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1. Frame Based Halls.
2. Arch with a ties Based Halls



1. Design of Slabs.
2. Design of Secondary Beams.
3. Design of Frames.





Design of Slabs
1. Loads
WD.L. = Wo.w. + F.C.

Wo.w. = γc x  ts ts = a/35



Wsu = max. of 
1.40 x WD.L. + 1.60 x WL.L.

1.50 x (WD.L. + WL.L.)

Complete slab design as ordinary one 
way slab



Design of Secondary Beams 
B1(bxt)
1. Loads
Wbu = 1.40 x Wo.w. + Wsu x a

Where:

Wo.w. = γc x  b x t

Pu = 1.10 x Wbu x S



Straining Actions in Beams
Qu = Wbu x S * Kq

Mu = Wbu x S2 / Km

Complete Design as a Continuous Beam Using C1-J Curve



Design of Frame

Wo.w.

Wu

L

h Wu = Σ Pi / L + 1.40 x Wo.w.

Wo.w. = γc x  bframe x tframe

a
b

Design Sections for Both
M, N and get Required Shear

Reinforcement



1. Design of Posts.
2. Design of Arch with a tie.



Arch with a tie Systems



Tu =(γc x  btie x ttie) x a x 1.40



Loads on Arch with a tie

Wu = Σ Pui / L + Σ Tui / L +1.40 x Wo.w.

Wo.w. = γc x  barch x tarch



Structural Analysis of Arch with a tie

A tension force in Tie
& a compression force
In Girder

Moment in Girder only



• Design Arch Girder as an Eccentric 
Section for M, N=H

• Design Arch Tie as follows:
- Concrete dimensions should be 

specified to satisfy steel 
arrangement requirements.

- As = 𝐻𝐻

�𝑓𝑓𝑦𝑦
𝛾𝛾𝑠𝑠

General Roles 
for

Design of pure 
Tension 

members



Compression RC Post
Pu = Reaction of secondary beam

Design Compression Post as an Unbraced Column

Tu =(γc x  btie x ttie) x a x 1.40

Tension RC Post

As = 𝑇𝑇𝑢𝑢
�𝑓𝑓𝑦𝑦
𝛾𝛾𝑠𝑠



1. Frame Based Halls.
2. Arch with a ties Based Halls



Saw Tooth Alternatives



North Direction parallel to long direction 



Secondary Beam

Wu = 1.40 x γc x  b x t + Wsu x a

L’ = 𝐿𝐿2 + 𝑓𝑓2

Mu = 𝑤𝑤𝑢𝑢 ×𝐿𝐿 × 𝐿𝐿′

8

Rb = 
𝑤𝑤𝑢𝑢 × 𝐿𝐿′

2



Ridge Beam
Wu = 1.40 x γc x  b x t + Wsu x Lc

Mu = 𝑤𝑤𝑢𝑢 × 𝑎𝑎2

10

Rr = 1.10 x Wu

Design as a continuous beam with 
rectangular section

Lc

RC Post
Pu = Rb + Rr

Design Compression Post as an Unbraced Column



Wo.w.

Pu = 2 x Rb + Rr

L

h Wu = Σ Pi / L + 1.40 x Wo.w.

Wo.w. = γc x  bframe x tframe

a
b

Wu

Design Sections for Both
M, N and get Required Shear

Reinforcement



North Direction Normal to long direction 
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Design of Y-Beam



Lc,max. = Smaller of 

40 b

200 𝑏𝑏2

𝑑𝑑



Loads on Y-Beam

M+ve = 𝑤𝑤𝑜𝑜.𝑤𝑤,𝑢𝑢 ×𝑆𝑆2

12
+ 𝑃𝑃𝑢𝑢 ×𝐿𝐿

5.89

M-ve = 𝑤𝑤𝑜𝑜.𝑤𝑤,𝑢𝑢 ×𝑆𝑆2

10
+ 𝑃𝑃𝑢𝑢 ×𝐿𝐿

6.22

Ry = 1.1 x wo.w,u x L + 2.15 x Py

Qu = 𝑤𝑤𝑜𝑜.𝑤𝑤.,𝑢𝑢×𝑆𝑆
2

+ 𝑃𝑃𝑦𝑦
2

+ 𝑀𝑀−𝑣𝑣𝑣𝑣
𝑆𝑆



Wo.w.

Pu = Ry + Ppost

L

h Wu = Σ Pi / L + 1.40 x Wo.w.

Wo.w. = γc x  bframe x tframe

a
b

Wu

Design Sections for Both
M, N and get Required Shear

Reinforcement



Saw Tooth in Arched 
Girders



Design of Hinged Base
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