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Main spandrel beam
Hollow-core unit
Internal rectangular beam
Gable spandrel beam
Gable beam
Main edge beam
Landing support beam
Staircase and landing
Ground beam
Column
Wall
Double-tee unit
Internal beam
Main edge spandrel beam
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Prestressed concrete or
cold rolled steel purlins
and eaves gutter

Prestressed concrete splitter
beams for brickwork support

Prestressed I section rafter
with 4° to 60° roof slope

Typical span 20–30 m

Edge columns with haunch or
corbel for rafter support

Concrete spine beam may
eliminate need for some
interior columns

Typical bay 6–8 m

Typical height 4–8 m

Gable columns
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Beams and floors
not considered
in sub-frame

Beams, columns and
foundations considered
in sub-frame

Span of floor (perpendicular
to direction of sub-frame)
considered in sub-frame loading

Direction of
floor span

L /2

L /2

L
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Max. load
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Point of column
contraflexure

Sway deflection
all equal
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F

F
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Min. load

Max. load

Max. load

Min. load

Max. load Min. load

Small column
deflections

Column moments caused
by eccentric beam
connector

–column
(a)

F/2

F

F

Large column
sway deflections

Zero beam
deformation

Sway deflections
all equal

No moment
transfer to beam(b)
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Beam to upper
column pinned

Beam to lower
column monolithic

Column contraflexure

Foundations rigid
(preferable for erection
purposes) or pinned

F

F

(a)

F/2

Pinned connection of beam
end and beam-upper column

Monolithic beam-
lower column

(b)
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Pinned connection
at beam end

Monolithic
beam–column

Pinned connections at
column mid-height

Max. load Min. load

Min. load Max. load

Max. load Min. load

Zero moment and point of
column contraflexure is
enforced at position of the pin
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Column to be analysed =
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pinned
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h 2
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e4 e5

R4 R5

Mcol upper,

Mcol lower,

(b)

Rigid foundation Pinned foundation

Mcol, upper Mcol, upper

½Mcol, upper Zero
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Loading y

Bracing y

Reactions y

Reactions x

Strut y

Strut x

Bracing x

Chord x

Loading x

Chord y

Tie chord y
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Compression field
(diagrammatic only)

Reactions
(bracing elements)

Tension chord

Horizontal force (pressure)

(a)

Section at welded joints

Mesh typically A142 or A193

Structural concrete topping
screed – 40 mm min. depth
at highest point in slab

Site welded connections
are ignored in diaphragm
calculations

(b)
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Section through slot
in hollow core slab

In situ concrete edge (or
internal) beam = chord
element in diaphragm

500 mm

Site placed reinforcement into
slot formed in precast slabs

30 mm minimum

(c)
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Stairs

Stairs

Service core
lifts etc.

(b)

Braced Unbraced

Shear core

Construction and
movement gap

(c)
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Nominal mesh
reinforcement

In situ concrete
topping

Precast beams (supported
on main beams)

Precast planks

Main beam

Interface shear links

Bearing pad
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Reinforced (rc)
precast plank

In situ topping screed
shown thus

Up to 2400 mm

75 to 100 mm

Prestressed (psc)
precast plank

Alternative edge
details

rc or psc precast unit.
Min. width 300 mm
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Floor slab level
with top of upstand

Upstand breadth 250
to 400 mm, typically in
50 increments

Floor slab thus

Breadth 250 to 500 mm

Breadth from 500 to
about 750 mm, typically
in 75 or 100 increments

Depth from 250 to
about 1000 mm,
typically in 50 or 75
increments

Boot depth from 150
to about 600 mm, typically
in 50 or 75 increments

Upstand depth
150, 200, 250

(a)

������ 9�+. 0��� �� ��	� � �	� �
��	� ��!
	���	� 	� �(��
�� 
���



��"!& $"%% � �� ��� +�&�� (� ("��5����&D 92: � ��� "%K " + 9-: �,��� "%6 � ��� "% 0�"!&

"�� �&�"%%4 &4!!����("%%4 %�"+�+) �6�6 $%��� &%"0& "�� � 0��� &�+�& �$ ��� 0�"!)

" + �����$��� ��� 0�"! �& &4!!����("% � (��&&�&�(��� "& &��� � ��5��� /62"6


�� %�!��� 5 +�&�5 (������� �& �$�� !� �!�! +�#�� � ��+�� �� !",�!�C� ��"+�

���! " + ��+�(� ��� +��# 0�"!) �� H+�� &�" +; +�#�� +�$� �+ � ���& $�5���6 ���

���& ��"&� ) � ��� "% 0�"!& "�� �$�� #���� &�� �+ �� !",�!�C� ����� &���(���"%

Floor slab

(b)

Upstand
breadth
250 to 400 mm

Downstand
possible

Column
position

Difference in
floor level

Floor slab thus

(a) (continued)

Possible downstand

Upstand depth up to
about 1500 ad hoc. No
standard increments
generally

Upstand breadth 140
to 200 mm minimum
possible

b = Breadth from 250 to
about 400 mm, typically
in 50 or 75 increments

Optional bearing
nib for cladding

Boot depth 150 to about 800 mm,
typically in 75 or 100 increments

Upstand breadth 75
to b-125, in same
increments as b

Upstand depth 150 to
about 400 mm, usually to
match depth of floor
slab

(b) (continued)
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Chamfered end to
hollow core unit

Intermittent milled slots
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Precast soffit
or plank unit

Projecting loops to
enclose top steel

Continuous mesh in top of
cast in situ concrete topping
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Shear stirrups at
end of beam

Boot links

Essential for prevention
of top corner splitting
and hangers for stirrups

Essential for
stirrup hangers(b)
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Strand grid
reference
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for services

Small chamfer
say 10 × 10 mm
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250 mm deep hollow core unit with milled slots.
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moment continuity
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each storey height cast
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continuous
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overturning moment of resistance

Shallow in situ filled
pocket for pinned end
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Adjustable length steel
chains called 'slings'

Steel spreader (lifting)
beam (usually UB)

Angle>30°

0.2L

L

0.2L

Slings without spreader
beam in thicker sections

0.25L 0.5L 0.25L

0.6L

(a)

Alternative methods with or
without second spreader beam

First spreader beam

0.17L 0.22L 0.22L 0.22L 0.17L

L

Used for L/D>50

D

(b)

������ ?�@. ��	
 �	���� �� !���� . �	� 0��/���
 ���
��A 	� ��� ����/���
 ���
���

+9- ���!	 
 ��!��
� 3
��!
��� 



;,�,� 	
��� ���� � �
� ������� ��� ������
�

	� 5%� #�� � #��(�� 5 �& ��� !�&� #�"(��("% E �� �& �$�� +�$$�(�%� � ��5� ��%�"&� 5

� � &%� 5 $��! ��� (�" � ���7  �"� �� ��� ��# �$ " �"%% (�%�! ��" ���6 
��

!� �!�! 0� +� 5 !�!� � 9� #��&!"��( (�%�! & �$ (� &�" � (��&&�&�(��� �$ &�%$

���5�� � #�� � �� %� 5��: �& $�� + ��� ��� #��(�� 5 #�� � �& "� 16=' $��! ��� � +

�$ ��� (�%�! %� 5�� ') "& &��� � ��5��� <6.6 
�� ��&�%�� 5 �%��!"�� !�!� � �&

5�'� "&D

* � 1�22=�'- <�2

9�� � 2�3 " + " -/N �!#"(� "%%��" (� � (%�+�+:

" + ��� !",�!�! �%��!"�� &��"� $��(� �&D

C � 1�>3�' <�-

��"% #��(�� 5 �&� 5 &%�+� 5 (�"� & !"4 0� �&�+

$�� '��4 %� 5 (�%�! &6 
�� #��(�� 5 #�� �& "��

#%"(�+ "� 162<' " + 16<1' $��! ��� ��# � + �$ ���

(�%�! " + ��� !",�!�! �%��!"�� 0� +� 5

!�!� � �&D

* � 1�1-=�'- <�=

�6�6 " $�'��$�%+ ��+�(��� � ��%"��'� !�!� � (�!�

#"��+ �� " &� 5%� #��(� #�� �6


�� (� ��� �$ 5�"'��4 �$  � �#��&!"��( (�%�! &)

�656 ���&� ���� #�����+� 5 "�!& �� ����� $"(�%����& "&

&��� � ��5��� <68) �&  �� (�� (�+� ����� ��� (� ���

�$ #��(�� 5) " + ���& ("�&�& ��� (�%�! �� &��'�%

��� �� %�"'�& ��� 5��� +6 �� �& �!#���" � ��"� ���

#��(�� 5 #�� � �& %�("��+ "� ��� (� ��� �$ 5�"'��4 �$

(�%�! & �� "'��+ ��%�� 5 +��� 5 ��� $�,� 5 �#��"��� 6

�%����5� ���& �"& "%!�&�  � �$$�(� � ��� +�&�5 �$

(�%�! &) '����("%��4 � #%"(�!� � � &���& ��"� "%%

��� ��� $��(�!� � #��'�+�+ $�� ��� ��!#��"�4 (� �

+���� �& �F�"%%4 &���&&�+) �656 " ���0��&�� 5 0"�& "�

��� $��� �$ ��� (�%�! ) (�%�! &#%�(� 0"�&6


�!#��"�4 &�"0�%��4 �$ (�%�! & �& �&�"%%4

"(���'�+ 04 #��##� 5 "5"� &� H�(���; 9�� &�!�%"�:

#��#& ���(�) �$ $��! 5��� + (� +���� & "%%��

� ��&���(��+ "((�&& �� "%% &�+�&) �& "(���'�+ �&� 5

L
0.3L

Detail at foot

������ ?�-. ��
!��� ���
 ��� !���� �

����� 	�  ��	� �	�� +9,



#"��& �$ (�!#��&&�� #��#& � �##�&��� &�+�& �$ ��� (�%�! 6 ��5��� <621 &���&

&�,�&����4 (�%�! & #��##�+ � ���& �"46 ��%�! %�"+& +���'� $��! �� + %�"+&

"(�� 5 � ��� � (�!#%���+ $�"!�) �'����� � 5 !�!� �& +�� �� &#�����& � (%� �

"��� &) �� H%"(7 �$ #%�!0;) " + �!0"%" (�+ %�"+& "� 0�"! #�&���� &6 ���##� 5

$��(�& "�� ("%(�%"��+ "&&�!� 5 " <1� �"7� ��"(�� 5 "� " #�&���� "0��� /11!!

0�%�� ��� $��&� $%��� 0�"!&) �6�6 "0��� -6/! "0�'� ��� %���� � + �$ ��� #��#6 
��

����C� �"% ��"(��� ��&�%�� 5 $��! ��� #��# $��(� !�&� 0� ("����+ $�� "� ��� $��� �$

��� (�%�! 6 
�!#��"�4 � &�"0�%��4 (� +���� & "��  �� � ����& �$D

2 ��� (�%�! & "�� &�(���%4 $�,�+ 04 "+�F�"�� #��#&) #�&���� �+ "� ��� (����(�

�"7� " + ���5��K

- ��� &�F�� (� � ���(� 0�"!& "�� $�,�+ �� ��� (�%�! & 5�'�& 0"%" (�+ %�"+� 5K

= ��� &���(���"% $�"!� �& ���+ "& �"(� &�0&�F�� � $%��� %�'�% �& ���(��+K " +

3 #��("���� & "�� �"7� ��� &�"0�%�C� 5 '��4 �"%% (�%�! & � 9$���("&�: 5�&�4

��"����) �656 "++���� "% 5�4 ��#�& "� .E21! "0�'� $%��� %�'�%6

�"%(�%"�� 5 �� + $��(�& "(�� 5 � &7�%��"% $�"!�& �& " (�!#%�, &(�� (�6 ����'��)

%� �"� �� + #��&&���& "(�� 5 � �&�%"��+ � ��+�!� &�� "% �%�!� �& �"'� 0�� 

������ ?�,. ��
!��� 	 ����
��!	� !��/
�� �

������ ?�+D. 3
	������� !���� ��
�
!�����  �� ���� 	� ��� ���� �

+?D ���!	 
 ��!��
� 3
��!
��� 



�&��!"��+ "& 0�� 5 �F��'"%� � �� ����� ��!�& ��� !�" �� + #��&&��� 9B: "(�� 5 � 

��� �!#��!�"0%� 0��%+� 562 I����, 0��"'���� ("�&�& +�"5 � ��� ��#& " + &�$$��&

�$ $%��� &%"0& 9�$ "��" � #�� (�%�! :) ���(� "�� #��&� � � ��� $�"!� 0�$��� ���

(�%�! �& &���(���"%%4 ���+ � 6 
��& #��+�(�& " (�"�"(����&��( ����C� �"% #�� � $��(�

"� ��� %�'�% �$ ��� 0�"!& "##��,�!"��%4 �F��'"%� � ��D

8 � 1�1/B� <�3

�"(7 �$ #%�!0 � (%� "��� & � !"4 0� �"7� "&D

� � 8A/11 <�/

����� 8 �& ��� ���5�� �$ ��� (�%�! "� ��� #�� � �$ !�"&���!� � $��! ��� ��# �$

��� $�� +"��� 6

�.����� 5��

�"%(�%"�� ��� $%�,��"% %�$�� 5 ��F����!� � $�� " 2/! %� 5 (�%�! ) =11!!�
=/1!! � (��&&�&�(��� ���(� �& %�$��+ $��! ��� !��%+ �&� 5 � %4 ��� #�� �& "�

��� �#��!�! #�&���� 6 ?&� � �(� � 2/A!!-) �� � 3<1A!!- " + =1!! (�'��

�� .!! +�"!���� %� 7&6 	�%$ ���5�� �$ (� (���� � -3 7A!=6

�	��
�	�

��$�� 5 #�� �& �� 0� "� 16-1.' $��! � +& � =�2-! $��! � +&

	�%$ ���5�� � 1�=/1� 1�=11� -3 � -�/- 7A! #%�& -/ #�� (� � &�(��� " + �!#"(�

$�� "  "���� !��%+ � =�2/ 7A!6

?%��!"�� !�!� � * � 2�3� =�2/� =�2--A- � -2�/ 7!

�� �&  �� 7 �� ) "� ���& &�"5�) ���(� ���� �"��� ��� (�%�! ��%% 0� !" ��

$"(����+6 �&&�!� +�#�� �& !� �!�!6 �&&�!� -/�!! +�"!���� 0"�& " + .!!

%� 7&6

� � =/1!!K � � =11	 =1	 .	 2- 9&"4: � -/1!!

1 � 9-2�/� 21<:A92/� =/1� -/1-: � 1�1<<K �� (� �A� � 1�8-

�& � 9-2�/� 21<:A91�8/� 3<1� 1�8-� -/1: � -23!!-

$ � 2 �� 0 +2 �	!� �	!� �22?�6

�.����� 5�!


�� (�%�! � �,"!#%� <62 �& #��(��+ � &�%�+ 5��� + �� ��� '����("% �&� 5 &� 5%�

#��(�� 5 #�� � "� ��� �#��!�! ���5��6 �"%(�%"�� ��� $%�,��"% " + &��"� ��� $��(��

!� � ��F����+ �� ("��� $�� #��(�� 56 ?&� �(� � /1A!!- " + �� � 3<1A!!-6

�	��
�	�

�5"� ) ����  � 7 ��%�+5� �$ ��� ���� �"��� �$ ��� (�%�! +��� 5 #��(�� 5)

"&&�!� !� �!�! +�#��6

����� 	�  ��	� �	�� +?+



* � 1�22=� -�/-� 2/- � <3�2 7! 9� �� �B� <�2:

1 � 9<3�2� 21<:A9/1� =/1� -/1-: � 1�1/8 9 ��� "%!�&� &"!� 1 '"%�� "& %�$�� 5:6

�� (�) �A� � 1�8=

�& � 9<3�2� 21<:A91�8/� 3<1� 1�8=� -/1: � <=2!!-

$ � 2 �� 0 2D �	!� �	!� �?2-� #1�6

C � 1�>3� =�2/� 2/ � =/�1 7 9� �� �B� <�-:

	��"� &���&& ( � 9=/� 21=:A9=/1� -/1: � 1�3A!!-6

�� (���� &��"� &���&& 9�	.221) �"�� 2) 
"0%� =68: (( � 1�>/A!!-6 �& ( � 1�/((
�&�  �!� "% %� 7& �&'A ' � 1�/8!!-A!!6

$ � 0- ��: 	
 +@D��� �� 0+D 	
 29D��  �	!��6

��"(��("% ��#D #��'�+� ��� �,��" %� 7& "� /1!! &#"(� 5  �"� �� #��(�� 5 ��%�6

�.����� 5�"


�� (�%�! � �,"!#%�& <62 " + <6- �& ���(��+ � ��� '����("% #�&���� " + &�(���+

�&� 5 3 #��#&) � � #�� $"(�) (�  �(��+ �� ��� (�%�! "� " ���5�� �$ =61! "0�'� ���

��# �$ ��� $�� +"��� 6 
�� #��#& "�� � (%� �+ "� //� �� ��� ����C� �"%6 
��& �& " 

�+5� (�%�! ���(� &�##���& " 0�"! (�  �(��+ �� ��� =/1!! ��+� $"(� �$ ���

(�%�! 6 
�� 0�"! ("����& 31!- �$ $%��� &%"0 ��&�%�� 5 � " ��!#��"�4 (� &���(��� 

%�"+ �$ 2-1 7 #�� $%���6 
�� +�&�" (� $��! ��� $"(� �$ ��� (�%�! �� ��� (� ��� �$

��� 0�"! � + ��"(��� & �& </!!6 
�� ���5�� �� ��� &�$$�� �$ ��� $��&� " + &�(� +

$%��� 0�"!& �& 361! " + >6/! "0�'� ��� $�� +"��� ) ��&#�(��'�%46 
�� (�"�"(����

�&��( �� + #��&&��� $�� ��� (�!#%��� &���(���� !"4 0� �"7� "& 16>2 7A!-6 ?&�

�� � 2�3 $�� �� + %�"+&6

�����!� � ��� !",�!�! �%��!"�� �'����� � 5 !�!� � � ��� (�%�! ) ���

�%��!"�� ����C� �"% ��"(��� "� ��� $�� +"��� ) " + �� (� ��� !",�!�! #��##� 5

��"(��� 5�'� ��"� ��� $��&� $%��� 0�"!& "�� �
 �� 0� $�%%4 ���+ �� ��� (�%�! 

� ��% ��� &�(� + $%��� %�'�% �& (� &���(��+6

�	��
�	�

��5��� <622 &���& ��� "��" 5�!� �6

?%��!"�� �� + #��&&��� � 2�3� 1�>2 � 2�1 7A!-

��!� � +�� �� �� + � ��� &"�% $"(� =/1!! ��+�� 2/�1! ��5�

* � 2�1� 1�=/� 2/�1-A- � =8�3 7!

�� + +�"5 $��(� � ��� $%���& " + 0�"!& � 1�1/� 2�1� 31 � -�1 7

* � 9-�1� 3�1:� 9-�1� >�/: � -=�1 7!

�"(7 �$ #%�!0 "� 2&� $%��� � 3111A/11 � .!!) " + 2/!! "� - + $%���

�((� ���(��4 �$ ��!#��"�4 0�"! %�"+ "� 2&� $%��� � =11A-� </� . � --=!!) " +

-=1!! "� - + $%���

* � 92-1� 1�--=:� 92-1� 1�-=1: � /3�3 7!


��"% �%��!"�� �'����� � 5 !�!� � � =8�3� -=�1� /3�3 � 22<�. 7!

��'�� "�! �� #��# � =�1!

+?2 ���!	 
 ��!��
� 3
��!
��� 



?%��!"�� ����C� �"% $��(� � 22<�.A=�1 � =.�8 7

?%��!"�� #��##� 5 ��"(��� � =.�8A (�& //� � /8�8 7

�$ �� � 2�3 $�� �� + %�"+&) ��� (�"�"(����&��( #��# ��"(��� � /8�8A2�3 �
3-�. 7

W
in

d 
pr

es
su

re

7.
5

m

Column assumed straight
i.e. curvature ignored

Beam soffit shown thus

Beam end reaction

Sway

Suitable footing

4.
0

m

3.
0

m

55°

Prop force

������ ?�++. F�
	�� 
� �)	���� ?�4�

����� 	�  ��	� �	�� +?4



;,�,' (������� ����� ����� ���� � 
� �
����

���("&� (�%�! & "�� &�0@�(��+ �� ",�"% $��(�&) 0� +� 5 !�!� �& 9",�"% " +A��

0�",�"%: " + &��"�6 � #�  �+�@�� ��+ &���(����& 9&�� ��5��� =68: 0� +� 5 !�!� �&

"�� +�� �� ��� �((� ���( %�"+ ��&�%�� 5 $��! 0�"! � + ��"(��� & 9��5��� <62-:6


���� "��  � &��("%%�+ H$�"!�; !�!� �& � #�  �+�@�� ��+ &���(����&6 
�� �((� �

���(��4 � '"���& ���� ��� �4#� �$ (�  �(��� ) (��0�% �� �"� (�6 
�� +�&�" (� ) $��!

��� $"(� �$ ��� (�%�! �� ��� (� ��� �$ ��� 0�"!�� + ��"(��� &���%+ � (%�+�

��%��" (�& � �� "%%�� $�� !" �$"(���� 5 " + ���(��� �����&6 2/!! �& ��(�!�

!� +�+) "%����5� !�&� ���(���& ���%+ &"4 ���& �"& '��4 5� ����&6 
�� !",�

�!�! �((� ���(��4 �& 5�'� "&D

� � �

-
� ) �� <�<

x xh

c

c

Concrete corbel
(or nib)

Centre of bearing

Dimensional and
construction tolerance Δ

Steel insert
(RHS, solid)

Δ

������ ?�+2. ����� ����� ����
 ��� 
� �!!�
��! ��	� �� ��	!
�� �

+?5 ���!	 
 ��!��
� 3
��!
��� 




�� 0� +� 5 !�!� � "(�� 5 "� ��� %�'�% �$ ��� 0�"!&) ("%%�+ " H �+"%; !�!� �

9(�  �(��� #�&���� � ���: �& * � C�) ����� C �& ��� �%��!"�� 0�"! � + ��"(�

��� 6 ����'��) %�"+ (�!0� "��� & ����� ��� �� !��� 0�"!& !��� "� " (�%�! 

&���%+ 0� (� &�+���+ �� +����!� � ��� !",�!�!  �+"% !�!� �6 �� � ��� "%

(�%�! & &�##���� 5 " 9 �"�%4: &4!!����("% "��" 5�!� � �$ 0�"!& ��� !�!� � �&

�0�"� �+ 04 ��� &�!!"��� �$ !�!� �& "� �"(� &�+� �$ ��� (�%�! 6 �"�(� %�"+� 5

�& �&�+ &� ��"� ��� !",�!�! " + !� �!�! 0�"! ��"(��� & � ������ &�+� �$ ���

(�%�! "��D

C!", � 2�3� +�"+ %�"+� 2�<� %�'� %�"+

C!� � 2�1� +�"+ %�"+
<�>


��  �� �'����� � 5 !�!� � �& �0�"� �+ $��! ��� ���&� #�&&�0%� &(� "��� ��� 

��� (� &���(��� ��%��" (� � �& ����� �� ��� �((� ���(��4 �$ ��� 5��"��� %�"+ " +

��
���
�� $��! ��� �((� ���(��4 �$ ��� &!"%%��6 
��&) �$ ��� +�&�" (� $��! ���

(� ����+ �$ ��� (�%�! �� ��� (� ��� �$ ��� 0�"! ��"(��� �& �) ���  �� (�%�! 

!�!� � �&D

* �� � *!", 	 *!� � C!",9� ��:	 C!� 9� 	�: <�.


��  �� �((� ���(��4 �& 5�'� "&D

� �� � * ��

C!", � C!� 
<�8


�� " "%4&�& !"4  �� #��(��+ � ��� &"!� !"  �� "& $�� ��� &� 5%� &�+�+ 0�"!6 �

&�!�%"� "##��"(� �& "+�#��+ $�� �������"4 " + $�����"4 0�"! (�  �(��� & �����

0�",�"% 0� +� 5 !�!� �& "�� #��&� � � ��� (�%�! 6


�� ��&�%�� 5 0� +� 5 !�!� �& "�� +�&���0���+ � ��� (�%�! � #��#����� ��

��� &��$$ �&& ��K� �$ ��� (�%�! 0����� "+@"(� � $%��� %�'�%& 9��5��� <62=:6 
��

&��$$ �&& $"(���& "�� 3��K� $�� " (� �� ���& (�%�! " + =��K� $�� " (�%�! �����

��� ��!��� � + �& #�  �+6 
�� &����4 ���5�� � �& ���  �+"% +�&�" (�)  �� ��� (%�"�

���5�� 0����� 0�"!& �$ ��6

� &�!� #��("&� &���(����& ����� "�� � %4 0�"!& 9�,(�#� "� 5"0%� � +& ��

"��� + %�$�& �� &�"����%%&: � � � �$ ��� ��� �����5� "% +���(��� &6 � ���& ("&�)

��� (%�"� ���5�� �� �& �"7� �� ��� (� ��� +�#�� �$ ��� $��&� $%��� &%"0 0"&�+ � ���

5��� + �� $��&� $%��� ���5��6 	�0&�F�� � �##�� &����4 (�%�! & "�� +�&�5 �+

�&� 5 ��� &"!� �$$�(��'� %� 5�� $"(��� "& 0�$��� 0�("�&� ��� (�%�! �& &���(����

"%%4 (� �� ���& � ���&� �4#�& �$ &���(����&6 �� +� 5 !�!� �& +�� �� �((� ���(

%�"+� 5) ����C� �"% $��(�& " + &�(� +���+�� +�$%�(��� "�� (�!0� �+ �� 5�'� ���

!�&� � ����& +�&�5 (� +���� 6 
�� +�$%�(��� � +�(�+ 0� +� 5 !�!� �& *"++

����� 	�  ��	� �	�� +?9



"�� +�&���0���+ �����5���� ��� &���(���� � #��#����� �� ��� &��$$ �&& �$ "%% ���

(�%�! &6

;,�,1 ���� � ���� �� -����: �
� �
���� �� �������
��������

�$$�(��'� (�%�! ���5�� "((��+� 5 �� �"�� -) �%"�&� -6/6

��"(�+ (�%�! &D ��� �$$�(��'� ���5�� �� $�� (�%�! & � $�"!�+ &���(����& !"4 0�

�"7� "& ��� %�&&�� �$D

�� � ��L1�>� 1�1/9	(2 � 	(-:M � �� <�21

�� � ��91�./� 1�1/	()!� : � �� <�22

D M3

C M2

B M1

EI constant

A

h 1
h 2

h 3

M M= ½ BAAB

M =BA

4

1h

4

1h
4

2h
+

M1

M =CB

4

2h

4

2h
3

3h
+

M2

M M= 3DC

(a)

������ ?�+4	. F� 
����
�� �� ����� ����
 � !���� . ���� !�����

+?? ���!	 
 ��!��
� 3
��!
��� 



? 0�"(�+ (�%�! &D ��� �$$�(��'� ���5�� $�� (�%�! & � $�"!�+ &���(����& !"4 0�

�"7� "& ��� %�&&�� �$D

�� � ��L2�1� 1�2/9	(2 � 	(-:M <�2-

�� � ��9-�1� 1�=	() !� : <�2=

����� 	(2 " + 	(- �"��� �$ ��� &�! �$ ��� (�%�! &��$$ �&& �� ��� &�! �$ ��� 0�"!

&��$$ �&& "� ��� %���� " + �##�� � + �$ " (�%�! ) ��&#�(��'�%46 	()!� �& ��� %�&&��

�$ 	(2 " + 	(- � �� �& ��� (%�"� ���5�� 0����� � + ��&��"� �&6 
�� &��$$ �&& �$ �"(�

!�!0�� �F�"%& �K��) ����� � �& ��� � (�"(7�+ &�(� + !�!� � �$ "��" $�� ���

&�(��� (� &�+���+6 ����� " #��("&� 0�"! �& &�!#%4 &�##����+ "� " (�%�! 

	( � 216 ����� " (�%�! �& +�&�5 �+ �� ��&�&� � %4  �!� "% !�!� � "� "

$�� +"��� 	( � 216 ����� ��� (�  �(��� 0����� (�%�! " + $�� +"��� �&

+�&�5 �+ �� ��&�&� 0� +� 5 !�!� �& 	( � 26

M3

M2

M1

(b)

������ ?�+4�. F� 
����
�� �� ����� ����
 � !���� . �
��	� !�����

����� 	�  ��	� �	�� +?@



�((�� � �"& �� 0� �"7� �$ ��� "++���� "% !�!� � *"++ � +�(�+ � &%� +��

(�%�! & 04 ��& +�$%�(��� ) " + �& 5�'� 04D

	� � 2�
�

� �- 1�

-111
<�23

����� � � �'��"%% +�#�� �$ " (�%�! � ��� #%" � (� &�+���+) " + � � &!"%%��

+�!� &�� �$ " (�%�! ) �,(�#� ��"� � ��� ("&� �$ 0� +� 5 "0��� " !"@�� ",�&) $��

�,"!#%� ����� ��� $�"!� �& 0�"(�+ "0��� ��� &!"%%�� +�!� &�� �$ ��� (�%�! )

� !"4 0� �"7� "& �6 1 � " ��+�(��� $"(��� ��"� (����(�& ��� +�$%�(��� �� "%%�� $��

��� � $%�� (� �$ ",�"% %�"+ " + �& 5�'� 04D

1 � &�C 	 &

&�C 	 1�-/�(���
<�2/

�����

&�C � 1�3/�(� �� � 1�8/���&( <�2<


�� 

*"++ � &	� <�2>

�$ ��� '"%�� �$ 	� �& +�$$��� � $�� (�%�! & "� " 4 5�'� %�'�% �� &����4) ���

+�$%�(��� !"4 0� "'��"5�+ $�� "%% (�%�! & �$  �!0��  "� ��"� %�'�%) �6�6

	�) "'� � �	�


<�2.


�� (�+� "%%��& " 4 '"%�� �$ 	� � -	�) "'� �� 0� �5 ���+ � �F6 <62.6


�� +�&�5 #��(�+��� �& �����$��� ����"��'� "& &�!� #���� 7 ��%�+5� �$ �&( " +

1 �& ��F����+ � ��� +����!� "��� �$ *"++6

	�!� "++���� "% (� +���� & "##%46 ��� 0� +� 5 "0��� " !"@�� ",�& �$ ��
��� �$ ���

$�%%��� 5 "�� &"��&$��+) �A� � = " + ��A� � -1) ��� (�%�! &���%+ 0� +�&�5 �+ "&

0��",�"%%4 0� � ���� ��� � ���"% $�"!� !�!� � C���6 
��& !�" & ��"� ��� "++���� "%

!�!� �& *� "0��� ��� !� �� ",�& �"'� �� 0� (� &�+���+6 
�� +�&�5 !�!� � *)

�& � (��"&�+ ��D

*�
) � *) � �

��

��
*� <�28

����� ��� (��$$�(�� � � �& 5�'� � 
"0%� <62 9$��! �	.221) 
"0%� =6-3:6

+?- ���!	 
 ��!��
� 3
��!
��� 



� "++���� �$ ��A� � -1 ��� *"++ !�&� 0� ��" &$����+ �� ��� !�!0��& �� ���(�

��� (�%�! �& "��"(��+) �656 $�� +"��� 0"&�&) 5��� + 0�"!& ��(6

;,�,< 	
���� �� ������ ��������

��"(�+ (�%�! & � &��("%%�+ H ��&�"4; $�"!�& !�&� 0� (��(7�+ $�� &%� +�� �&&K " 

�$$�(��'� %� 5�� $"(��� �$ 261 0�� 5 �&�+ � "%% �##�� $%���& " + 168 0����� " $�,�+

$�� +"��� " + ��� $��&� $%���6 �"&� #%"��& " + #�(7�� $�� +"��� & !"4 0� (� �

&�+���+ "& $�%%4 !�!� � ��&�&�� 5) 0�� ��� &��$$ �&& (��$$�(�� � 	( � 2�1 !�" & ��"�

���4 "��  �� $�%%4 ��5�+ � ��� � ���#���"��� �$ ��� (�+�6

��%�! & "�� (%"&&�$��+ "& &%� +�� �$ ��A� � 2/6 ��"(�+ &%� +�� (�%�! & "��

" "%4&�+ � ��� �&�"% !"  �� �"7� 5 � �� (� &�+��"��� ��� � ���"% !�!� �&

*� � C� " + ��� "++���� "% !�!� �& "& 5�'� "0�'�6 �$ *2 " + *- "�� ��� &!"%%��

" + %"�5�� � ���"% � + !�!� �& "� ��� � +& �$ ��� (�%�! ) ��� !",�!�! +�&�5 

!�!� � *� �& 5�'� "& ��� 5��"��� �$ ��� $�%%��� 5D

9": *-

90: 1�3*2 � 1�<*- � *"++ �� 1�3*- � *"++

9(: *2 � 1�/*"++

9+: 1�1/ &�

<�-1

�.����� 5�*6 ����� � 	 ��	!�� ��	��


�� $����&����4 #��("&� (�%�! &��� � ��5��� <623" &�##���& 0�"!& � ���

�##�&��� &�+�&6 
�� +�&�" (� $��! ��� $"(� �$ ��� (�%�! �� ��� (� ��� �$ 0�"!

0�"�� 5 �& .1!!6 
�� (� &���(��� ��%��" (� �& 2/!!6 
�� (�"�"(����&��( 0�"!

� + ��"(��� & 9� 7: "��D

���� �
�� .�3� �
��

���$ 0�"!& 8< =<

�%��� 0�"!& 233 2-1

�����!� � &���"0%� &�C�& $�� ��� (�%�! " + !"� ��� $��(�!� �6 
�� (�%�! 

(��&&�&�(��� &���%+ 0� &F�"��6 �&&�!� ��"� ���  �+"% #�� � �& "� ��� !�+����5��

�$ ��� 0�"!&6 ?&� �(� � /1A!!- " + �� � 3<1A!!-6 ��'�� �� (� ��� �$

0"�& � /1!!6

#���� 5��$ ���",�"% 0� +� 5 (��$$�(�� �&

	

�(�
�
1 162 16- 16= 163 16/ � ��


� 2611 16.. 16>> 16</ 16/= 163- 16=1

����� 	�  ��	� �	�� +?,



�	��
�	�


�� +�!� &�� & �� ���  �+"% #�� �& "�� &��� � ��5��� <62306 �� �&  �(�&&"�4 ��

&�%�(� " � ���"% (�%�! &�C�6 
�4 � � -/1!!) � � -/1!! 9&�%$ ���5�� � 2�/ 7A!

���5��:6 �A� � -11A-/1 � 1�.6

���� ���� #/ 0��� ������� �� ��1���� �����

'�	� 	� ����
 

�!", � 2-/� .1� 2/ � --1!!K �!� � 2-/� .1	 2/ � 281!! 9� �� �B� <�<:

C!", "� ���$ � 92�3� 8<:� 92�<� =<: � 28- 7K

C!� "� ���$ � 2�1� 8< � 8< 7 9��� +�+ �# �� � ��5��&: 9� �� �B� <�>:

C!", "� $%���& � 92�3� 233:� 92�<� 2-1: � =83 7K

C!� "� ���$ � 2�1� 233 � 233 7 9� �� �B� <�>:

* �� "� ���$ � 928-� 1�--:	 98<� 1�28: � -3�1 7!K

* �� "� $%���& � =83� 1�--	 233� 1�28 � /8�= 7! 9� �� �B� <�.:

�)�	� ��	� 

�� ���$ & � 28-� 8< � -.. 7

�� =�+ $%��� & � -..� /=.� 92�3� 2�/� =�=: � .== 7

�� - + $%��� & � .==� /=.� > � 2=>. 7

�� 2&� $%���  � 2=>.� /=.� > � 28-= 7

40
0 Roof

29
00

3rd floor

50
0

50
0

30
00

30
00

40
00

2nd floor

1st floor

80 mm to beam
end reaction

Foundation

33
50

35
00

35
00

42
50

A

B 59.3 kNm

59.3 kNm

59.3 kNm

24.0 kNmE

D

C

24.00

26.09 33.21

Pattern if nodal
moments are all
clockwise

29.65 29.65

Pattern for
patch load

32.62 26.68

13.3
(a) (b) (c)

50
0

������ ?�+5. F�
	�� 
� �)	���� ?�5�

+@D ���!	 
 ��!��
� 3
��!
��� 



�� $�� +"��� & � 28-=� 8 � 28=- 7

*���
 �� 
����
�� �	!
�� 

�� =�+ $%���

:�� �
=

=�=/1
=

=�=/1
� 3

=�/11

� 1�33 " + :�� � 2	 1�33 � 1�/<

�� - + $%���

:�� � :�� � 1�/ 04 � &#�(��� 

�� 2&� $%���

:�� �
3

=�/11
3

=�/11
� 3

3�-/1

� 1�// " + :�� � 1�3/

�� $�� +"��� :�� � 1�/ :���1�--/ 9�/1N ("��4 �'��:


�� ��&�%�� 5 0� +� 5 !�!� � +�"5�"! �& &��� � ��5��� <623(6

3������  

��� +"��� E 2&� $%���) �� � 1�8 �� � 1�8� 3111 � =<11!!

��A� � =<11A-/1 � 23�3 � 2/) �����$���) (�%�! H&����;

2&� �� - + $%��� " + - + �� =�+ $%���) �� � 2�1 �� � 2�1� =111 � =111!! � "0�'�)

�����$���) (�%�! H&����;

=�+ $%��� �� ���$)  �� (����("% 04 � &#�(��� 6

����� �� �� ����


��"+�� �� '���$4 ��"� � +��&�+� "� 2&� $%��� �& (����("%

*� � -<�<. 7! " +  � 28-= 7 9� �� �B� <�-1:

&A�� � =1�> " + *A��- � 2�>

$ � �3-++D� �	�
 4� 0	��� 5@ ��!	� � �A� � 2DDA29D � D�-


�� 211�&(A�� � =�=

���� ���� %/ 2�"���� ������� �� ��� �����

'�	� 	� ����
 

* �� "� ���$ � 928-� 1�--:	 928-� 1�28: � /�. 7! 9�� � 28-� 1�1= � /�.:

9� �� �B� <�.:

* �� "� $%���& � =83� 1�1= � 22�. 7! 9� �� �B� <�.:

�)�	� ��	� 

�� $�� +"��� & � =.3� 9=� >..:� =1 � ->>. 7 9����� '"%��& "��  �� �!#���" �:

����� 	�  ��	� �	�� +@+



����� �� �� ����


��"+�� �� '���$4 ��"� $�� +"��� �& (����("%

*� � 1�1/ &� � =3�> 7! " + & � ->>. 7 9� �� �B� <�-1:

&A�� � 33�3/ " + *A��- � -�--


�� 211�&(A�� � >�2

�",�!�! '"%�� �&( � >�2 0�A211 � 33=.!!-

$ � 29D � 29D�� !���� ��
� 5 �� 042 ��� 5 �� 0 2D �	� �55@2�6

9�� �&  �� #�"(��("% �� �&� <  �6 0"�& "& ��� 0"�& #%"(�+ "� !�+�$"(� ��%% � �'��"0%4

(%"&� ���� ��� 0�"!�(�%�! (�  �(���&6:

��
��	
�(�

?&� 5 =11� =11!! (�%�! !"4 9#�&&�0%4: #��'� �� 0� !��� �(� �!�("% " +

���%+ (���"� %4 ("�&� %�&& #��0%�!& +��� 5 %�$�� 5 " + #��(�� 56 
�� ��"+��

&���%+ '���$4 ��"� ��� +�&�5 %�"+& "�� & � ->83 7 9��� �,��" �& +�� �� &�%$

���5��: " + *� � 1�1/ &� � 32�8 7!� 
�� �&( � =�- 0�A211 � ->81!!-6 $ �

4DD � 4DD!! !���� ��
� 5 �� 042 �	� �42+?�6

;,�,; 	
���� �� �������
��������


�� &�"0�%��4 �$ � 0�"(�+ #� �@�� ��+ &���(����& �&

#��'�+�+ � ����%4 04 (�%�! & +�&�5 �+ "& (" ��%��

'��& $�� ��� $�%% ���5�� �$ ��� &���(����6 
�� %� � �$

%�"+ "##%�("��� �& "� ��� (� ����+ �$ ��� $%���� 5

&4&��!6 
�� +�&���0���� �$ ����C� �"% %�"+� 5

0����� (�%�! & �& +���(�%4 #��#����� "% �� ���

&�(� + !�!� � �$ "��" �$ ��� (�%�! & � ���

� (�"(7�+ (� +���� 6


�� !",�!�! �'����� � 5 !�!� � � �"(� (�%�

�! �& �8� ��) ����� 8� �& ��� $%��� +�"#��"5!

��"(��� "� �"(� (�%�! ) " + �� �& ��� �$$�(��'� ���5��

$��! " #�� � /1!! 0�%�� ��� ��# �$ ��� $�� +"��� 

�� ��� (� ����+ �$ ��� $%��� #%"�� "� ��� $%��� %�'�%

("%%�+ �6 9&�� ��5��� <62/:6 
�� �'����� � 5!�!� � �&

"++���'� �� ��� $�"!� !�!� �& +���'�+ � +�� (�%�

�! +�&�5 6 
���� �&  � !�!� � +�&���0���� � ��

��� 0�"!& �$ ��� (�  �(��� & "�� #�  �+) " + ������

$��� ��� (�%�! & "�� +�&�5 �+ �&� 5 " �$$�(��'�

%� 5�� $"(��� �$ -6=) "((��+� 5 �� �F6 <62=6

��%�! & "�� (%"&&�$��+ "& &%� +�� �$ ��A� � 216

? 0�"(�+ &%� +�� (�%�! & "�� " "%4&�+ � ���

50 cover

In situ foundation

Precast column
and beam

H1

H2

h 1
h 2

Floor slab

������ ?�+9. #(��
���� ����
 � ���	!��
 
��!
��� �

+@2 ���!	 
 ��!��
� 3
��!
��� 



�&�"% !"  �� �"7� 5 � �� (� &�+��"��� ��� � ���"% !�!� �& *� � C� " + ���

"++���� "% !�!� �& "& 5�'� "0�'�6 �$ *2 " + *- ��� %"�5�� " + &!"%%�� � ���"%

� + !�!� �& "� ��� � +& �$ ��� (�%�! ) " + *"++2 " + *"++- "�� ��� (����&#� +�

� 5 "++���� "% !�!� �&) ��� !",�!�! +�&�5 !�!� � *� �& 5�'� "& ��� 5��"���

�$ ��� $�%%��� 5D

9": *2 � *"++2

90: *- � *"++-

9(: 1�1/ &�

<�-2

�.����� 5�/6 ����� � ���	!�� ��	��


�� ������&����4 $�"!� &��� � ��5��� <62<" �"& ��� &"!� +�!� &�� & " +

&�##���& ��� &"!� 0�"! %�"+& "& � �,"!#%� <636 
�� (�"�"(����&��( �� + %�"+

� ��� $�"!� �& <61 7A! ���5��6 �����!� � &���"0%� &�C�& " + ��� $��(�!� � $��

��� � ��� "% (�%�! � %46 �� !"4 0� "&&�!�+ ��"� ��� $�"!� �& 0�"(�+ � ��� �����$�

#%" � +���(��� " + ����� "�� � "++���� "% &�(� +���+�� !�!� �& � ���& #%" �6 ��

!"4 "%&� 0� "&&�!�+ ��"� ��� ����C� �"% $��(� �$ 26/ #�� (� � =: �&  �� (����("%6

�	��
�	�


�� +�!� &�� & �� ���  �+"% #�� �& "�� &��� � ��5��� <62<06 �� �&  �(�&&"�4 ��

&�%�(� " � ���"% (�%�! &�C�6


�4 � � =11!!) � � /11!! 9&�%$ ���5�� � =�< 7A!:� �A� � 1�86

?&� �	.221) �"�� =) ��"�� 386

36.0 kNmD

C

B

A

42
50

35
00

33
50

90.6 kNm

90.6 kNm

Ground level

80 mm to beam
end reaction

2nd floor

Roof

40
00

30
00

29
00

40
0

50
0

50
0

80
0

Pattern for
patch loading

Pattern if nodal
moments are all
clockwise

(a) (b) (c)

39.86

49.84

20.38

40.76

50.74

36.0

������ ?�+?. F�
	�� 
� �)	���� ?�9�

����� 	�  ��	� �	�� +@4



���� ���� #/ 0��� ������� �� ��1���� �����3 �� .��� ����

'�	� 	� ����
 

�!", � -/1� .1� 2/ � =3/!!) �!� � -/1� .1	 2/ � =2/!! 9� �� �B� <�<:

* �� "� ���$ � 28-� 1�=3/	 8<� 1�=2/ � =<�1 7! 9� �� �B� <�.:

* �� "� $%���& � =83� 1�=3/	 233� 1�=2/ � 81�< 7! 9� �� �B� <�.:

�)�	� ��	� 

& +�� �� ���$ %�"+ � -.. 7

& +�� �� $%��� %�"+& � /=.� 92�3� =�<� =�=/: � /// 7

�� $�� +"��� & � -..� 9-� ///:� -1 � 232. 7


�� &A�� � 8�3/) ���(� !�" & ��"� 1 � 2�1 ����&#�(��'� �$ *K��-6

*���
 �� 
����
�� �	!
�� 

�� - + $%��� :�� � 1�33K :�� � 1�/<

�� 2&� $%��� :�� � 1�//K :�� � 1�3/

�� $�� +"��� :�� � 1�/ :�� � 1�--/9� /1N ("��4 �'��:


�� ��&�%�� 5 0� +� 5 !�!� � +�"5�"! �& &��� � ��5��� <62<(6

3������  

��� +"��� E 2&� $%���) �� � -�= �� � -�=� 3111 � 8-11!!

��A� � 8-11A/11 � 2.�3 � 21) �����$���) (�%�! H&%� +��;6

��� +"��� E - + $%���) �� � -�= �� � -�=� 93111� /11� =111: � 2> -/1!!

��A� � 2> -/1A/11 � =3�/ � -1) �����$���) 0��",�"% �$$�(�& &���%+ 0� (� &�+���+) 0��

"& &�"��+ � ��� F��&��� " + #��'� � �,"!#%� <63 ����� "��  � "++���� "%

!�!� �& � ��� !� �� ",�&6

��� +"��� E ���$) �� � -�= �� � -�=� 9>/11� /11� -811: � -/ 1>1!!

��A� � -/ 1>1A/11 � /1�2 � -1) "& 0�$���6

����
��	� ����
 

*"++ +�� �� ���$ %�"+ � -..� /1�2- � 2�1� 1�/A-111 � 2.1�> 7!

*"++ +�� �� - + $%��� %�"+ � ///� =3�/- � 2�1� 1�/A-111 � 2</�2 7!

*"++ +�� �� 2&� $%��� %�"+ � ///� 2.�3- � 2�1� 1�/A-111 � 3>�1 7!


��"% *"++ � =8-�. 7! "� $�� +"��� 

����� �� �� ����


��"+�� �� '���$4 ��"� $�� +"��� �& (����("%
*� � -1�=.� =8-�. � 32=�- 7! " + & � 232. 7 9� �� �B� <�-2:
&A�� � 8�3/ " + *A��- � /�/2


�� 211�&(A�� � 2�> " + 1 � 2�1

+@5 ���!	 
 ��!��
� 3
��!
��� 



���� ���� %/ 2�"���� ������� �� ��� �����3 �� .��� ����

'�	� 	� ����
 

* �� "� ���$ � /�. 7! 9�� � 28-� 1�1= � /�.: 9� �� �B� <�.:

* �� "� $%���& � 22�. 7! 9� �� �B� <�.:

* "� $�� +"��� � 1�--/� 22�. � -�<< 7!

�)�	� ��	� 

& +�� �� ���$ %�"+ � =.3 7

& +�� �� $%��� %�"+& � >..� 2> � .1/ 7

�� $�� +"��� & � =.3� 9-� .1/:� -1 � -123 7 9����� '"%��& "��  �� �!#���" �:6


�� &A�� � 2=�3=) ��4 1 � 1�8 " + '���$4 %"���

����
��	� ����
 
*"++ +�� �� ���$ %�"+ � =.3� /1�2- � 1�8� 1�/A-111 � -2<�8 7!

*"++ +�� �� - + $%��� %�"+ � .1/� =3�/- � 1�8� 1�/A-111 � -2/�< 7!

*"++ +�� �� 2&� $%��� %�"+ � .1/� 2.�3- � 1�8� 1�/A-111 � <2�= 7!

��"% *"++ � 38=�. 7! "� $�� +"��� 

����� �� �� ����


��"+�� �� '���$4 ��"� $�� +"��� �& (����("%

*� � 38=�.� -�<< � 38<�/ 7! " + & � -123 7 9� �� �B� <�-2:

&A�� � 2=�3= " + *A��- � <�<-


�� 211�&(A�� � -�. " + 1 � 1�8

���� ���� 4/ 2�"���� ������� �� ��� ����� .�� .��� ����

'�	� 	� ����
 

C!", "� ���$ � 2�-� 98<� =<: � 2/8 7 9� �� �B� <�> ���� �� � 2�-:

C!", "� $%���& � 2�-� 9233� 2-1: � =2> 7 9� �� �B� <�> ���� �� � 2�-:

* �� "� ���$ � 2/8� 1�1= � 3�. 7! 9� �� �B� <�.:

* �� "� $%���& � =2>� 1�1= � 8�/ 7! 9� �� �B� <�.:

* "� $�� +"��� � 1�--/� 8�/ � -�23 7!

�)�	� ��	� 

& +�� �� ���$ %�"+ � =2. 7

& +�� �� $%��� %�"+& � <=3� 2/ � <38 7

�� $�� +"��� & � =2.� 9-� <38:� 2. � 2<=3 7 9����� '"%��& "��  ��

�!#���" �:6


�� &A�� � 21�.8) ���(� !�" & ��"� 1 � 2�1 ����&#�(��'� �$ *K��-6

����� 	�  ��	� �	�� +@9



����
��	� ����
 

*"++ +�� �� ���$ %�"+ � =2.� /1�2- � 2�1� 1�/A-111 � 28.�8 7!

*"++ +�� �� - + $%��� %�"+ � <38� =3�/- � 2�1� 1�/A-111 � 28=�2 7!

*"++ +�� �� 2&� $%��� %�"+ � <38� 2.�3- � 2�1� 1�/A-111 � /3�8 7!


��"% *"++ � 33<�8 7! "� $�� +"��� 

6�� ��	���

?%��!"�� ����C� �"% �� + #��&&��� � 2�-� <�1 � >�- 7A! ���5��

�� + %�"+ "� �"(� $%��� �"7� �� "(� 0����� !�+� �+"% ���5��&

�� + %�"+ "� ���$ � >�-� =�=/A- � 2-�2 7

�� + %�"+ "� - + $%��� � >�-� 9=�=/� =�/1:A- � -3�> 7

�� + %�"+ "� 2&� $%��� � >�-� 9=�/1� 3�-/	 1�.:A- � -/�1 7

��!� � �"7� "� /1!! 0�%�� ��# �$ $�� +"��� 

*�� + � 92-�2� 22�2/1:� 9-3�>� >�.11:� 9-/�1� 3�=11: � 3=/�2 7!#�� = (�%�! &

�%% (�%�! & �$ �F�"% &��$$ �&&) ��� *�� + � 23/�1 7! #�� (�%�! 

����� �� �� ����


��"+�� �� '���$4 ��"� $�� +"��� �& (����("%

*� � 23/�1� 33<�8� -�23 � /83�2 7! " + & � 2<=3 7 9� �� �B� <�-2:

&A�� � 21�.8 " + *A��- � >�8-


�� 211�&(A�� � =�- " + 1 � 2�1

�",�!�! '"%�� �&( � =�- ��A211 � 3.11!!-

$ � 9DD � 4DD�� !���� ��
� 5 �� 042 ��� 5 �� 029 �	� �9+-D�6

;,�,= 	
���� �� ��������� ������ ��������

�"���"%%4 0�"(�+ &���(����& "�� �&�+ � &���"��� & ����� &�"0�%��4 �"%%& "�� "�(���

��(���"%%4 � +�&��"0%�) �� &���(���"%%4 �  �(�&&"�4) � " (���"� #"�� �$ " &���(����

9&�� ��5��� =621:6 
�� &���(���� �& +�&�5 �+ "& $�%%4 0�"(�+ �# �� " &#�(�$��+ %�'�%)

" + � 0�"(�+ �����"$���6 
��&!"4  �� "%�"4& 0� ��� &"!� %�'�% �����5���� ��� � ����

0��%+� 5 " + !"4 0� +�$$��� � � ��� +�$$��� � +���(��� & �$ &�"0�%��46 
�� (�%�! &

"�� (" ��%�'���+ "0�'� ���& %�'�% "& � " � 0�"(�+ &���(����) 0�� 0�("�&� ���4 "��

 �� $�� +�+ "� " ��5�+ $�� +"��� ) ����� 0��"'���� �& +�$$��� � �� ��+� "�4 (" ���

%�'�� (�%�! &6

�((��+� 5 �� �F6 <62=) (�%�! & � ��� � 0�"(�+ #"�� �$ ��� &���(���� "��

+�&�5 �+ "& (" ��%�'��& ���� " �$$�(��'� %� 5�� �"��� �$ -6=6 
��& �& " (� &��'"��'�

'"%�� 0�("�&� &�!� �$ ��� (�%�! & �!!�+�"��%4 "+@"(� � �� ��� &�"0�%�C� 5 �"%%&

!"4 �"'� " �$$�(��'� %� 5�� $"(��� �$ -616 
��& �& 0�("�&� ����� (�  �(��� �� ���

+@? ���!	 
 ��!��
� 3
��!
��� 



0�"(�+ &���(���� (" 0� (� &�+���+ "& � $� ���%4 ��5�+ 9"%����5� �	.221 +��&  ��

��(�5 �C� &�(� " � + (� +���� :6 
�� !�" '"%�� �$ 	� "((��+� 5 �� �F6 <62. ��%%

0� �&�+ � ��� ("%(�%"��� �$ *"++6 
�� !",�!�! +�&�5 !�!� � *� �& ("%(�%"��+

"((��+� 5 �� ��� "0�'� &��& �$ �F&6 <6-19"E+: �� <6-29"E(:6

�.����� 5�56 ����� � 	 �	�
�	��� ��	!�� ��	��


�� $����&����4 $�"!� &��� � ��5��� <62> �"& ��� &"!� +�!� &�� & " + &�#�

#���& ��� &"!� 0�"! %�"+& "& � �,"!#%� <636 ����'��) ��� $�"!� �& 0�"(�+ �&� 5

&��"� �"%%& �# �� ��� &�(� + $%���6 
�� &�%$ ���5�� �$ ��� &��"� �"%% 0����� 2&�

" + - + $%���& !"4 0� �"7� "& .1 76 
�� (�"�"(����&��( �� + %�"+ � ��� $�"!� �&

<61 7A! ���5��6 �����!� � &���"0%� &�C�& " + ��� $��(�!� � $�� ��� � ��� "%

(�%�! & � %46 �� !"4 0� "&&�!�+ ��"� ��� $�"!� �& 0�"(�+ � ��� �����$�#%" �

+���(��� " + ����� "��  � "++���� "% &�(� +���+�� !�!� �& � ���& #%" �6

�	��
�	�


��  �+"% +�&�" (�& "�� "& &��� � ��5��� <62306 
�� ",�"% %�"+& "�� ��� &"!� "&

� �,"!#%� <636 
�� (�%�! �& +�&�5 �+ "� ��� #�&���� &D 9�: "� ��� &�(� + $%���

Roof

3rd floor

2nd floor

1st floor

Column A

Roof beam 400 deep

Floor beams 500 deep

Column B

Shear wall shown thus

C
ha

ra
ct

er
is

tic
 w

in
d 

lo
ad

in
g 

=
 6

 k
N

/m
 h

ei
gh

t

42
50

35
00

35
00

33
50

Ground beam

������ ?�+@. F�
	�� 
� �)	���� ?�?�

����� 	�  ��	� �	�� +@@



����� �� + " + "++���� "% !�!� �& "�� 5��"��&�K " + 9��: "� ��� $�� +"��� �����

��� ",�"% %�"+ �& 5��"��&�6

�� �&  �(�&&"�4 �� +����!� � ��� &�(� +���+�� +�$%�(��� & 	� $�� ��� � ��� "%

(�%�! & � " + �,��� "% (�%�! & � " + �� ("%(�%"�� ��� "'��"5� '"%�� 	�)"'�
"((��+� 5 �� �F6 <62.6 �4 � &#�(��� �$ �,"!#%�& <63 " + <6/ ��� (����("% %�"+

(� +���� �&  �� �"&� 26


�4 (�%�! � � =11!!) � � =11!!6 �A� � 1�.=) �����$���) �&� �	.221 ��"�� 3>6

���� ���� %/ 2�"���� ����3 �� .���

9�: �� - + $%���6 3������  � ����� �6

- + �� =�+ $%���) 	(2 "� 0����! � 2) 	(- "� ��# � 21

�� � -�= �� � -�=� =111 � <811 9� �� �B� <�2=:

��A� � <811A=11 � -=�1 � -1) �����$���) (�%�! H&%� +��; " + 0��",�"% �$$�(�& &���%+

0� (� &�+���+) 0�� "& &�"��+ � ��� F��&��� " + #��'� � �,"!#%� <63 ����� "��

 � "++���� "% !�!� �& � ��� !� �� ",�&6

	� "� =�+ $%��� � -=�1- � 2�1� 1�=A-111 � 1�1>8! 90�("�&� &A�� � 21 " + 1 � 2�1

"� ��� - + $%��� %�'�%:

- + $%��� �� ���$) �� � -�= �� � -�=� 9=111� /11� -811: � 23 >-1!!

��A� � 23 >-1A=11 � 38�2

	� "� ���$ � 38�2- � 2�1� 1�=A-111 � 1�=<2!

3������  � ����� �

- + �� =�+ $%���) 	(2 "� 0����! � �) 	(- "� ��# � 21

�� � -�1 �� � -�1� =111 � <111 9� �� �B� <�2=:

��A� � <111A=11 � -1 �����$���) (�%�! H&%� +��;6

	� "� =�+ $%��� � -1�1- � 1�8� 1�=A-111 � 1�1/3! 90�("�&� &A�� � 2= " + 1 � 1�8

"� ��� - + $%��� %�'�%:

- + $%��� �� ���$) �� � -�1 �� � -�1� 9=111� /11� -811: � 2- .11!!

��A� � 2- .11A=11 � 3-�>

	� "� ���$ � 3-�>- � 1�8� 1�=A-111 � 1�-3<!

�'��"5� 	� "� =�+ $%��� � 91�1>8� 1�1/3:A- � 1�1<<!) " + "� ���$ � 1�=13!

����
��	� ����
 

*"++ +�� �� ���$ %�"+ � =.3� 1�=13 � 22<�> 7!

*"++ +�� �� - + $%��� %�"+ � >88� 1�1<< � /-�> 7!


��"% *"++ � 2<8�3 7! "� - + $%���

* +�� �� (�  �(��� �((� ���(��4 � 1�/� 22�. � /�8 7!

+@- ���!	 
 ��!��
� 3
��!
��� 



����� �� �� ����


*� � 2<8�3� /�8 � 2>/�= 7! " + & � 22.= 7 9� �� �B� <�-2:

&A�� � 2=�2 " + *A��- � <�/


�� 211�&(A�� � =�2 " + 1 � 1�8

9��: �� $�� +"��� 6 & � ->83 7 9$��! �,"!#%� <63: #%�& &�%$ ���5�� �$ �"%% "� 2&�

$%��� � 2�3� .1A- � -./1 76 *� � 1�1/ &� � 3-�>/ 7!

&A�� � =2�<< " + *A��- � 2�/.


�� 211�&(A�� � =�3

���� ���� 4/ 2�"���� ���� .�� .���

9�: �� - + $%���6 	�)"'� "& �"&� -6 �,�"% $��(�& $��! �,"!#%� <6/ �"&� =6

�)�	� ��	� 

& +�� �� ���$ %�"+ � =2. 7

& +�� �� $%��� %�"+& � <=3� 8 � <3= 7

�� - + $%��� & � =2.� <3=� 8 � 8>1 76 
�� &A�� � 21�>.) ���(� !�" & ��"�

1 � 2�1 ����&#�(��'� �$ *A��-6

����
��	� ����
 

*"++ +�� �� ���$ %�"+ � =2.� 1�=13 � 8<�3 7!

*"++ +�� �� - + $%��� %�"+ � <3=� 1�1<< � 3-�3 7!


��"% *"++ � 2=.�. 7! "� - + $%���

* +�� �� (�  �(��� �((� ���(��4 � 1�/� 8�/ � 3�>/ 7!

6�� ��	���

?%��!"�� ����C� �"% �� + %�"+� 5 "& �,"!#%� <6/

�� - + $%��� *�� + #�� (�%�! � L92-�2� <�./1:� 9-3�>� =�/11:MA3 � 3-�= 7!

#�� (�%�! 

����� �� �� ����


*� � 2=.�.� 3-�=� 3�>/ � 28-�< 7! " + & � 8>1 7 9� �� �B� <�-2:

&A�� � 21�>. " + *A��- � >�2=
6

�� 211�&(A�� � =�> " + 1 � 2�1

9��: �� $�� +"��� 

& � =2.� 9=� <3=:� 22 � --/. 7 #%�& &�%$ ���5�� �$ �"%% "� 2&� $%��� �
2�-� .1A- � -=1< 76

*� � 1�1/&� � =3�< 7!

&A�� � -/�< " + *A��- � 2�-.6

����� 	�  ��	� �	�� +@,




�� 211�&(A�� � 2�.

�",�!�! '"%�� �&( � =�> ��A211 � ===1!!-

$ � 4DD � 4DD�� !���� ��
� - �� 029 �	� �4,2-�6

5�" �����
 �	����
� ���� ;���

��� ��� ���5�� �$ " #� @�� ��+ &7�%��"% &���(���� ��"(��& (���"� %�!��&) �4#�("%%4

"0��� ����� &����4&) �� �&  � %� 5�� #�&&�0%� �� ��" &$�� 0��� '����("% " + ����C� �"%

%�"+& �� ��� $�� +"��� & '�" (�%�! &6 
��& �& 0�("�&� �$ ��� (�!0� �+ "(��� & �$

&�(� +���+�� +�$%�(��� & "++� 5 �� ��� $�"!� !�!� �& +�� �� �� + " + (�  �(���

�((� ���(��46 �� �& (%�"� $��! �,"!#%� <6/ ��"� ��� 0� +� 5 !�!� �& ��&�%�� 5 $��!

���&� "(��� & � " � 0�"(�+ $�"!� "�� '��4 %"�5�) %�"+� 5 �� " � �(� �!�("%

+�&�5 E (�%�! & "�� � �� +�+ �� ��&�&� (�!#��&&�'� %�"+&)  �� 0� +� 5 !�!� �&6


� �%�!� "�� �'����� � 5 !�!� �& $��! ��� (�%�! &) +�"5� "% 0�"(� 5 �&

�&�+6 ����C� �"% $��(�& "�� ��" &$����+ �����5� ��� &���(���� "& &��� � ��5���

<62. " +) � &��"+ �$ 0� +� 5 ��� (�%�! &) "�� ��&�&��+ 04 " ",�"% +�"5� "% $��(�

� ��� 0�"(� 56 
�� 0�"(� 5 (" 0� (� &���(��+ � !" 4 �"4&) ���&� 0�� 5) � 

+�&(� +� 5 ��+�� �$ #�#�%"���4D

� #��("&� (� (���� � $�%% �"%%) ��5��� <628 9&�� 	�(��� <6/62:

� #��("&� (� (���� (" ��%�'�� �"%%) ��5��� <6-1 9&�� 	�(��� <6<:

� 0��(7���7 9�� 0%�(7���7: � $�%% �"%%) ��5��� <6-2 9&��

	�(��� <6/6-:

� #��("&� (� (���� (" ��%�'�� (���&) ��5��� <6--

� &���% �� #��("&� (� (���� (��&& 0�"(� 5) ��5��� <6-=6

W
in

d 
pr

es
su

re

W
in

d 
su

ct
io

n

Compression chord Tension chord

������ ?�+-. 8�����
	� ���!� 
�	 ��� � ��	!��  
��!
��� � ������ ?�+,. ���!	 
 !�!��
� ����� �	�� �

+-D ���!	 
 ��!��
� 3
��!
��� 




�� +�&�5 "&&�!#��� �& ��"� ���

0�"(� 5 ��%% "%�"4& ��&�&� +�"5� "%

$��(�& � (�!#��&&�� �"���� ��" 

�� &�� E ��� �,(�#��� �� ���& ��%�

0�� 5 &���% (��&& 0�"(� 5 ����� ���

�� &�� %�5 �& �$$�(��'�6 ? +�� ���

��'��&� " + (4(%�("% "(��� �$ &�(�

"& �� + %�"+� 5 ��� +�"5� "% (�!�

#��&&�'� &���� (�" 5�& +���(��� )

" + &� +�$$��� � #"��& �$ ���

0�"(� 5 "�� &�0@�(��+ �� "%��� "�� 5

(�!#��&&�� " + �� &�� "& ���

+���(��� �$ ��� �� + (�" 5�&6

��("�&� ��� &��� 5�� �$ ��� 0�"�

(� 5 �& '��4 %"�5� (�!#"��+ ����

��� 0� +� 5 ("#"(��4 �$ (�%�! &)

�� �&  ��  �(�&&"�4 �� #�&���� ���

0�"(� 5 �'��4����� � ��� &���(�

����6 
�� 0�"(� 5 �& �����$��� #�&��

In situ ground
beam

In situ footing

Precast
shear wall

10 mm fixing
tolerance

Starter bars
(bond length)

Column
first fix

Shear key
in wall

Hollow cored for
site fixed steel
and in situ infill

������ ?�2D. ���!	 
 ������ !��� !	
���(�� �	���

������ ?�2+. ���!: �����  ��	� �	���

������ ?�22. 3
���� �����
 ���!	 
 ���
  �	�
 ��
 �

����� 	�  ��	� �	�� +-+



��� �+ &��"��5�("%%4 �� !",�!�C� ��& �$$�(�) $��

�,"!#%�  �"� �� ��� � +& �$ ��� &���(���� �� � "

(� ��"% (��� "��" "& &��� � ��5��� <6-36

� &4!!����("% #"���� ��+�(�& ���&�� "% &�"4)

" + �� (� ��+�(�& &��"� &���&& � ��� $%���

+�"#��"5! "& �,#%"� �+ � ��� $�%%��� 5 &�(�

��� 6 
�� $�"!����7 � 0����� ��� 0�"(� 5

!"4 0� +�&�5 �+ "& " #�  �+�@�� ��+ (�%�! �

0�"!�&%"0 &���(���� ���� ��� (�%�! & +�&�5 �+

"& H0�"(�+;6 
�� $%��� &%"0 !�&� 0� ("#"0%� �$

��" &$���� 5 ����C� �"% $��(�& E ��� 5��"��� �$

�� + %�"+& �� 26/ #�� (� � =: E �� ��� 0�"(� 5

�%�!� �& 04 &��("%%�+ H+�"#��"5! "(��� ; 9&��

��"#��� >:) �������&� ��� (�%�! & 0����� ���

0�"(� 5 ��%% 0�(�!� � 0�"(�+6 
��& "(��� 

!�&� �"7� #%"(� �����5���� =<1� "%����5� � 

#�"(��(� �� � %4 +�&�5 � ��� ��� #�� (�#"%

�����5� "% #%" �& ) " + �6

������ ?�24. ��!��
�  
��
 ��	��	� ��	!���

Central core gives
maximum structural
efficiency

Eccentric cores are less
efficient, but are possible
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cores are very efficient
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Infill material
having
lower elastic
modulus than
elements

Tensile
splitting crack

Stress contours
dilate to cause
lateral tension

Uniform compressive stress

(a)

Infill has greater
elastic modulus
than precast

Stress contours
cause local
lateral
compression

Localized
crushing(b)

Infill has
same elastic
modulus
and strength
as precast
units

Stress trajectories
undisturbed by
infill medium

(c)
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1.5 – 2.0 hbeam

4 
– 

5
h c
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um

n

Column strength
and stiffness

Compression joint

hcolumn

h b
ea

m

Beam flexural strength
and stiffness

Beam shear strength
and stiffness

Tension and
shear joints

Compressive
stress zone

Environs of
the connection
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α 60°~~

θ 45°~~

Δ = total manufacturing
and construction tolerances

P

θ

φ

(a)

α
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Possible
misalignment

Some type of
column splice

Compression
block at ultimate

x

h

M

N
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V

Δ
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Dry pack mortar
10 mm nom.

Wet bedded mortar

10 mm nom.
levelling shim

Elastomeric bearing
pad 10 to 15 mm thick

Clear of cover
concrete

Steel or steel-rubber
bearing pad 10 to
15 mm thick

Bars welded or other-
wise anchored to
cast-in bearing plates
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Bar welded to plates fully anchored in units

Bearing pad
b) Double-tee units
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Lap

Projecting bars
from beam

Self weight (gravity)
In situ infill

Connecting dowel

Projecting loops

Imposed loads

Tension

Compression

Moment
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Rafter with
haunch

Bolts thus

M

Column haunch

M Tie steel anchored
to/through column

Continuity at
column splice

Continuous beam

Tie steel in floor

M

MM M

M M

Mechanical
connector

In situ concrete into
tapered pocket

Base plate with
holding down bolts

Corbel

Cast in situ infill

Column haunch
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Boot 150mm minimum
Precast floor

Prestressed beam
600–800 widemm

Projecting bars

In situ infill

Ditto at mid-span

Location of post-tensioning
strands near to column

Site placed mesh
reinforcement

������ -�42. *���
 !�
���
� �	�� �� �� 
/
� ���� � 
�� 
����� �� 	 ���!	 
 �(��
��/
��
��	��

2@2 ���!	 
 ��!��
� 3
��!
��� 



(� (���� �& �&�+6 �� + %� 5��& �� +�$��!�+ �


0"�& �$ "��� + 21 0"� +�"!����& "�� #�&&�0%� ����

��5� &��� 5�� &���% $�0�� ��� $��(�+ (� (����6

��&#��� ��� $�%% " (���"5� #��'�+�+ $�� ��� 0"�&

�!0�++�+ � ��� #��("&� " + � &��� (� (����)

0� + &���&&�& ��%% �%��!"��%4 0��"7 +�� (%�&�

�� ��� � ���$"(� " + ��� ��� �"%'�& �$ ��� @�� �

!"4 0� (� &�+���+ &�#"�"��%46 � �� &�%� (�"(7

��&�%�� 5 $��! �%"&��( +�$��!"��� � ��� 0"� " +

&%�##"5� �& $��!�+ � ��� � ���$"(� " + ��� @�� �;&

�� &�� +�$��!"0�%��4 !"4 0� ("%(�%"��+ $��!

'"%��& 5�'� � 
"0%� .6=6


�� !"� #��0%�! ���� '����("% %"##� 5 �& ��

� &��� ��"� ��� � &��� � $�%% 5���� $��!& " $�%% " +

#�&���'� 0� + ���� ��� &���% 0"�& 9��5��� .6==:6

���&&���C�+ 5���� !"4 0� � &����+ �����5� " ��%�

0� �"�� ��� %�'�% �$ ��� %"#) " + ��� "##�"�" (� �$

��� 5���� "� " '� � ��%� "0�'� ��� ��# �$ ��� %"# �&

�&�+ "& " � +�("��� �$ (�!#%��� $�%%� 56 
��

"  �%�& &���%+ 0� "� %�"&� <!! (%�"� � "%% &�+�&

�$ ��� 0"�&6 
�� 5���� &���%+ 0�  � �&��� 7"0%�

" + &�$$�(�� �%4 $%��"0%� �� "%%�� #��&&��� 5�����

� 56 � -D2 &" +D(�!� � !�, (� �"� � 5 " #��#����

�"�4 �,#" +� 5 "5� � �& �&�+ �� 5�'� " -3����� &��� 5�� �$ -1A!!- " + " -.�+"4

&��� 5�� �$ "��� + <1A!!-6 ��� ��"� ��� 5�"+� 5 �$ ��� &" + �& (��(�"% �� ���

�%��!"�� &��� 5�� �$ ���& 5����K !�+��! C� � &" + ���� "� %�"&� /1 #�� (� �

#"&&� 5 " <11 �! &��'� �& ��(�!!� +�+6 ������ 5 !"4 0� ("����+ ��� 04 5�"'��4

#���� 5) 0�� ��� "  �%�& !�&� 0� '� ��+) �� 0� &�$$�(�� �%4 %"�5� � +�"!����) �656

/1E<1!! $�� " -/!! 0"�) �� #��'� � "�� #�(7��& $��!� 56 	�#��#%"&��(�C��& "��

��(�!!� +�+ �� ��%# 5���� $%�� "& '�0�"��� ("  �� 0� �&�+6 
�� &" + &���%+ 0�

!�+��!�(�"�&� 5�"+�+) 0��  � (�"�&� "55��5"�� �& �&�+6

���
�� G��
 ��� ����
 �� � 
	!� E "�� �&�+ �� ��&�&� �� &�� " + &��"� $��(�&)

!"� %4 "� (�%�! $�� +"��� &) (�%�! &#%�(�& " + "� &�!� �4#�& �$ 0�"! (� �

 �(��� &6 ��%%4 " (����+ ("&��� &���% &�(��� & "��  �(�&&"�4 �� 5� ��"�� %"�5�

�� &�%� ("#"(��4K 0"���% &�(7��& "��  �� "+�F�"��6 � (���"5� $"�%���& "�� &�++� 

" + 0����%�6 
� "'��+ ���& ��� " (���"5� %� 5�� &���%+ 0� &�$$�(�� � �� � "0%� ���

$�%% &��� 5�� �$ ��� (� (���� �� $��! ��� (� �("% #%�5 "& &��� � ��5��� .6=3"6

��"+ ("#"(��4 �& ��� #��+�(� �$ ��� "��" �$ " "&&�!�+ 3/� $"�%��� &��$"(� ��!�&

��� �� &�%� &#%���� 5 &���&& �$ ��� (� (����6 ����� ��� &#"(� 5 0����� ��� 0�%�& �&

%�&& ��" ��� �!0�+!� � %� 5��) ��� $"�%��� &��$"(�& �'��%"# " + ��� 5��&& ("#"�

(��4 �& ��+�(�+6 
�� $"�%��� (� � �& ��#%"(�+ ���� " ��� ("��+ #4�"!�+ ���� 3/�

'����(�&6

Grout inserted under
pressure at A until
appearing at B

Alternative
grout tube

Surface of tube
not to be smooth

Dry pack to
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0.45 fcui

As Fig. 8.38(a)

Fdq

0.45 fcui

Fwq

Tensile strength limited
by shear capacity of dowel

(b)
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Fs, weld

Fs, bars

Fq, dowel

Fs, bars

0.45fcui0.45fcui

Billet connector
with vertical site dowel
and top angle

Welded plate
connector

Cast in situ infill between
ends of floor units
(transverse bars not shown)

Strength of angle
cleat ignored

Continuity site bars
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Site weld

Site dowel
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200mm deep hollow core unit

2T25 HT bars lapped
to perpendicular tie steel

50 cover

Mcon

In situ infill

30
0

20
0

300 × 300 columnmm
300 × 300 main beammm

500 × 300 L beams
perpendicular to main beam

mmTests TW2 and TB2 at edge
connection

As above but continuous through
column

As above

Tests TW1 and TB1 at internal
connection

(No perpendicular L beams)

(a)
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Lo
ad

Ultimate strength

Residual strength

X

Y

Deformation

Characteristic of the
connected member
e.g. 'beam-line'

������ ,�@. %��	
�� ��� ��
���  
��!
��	� ���	(���� �� !��!
�� ��
� �� ��!
 
� 
�� ������

� ���!� �
 � 	

	!����

��	� 	� !���� !��!
�� 2,+



0�"!6 
��4 +�(�"�� ��� !"  �� �$ ��� 0�"! � $%�,��� E 04 (� ���%%� 5 +�$%�(��� &

" + &���(���"% $%��� C� �&) " + �$ ��� (�%�! � ���!& �$ $�"!� &�"0�%��4 " +

(�%�! 0�(7%� 5 ("#"(��46


���� �& " 0��"+ +�'�&�� &��� � ��5��� 86. �����D

� ��� '����("% !�!0�� �& !�
���� 90��� � +�&�5 " + (� &���(��� ���!&:

" + ����C� �"% �%�!� �& "�� (�  �(��+ �� ��K

�� ��� '����("% !�!0�� �& �� !�
���� 9� %4 � (� &���(��� ���!&: " + ���

����C� �"% �%�!� �& "�� ������ &���(���"%%4 (� �� ���& �� &�#"�"�� "(��&&

��� @� (��� 6


4#� � (�  �(��� & $"%% � �� ��� $������ ("��5����&D

� ��++� (�  �(��� &) $�� ���(� ����� �& " � ��!��& �" 5�) &�!� �$

���(� "�� &��� � ��5���& 868 �� 862-K

� '�&�0%� (�  �(��� &) &�(� "& &�"%%�� " + +��# (��0�%& ��  �0&) &��� 

� ��5���& 862= �� 862/6


��&� (�  �(��� & "�� +�&�5 �+ !"� %4 "& &�!#%4 &�##����+ $�� ��� ��"&� & &�"��+

� 	�(��� .6<6 
��4 "�� ��F����+ �� ("��4 %"�5� &��"� $��(�& C "� ��� � + �$ ��� 0�"!

" + �� ��" &!�� C � �� ��� (�%�! '�" " �((� ���( 0�"�� 56 � 0�"!E(�%�! 

Discontinuous beams
need not all be at
same level

Discontinuous beams
must be at same level

Continuous column

Discontinuous single
storey columns

e.g. Haunch
e.g. Corbel

e.g. Billet or
welded plate
connection

Continuous beams
at connection

Type I Type II

A C

B D
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Column

Top fixing
cleat or similar

Precast beam

Levelling shims

Bolt or threaded dowel

Grout or
concrete

Recess
in beam

Solid or hollow steel
section (billet) cast
into column

������ ,�,. �����
 ��	�/
�/!���� ����� !��!
���

Full penetration
fillet weld Thin plate

As above

Weld

Projecting bars for
temporary stability
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Column recess
Bolted connection
between beam
and cleat

Levelling shims

Gusseted angle or
tee cleat bolted
to column

Steel section or fully
anchored sockets
cast into column

������ ,�++. ���	
 ��	�/
�/!���� ����� !��!
���

Steel box anchored into
precast column (single
sided version shown) Sliding plate, typically

20 to 30 mm thick

Lip

Notch fits over lip

Steel lined rectangular
opening in beam

250 mm min200 mm min

Ty
pi

ca
l d

ep
th

40
0–

60
0 

m
m

(a)
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(b)

������ ,�+2�. 3����� ��	
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Top fixing cleat

Precast beam

Projecting rebar in
grouted tube

Levelling and bearing
material

Reinforced concrete shallow
corbel cast monolithic
with column

Column

Infill grout

45° typically
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70° typically

Details same as shallow corbel

Small chamfer

Reinforced concrete
deep corbel cast
monolithic with
column
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Details  same as shallow corbel

Reinforced concrete nib cast
monolithically with column or,
more usually a wall
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Grout or mortar

In situ concrete or mortar
(small size aggregate)

Sleeves in beam

Projecting bars

Beam end roughened or profiled
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Sleeves with vents
in upper column

Grout or mortar
filled sleeve
stage 3

Dry pack
stage 2

Projecting bars
in lower column

Grout or mortar
filled sleeve
stage 1

4 no preferred but 2 no
possible symmetrically
placed bars
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Beam

Column

(a)
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Nodal points

Force vectors

Anchored by bond

Floor zone

Interface links
or dowels

Z Y X

(b)
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Bursting bars
U-bars

Top bars

Shear stirrups

Horizontal tie bars
welded to
plate

Diagonal
tension bars

75 mm
minimum

Bottom flexural bars
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V

T

C

Tension strap
RHS box or

similar

Plate

C : Compression under plate
T : Tension carried by strap
V : T–C
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Outside edge of bearing to be
kept clear of bend in main
reinforcement (minimum
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Alternative detail

Nut & washer

In situ concrete
or mortar

Tapered sleeve

Holding down bolt

Holding down plate

typically 100×100×6mm

In situ concrete
foundation
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N

M

Precast column

Submerged part of
column surface
roughened

In situ concrete or
grout (sometimes
using expanding
agent)

h

F

Z

F

Levelling
shims

Base of column
sometimes tapered
to aid grout run

In situ concrete
foundation

Temporary tapered
wedges driven into
gap on all sides

1.
5

m
in

h
U

su
al

ly
30

0 
m

in

A
pp
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x

40

Minimum recommended
pocket clearances
50mm at bottom 75mm
at top
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Vent holes for pressure
grouting (if required)

Large diameter sleeves in
precast column

Levelling allowance 50 mm

Projecting starter bars cast
into in situ foundation

Structural floor
level
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L =100 typically

t
0.4 (grout)fcu

z

m

d ′

xd
2

d

P

F

Main column
reinforcement

Holding down
bolt force

50 min
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b

Compressive region
at ultimate

N

M
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Key to ties

1
2
3
4
5
6
7
8
9

10
11

Internal floor ties
Peripheral floor ties
Gable peripheral floor ties
Floor to wall ties
Internal beam ties
Peripheral beam ties
Gable peripheral beam ties
Corner column ties
Edge column ties
Vertical column ties
Vertical wall ties
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Internal ties

Perimeter floor
ties (everywhere)

Continuous
perimeter
tie(s)

Ties
perpendicular
to floor slab

Ties anchored into
columns where
continuity cannot
be provided

Continuity tie

Continuous
perimeter
gable tie

Floor ties either uniformly
distributed or collected
at columns

Columns

Beams
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