure 6-59 Required Transverse Reinforcement at Roof Floor Level
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Figure 6-60 P-M RATIO STEEL BEAM at Roof Floor Level
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7 DESIGN RESULT SUMMARY

7.1 Columns

The existing columns at ground floor and Roof floor are overstressed due to low
concrete compressive strength. In addition, some of the columns at upper level are

under design, these columns take greater lateral forces that causes larger column
and beam bending moments.

Therefore, column strengthening is required by section enlargement technique to
reach safe and sound structural elements.

7.2 Shear Walls

The existing shear wall is structurally adequate in flexural and shear design due
to gravity and lateral loads.

7.3 Beam

The existing beam is structurally adequate in flexural and shear design due to
gravity loads.

7.4 Slabs

The existing slab is structurally adequate in flexural and shear design due to
gravity loads.

8 STRENGTHENING DESIGN

A second ETABS Model was created for purposed of strengthening design. In that
model, the proposed strengthening is applied in the models to check the adequacy
of the design, in addition to design requirements.

8.1 Column Strengthening Design

The under-design columns are strengthened by section enlargement to resist the
under designed flexural strength; and CFRP wrap for confinement of partial column
enlargement.

The proposed enlargement of the columns needs to be strengthened are created in
section designer by providing the section that represents the proposed concrete
enlargement. The new sections are provided with T16-150 Vertical reinforcement
with 100mm/150mm thick C50 new micro-concrete as shown below.

Refer to Appendix C for strengthening drawings and related details.
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8.1.1 GYMNASIUM COLUMNS
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Figure 8-1 Column Strengthening Assignment at Ground to Roof Floor Level
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Figure 8-2 Column PMM Ratio after strengthening at Ground to Roof Floor Level
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Figure 8-3 Column Shear Reinforcing after strengthening at Ground to Roof Floor Level
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8.1.2 AUDITORIUM COLUMNS
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Figure 8-4 Column Strengthening Assignment at Ground to Roof Floor Level
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Figure 8-5 Column PMM Ratio after strengthening at Ground to Roof Floor Level
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Figure 8-6 Column Shear Reinforcing after strengthening at Ground to Roof Floor Level
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8.1.3 SWIMMING COLUMNS
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Figure 8-7 Column Strengthening Assignment at Ground to Roof Floor Level
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Figure 8-8 Column PMM Ratio after strengthening at Ground to Roof Floor Level
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Figure 8-9 Column Shear Reinforcing after strengthening at Ground to Roof Floor Level
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STRENGTHENING DRAWINGS
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SHEAR WALL ANALYSIS FOR GYMNASIUM
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