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Abstract 
 

Keywords: concrete-filled tube column, beam-to-column joint, beam flange through 

type, shear strength, concrete shear strength, flange stiffeners, flange 

width.  

Concrete filled steel tubular (CFT) columns have advantages in strength and 

ductility. Even under fire attacks, the core concrete could maintain its axial load 

capacity and thus the strict requirement for fire proof may be liberated. Furthermore, 

recycling of steel tubes is relatively easy. Typical CFT columns are in the form of 

square tubes or circular pipes as required by architectural restrictions. Unlike the 

widely-used box-section columns, the use of circular CFT columns has been limited 

due to the complexity of the connections to such columns. 

Recently, skylines in modern cities continue to rise because of urban renewal. 

The columns in the lower stories in a high-rise building have to sustain high axial load 

and bending moment. CFT columns have advantages over conventional l and RC 

columns because the steel tube serves as formwork and offers superior confinement to 

the infilled concrete, thus improving its strength and ductility under high axial load. 

However, the complex design and detailing for moment connections have to be 

further improved, simplified, and verified with experiments.  

This research proposed a beam-flange-through-type beam-column joint 

connection for CFT columns and tested four beam-column joint specimens to 

examine the effect of infilled concrete, beam flange stiffeners, and width of beam on 

the joint shear strength. Construction of the specimens showed that the proposed 

connection details are practical and easy to be implemented. Cyclic loading test 

results showed that the infilled concrete significantly increases the joint shear strength. 



 

XV 

The use of beam-flange stiffeners and increasing the beam width also have significant 

contribution to joint shear strength. Current shear strength provisions in the SRC code 

can be conservatively used to estimate the shear strength of the proposed 

beam-column joint. However, the shear strength contribution from concrete is 

significant under-estimated. This research proposed a strut-and-tie joint shear strength 

model for concrete joint shear strength. Comparison with the test results showed that 

the proposed model can accurately estimate the shear strength contribution from 

concrete of the proposed beam-column joint. However, the shear strength contribution 

from concrete is significantly under-estimated. This research proposed a 

softened-strut joint shear strength model for concrete joint shear strength. Comparison 

with the test results showed that the proposed model can accurately estimate the shear 

strength contribution from concrete of the proposed beam-column joint. Based on 

experimental obervations and analytical studies, modification to the current code 

provision on joint shear strength contribution from concrete is proposed. Moreover, 

the upper and lower limits on the width of the beam flange are proposed to address the 

constructibility issue related to concrete infilling and shear transfer from the beam to 

the joint. Furhermore, design suggestions on the beam flange stiffeners are proposed. 
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CFT

 

SRC

( [3]) 9 7

SRC

(4.4.1)  

 ���% = ����%� + �����%�� (4.4.1) 

���% ����%� �����%����� = 0.9 ���� = 0.75  

A.   

SRC ( [3]) 9 7

9.7.1

����%�
 

( [1]) 13

6.1 �%� (4.4.2)

 

 �%� = 0.6&'���*, (4.4.2) 

&'� �� *,
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(4.4.2)

0.6&'�
4. 14  

 

4. 14  

( ) 

�%� (4.4.3)  

 �%� = 0.6&'� - 0.5	� (4.4.3) 

	�  

B.  

SRC ( [3]) 9 7

9.7.1 �%��
(4.4.4~4.4.6)  

(a).   

 �%�� = 5.3#
��	/[1 � 	�&'�2(4%)8] (4.4.4) 

(b).   

 �%�� = 4.0#
��	/[1 � 	�&'�2(4%)8] (4.4.5) 

(c).   

effective parts to resist the
shear force (0.5 As)

these parts are assumed to
resist compression and
tension from moment force
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 �%�� = 3.2#
��	/[1 � 	�&'�2(4%)8] (4.4.6) 


�� 	/ RC

(4%)8 = 	�&'� + 0.85
��	� + &'�	� 	� &'� 	�
 

SRC ( [3])

	/ 	/

	/ (4.4.7)  

 	/ = ( <12 + 
34 ) × (�� � 2*�)� (4.4.7) 

�� *�  

(4%)8 = 	�&'� +
0.85
��	� �%�� (4.4.8)  

 �%�� = 3.2#
��	/[1 � 	�&'�2(	�&'� + 0.85
��	�)] (4.4.8) 

C.   

(4.4.9)  

���% = ���0.6&'� - 0.5	� + ����3.2#
��	/[1 � 	�&'�2(	�&'� + 0.85
��	�)] (4.4.9) 

��� = 0.9 ���� = 0.75  
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D.  ( ) 

(4.4.9) 4. 4  

4. 4 ( ) 

 ( ) 

FP2S 1184 kN 

FP2CS 1682 kN 

FP2C 1682 kN 

FP3CS 1682 kN 

( ) 
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4.  15

(4.5.1)  

 �% = �� + �� (4.5.1) 

�% �� ��
 

 
4. 15 CFT  

( ) 

von Mises &'� 
3>
4. 14 (4.5.2)

 

 �� = 	� - &'�2
3  (4.5.2) 

	� &'�  
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Mander(1988)

4. 16

(4.5.3)~(4.5.9)  

 
� = 
���?@@ � 1 + ?� (4.5.3) 

 ? = ����� (4.5.4) 

 
��A = �
�� (4.5.5) 

 @ = ���� � ��C� (4.5.6) 

 ��C� = 
��A��� (4.5.7) 

 ��� = ��E[1 + 5 F
��A
�� � 1G] (4.5.8) 

 �H = 2.254I1 + 7.94
J�
�� � 2 - 
J�
�� � 1.254 
(4.5.9) 


���  (MPa) ����H ��
= 5000#
��(MPa) = 15000#
��(kgf cm�> ) ��E = 0.002 
J�


��  
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4. 16  

( Mander(1988) ) 

4.  17

KC = 1.0 (4.5.10) (4.5.11)

 

 

4. 17  

( ) 

 

*�

L
��

 

 

  

 

&'� - *� - L
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N = 2 - &'� - *���  (4.5.10) 

 
NA = KC - 
N = 
N (4.5.11) 

�� 
N  

4. 18 C-C-C 

Node  C-C-T Node C-C-T Node

(4.5.12) C-C-C Node

 

O% = 1 

 
�C = 0.85O% - 
��A  (4.5.12) 

O% C-C-C Node 
�C  

 

4. 18 CFT  

 ( ) 

Face 1

Face 2

Face 3

NA

db
-2

tf

tp

bs
+w

Dc

D
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Face 1

	Q &%%Q 4. 19 (4.5.13) (4.5.14)  

 	Q = R�Q�Q + ��S��ST � R�,*, + ��*�T (4.5.13) 

 &%%Q = 
�C - 	Q (4.5.14) 

U �, *, ��*� *�  

 

4. 19 Face 1  

( ) 

4.  20 (Face 2) 	� &%%�
 

 	� = VXX
XY Z I\��2 ^� � _�

�S�
` �S�

�_bdd
de � h\��2 � i	^ - �Qj 

(4.5.15) 

 &%%� = 
�C - 	� (4.5.16) 

beam flange

h1

w+5tc w+5tc

bs
-5

tcw
+5

tc
tp

ts+2w+10tc

h1

stiffener
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�� i	  

 

4. 20 Face 2  

( ) 

4. 21 (Face 3) 	l&%%l  

 	l = 2 nh(_l � _Q) - ��2 j + Z I�� � ��_�o�
'p

'q
�_r 

(4.5.17) 

 &%%l = 
�C - 	l (4.5.18) 

4. 18 stu :  

 O� = 0.75 (4.5.19) 

 
�C� = 0.85 - O� - 
��A  (4.5.20) 

 &%� = 
�C� - 	l (4.5.21) 

O� 
�Cv  

 

ds/2
Dc/2

Dc/2

A2

ds/2

�

bp
+2

w
+1

0t
c

NA

Dc/2

h1 bp
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4. 21 Face 3  

( ) 

&%%S &%%p &%%q &%��%%S �%%p �%%q �%�
(4.5.21)

 

 �� = wxyz�%%S �%%p �%%q �%�{ (4.5.21) 

Face 1 | 4
(4.5.22)~(4.5.26)  

 4 = |}" (4.5.22) 

 �% = |�" � *~ (4.5.23) 

 ��EN = 4 - �}" + �2���  
(4.5.24) 

a

-a

b-b
(d/2,y1)

x

y

y1

y2

A3
y3

bc
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 �,� = �% � ��EN (4.5.25) 

 |�� = |2  (4.5.26) 

�% ��EN �,�|��  

4. 5 F  

4. 5  

 FP2S FP2CS FP2C FP3CS 

H-Beam (mm) 350x280x12x30 350x280x12x30 350x280x12x30 350x350x12x30 

Neutral Axis (mm) - 185 185 186 

Mxx (C-C-C node) (kN-m) 210 479 448 517 

Face 1 area (mm2) - 24900 22000 28400 

Vc (C-C-C node) (kN) - 1537 1358 1753 

Vs (kN) 1201 1201 1201 1201 

Joint shear strength at joint failure (kN) 1201 2738 2559 2954 

Joint shear at beam failure (kN) 3402 3402 3402 4172 

Fnn1 (kN) - 1537 1358 1753 

Fnn2 (kN) - 3705 3701 4017 

Fnn3 (kN) - 4436 4433 5262 

Fns (kN) - 3327 3352 3946 

P (kN) 163 371 346 400 

( ) 
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4. 6 FP2S

 

4. 6

 

4. 6  

     

FP2S 1131 1184 1201 6%drift  

FP2CS 2889 1682 2738 7%drift  

FP2C 2623 1682 2559 5%drift  

FP3CS 3289 1682 2954 8%drift  

( )         (kN) 
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4. 22 (a) (b) (c) SRC

(a) CFT

(b) (c)

ACI 

352R-02 (d)  

 

4. 22  

( ) 

(b) (c) (d)

      h

x

b

� 	/ 
:h
:

(a)  � + � 
(b)  � + 2? 
(c)  (� + 2?) 2>  
(d)  (2� + 2?) 2>  
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4. 7 �" ���" ���
�" ���

 

4. 7  

FP2CS �tu �t�H �t ����� �t ������  

(b) 1184 818 2002 2852 70% 

(c) 1184 498 1682 2852 59% 

(d) 1184 723 1907 2852 67% 

 

FP3CS �tu �t�H �t ����� �t ������  

(b) 1184 818 2002 3251 62% 

(c) 1184 498 1682 3251 52% 

(d) 1184 764 1949 3251 60% 

( )           (kN)  

2 RC

1.33

4. 23 (a)

4. 23

320 mm 350 mm
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(a)  (b)  

4. 23  

( ) 

4. 8 FP2CS*  

FP2CS* �tu �t�H �t ����� �t ������  

(b) 1184 818 2002 2510 80% 

(c) 1184 498 1682 2510 67% 

(d) 1184 684 1868 2510 74% 

( )           (kN)  

2

224 mm 2510 kN

4. 8

67% (d) 74%

80%
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80% �" ��� 0.45  

 

ACI 352R-02 (d)

60%~75%
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CFT  

 

T
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FP2CS

7% 8 FP2C

5% 8
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FP2CS FP3CS

25% 14%

 

SRC

 

FP2CS FP3CS

 

FP2S FP2CS

FP3CS



 

119 

Mander

8 mm

2

 

2

1.33

0.45   
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E. 15 FP3CS

(P1&P2) 
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E. 16 FP3CS
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B.1  Calculation steps of  Specimen FP2S  

Steel beam 

�" = 350 mm 

�~ = 280 mm 

*� = 12 mm 

*~ = 30 mm 

}" = 2587 mm &'" = 429 MPa 

&', = 371MPa 

Steel pipe column 

� = 508 mm 

*� = 8 mm 

�� = � � 2*� = 492 mm 

@Q = �2 = 254 mm 

@� = ��2 = 246 mm 

� = 2 (@Ql � @�l)3 = 1 × 10� mml 

	�� = < (@Q� � @��)2 = 6.283 × 10l mm� 

� = �	�� = 159.169 mm 

��� = < R�� � ���T4 � = 2 × 10� mml 

�� = 4080 mm &'� = 331 MPa 
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Clamping plate 

}, = 100 mm 

�, = 280 mm 

*, = 30 mm 

&', = 371 MPa 

Moment strength 

Beam 

|" = 1.105 × 10l kNm 

Steel tube column 

|,� = ��� - &'� = 662.056 kNm 

Beam (plastic hinge) 

4" = |"}" � }, � ��"4 � = 460.513 kN 

Shear strength 

Beam 

|�" = 4" - }" = 1.191 × 10l kNm 

�" = |�"�" � *~ = 3.723 × 10l kN 

��EN" = 4" - �}" + �2��� = 320.666 kN 

�" = �" � ��EN" = 3.402 × 10l kN 

Steel shear strength 

	� = < R�� � ���T4 = 1.257 × 10� mm� 

�� = 	� - &'�2
3 = 1.201 × 10l kN 
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Joint shear strength at joint failure 

| = 420.4 kNm 

4 = |}" = 162.505 kN 

�% = |�" � *~ = 1.314 × 10l kN 

��EN = 4 - �}" + �2��� = 113.156 kN 

�,� = �% � ��EN = 1.201 × 10l kN 

|�� = |2 = 210.2 kNm 

Joint shear strength at beam failure 

�" = 3.402 × 10l kN 

Force 

4 = 162.505 kN 
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B.2  Calculation steps of  Specimen FP2CS  

Steel beam 

�" = 350 mm 

�~ = 280 mm 

*� = 12 mm 

*~ = 30 mm 

}" = 2587 mm &'" = 429 MPa 

&', = 371MPa 

Steel pipe column 

� = 508 mm 

*� = 8 mm 

�� = � � 2*� = 492 mm 

@Q = �2 = 254 mm 

@� = ��2 = 246 mm 

� = 2 (@Ql � @�l)3 = 1 × 10� mml 

	�� = < (@Q� � @��)2 = 6.283 × 10l mm� 

� = �	�� = 159.169 mm 

��� = < R�� � ���T4 � = 2 × 10� mml 

�� = 4080 mm &'� = 331 MPa 
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Clamping plate 

}, = 100 mm 

�, = 280 mm 

*, = 30 mm 

&', = 371 MPa 

Concrete 


�A = 30 MPa 

Moment strength 

Beam 

|" = 1.105 × 10l kNm 

Steel tube column 

|,� = ��� - &'� = 662.056 kNm 

Beam (plastic hinge) 

4" = |"}" � }, � ��"4 � = 460.513 kN 

Confined concrete strength 

KC = 1 


NA = KC - 
N = KC - 2 - &'� - *�� = 10.425 MPa 

� = 2.254I1 + 7.94 
N
�A � 2 
N
�A � 1.254 = 2.421 


��A = 
�A - � = 72.636 MPa 
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Shear strength 

Beam 

|�" = 4" - }" = 1.191 × 10l kNm 

�" = |�"�" � *~ = 3.723 × 10l kN 

��EN" = 4" - �}" + �2��� = 320.666 kN 

�" = �" � ��EN" = 3.402 × 10l kN 

Result from Xtract 

oL� = 3.397 × 10`� 

��� = 5.591 × 10`l 1m 

i	 = ��2 � oL���� = 185.249 mm 

Check nodal zone 

C-C-C node 

O% = 1 


�C = 0.85 - O% - 
��A = 61.740 MPa 

Side face (Face 1) 

U = 10 mm 

�� = 75 mm 

*� = 15 mm 

	Q = �R�, + 2U + 2 - 5*�TR*, + U + 5*�T + (�� � 5*�)(*� + 2U + 2 - 5*�)� � ��,*, + ��*�� 
      = 2.490 × 10� mm� 

&%%Q = 
�C - 	Q = 1.537 × 10l kN 
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Top face (Face 2) 

	� =
VXX
XY Z I\��2 ^� � _�

"� �� �-¡���
` "� �� �-¡���

�_
bdd
de � h\��2 � i	^ - R�, + 2U + 2 - 5*�Tj 

 = 6.001 × 10� mm� 

&%%� = 
�C - 	� = 3.705 × 10l kN 

� = tan`Q F �� � i	�" � 2*~ + *,G = 0.764 rad 

�� = 2I\��2 ^� � \��2 � i	^� = 476.761 mm 

&� = &%%Qtan � = 1.604 × 10l kN 

Diagonal face (Face 3) 

�� = *, + U + 5*� = 80 mm 

x = cos � - i	 + sin � - �� = 189.090 mm 

© = i	cos � = 256.615 mm 

K = �� � i	cos � = 424.926 mm 

y = © + K = 681.542 mm 

� = ��2 = 246 mm 

o = y2 = 340.771 mm 

_Q = o � © = 84.156 mm 

_� = _Q + x = 273.246 mm 

? = IF1 � _��o�G �� = 146.993 mm 

�� = �, + 2U + 2 - 5*� = 380 mm 
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_l = IF1 � ?���G o� = 273.246 mm 

	l = 2 nh(_l � _Q) - ��2 j + Z I�� � ��_�o�
'p

'q
�_r = 7.185 × 10� mm� 

&%%l = 
�C - 	l = 4.436 × 10l kN 

&l = &%%Qsin � = 2.222 × 10l kN
Check the strength of the strut 

O� = 0.75 


�C� = 0.85 - O� - 
��A = 46.305 MPa 

&%� = 
�C� - 	l = 3.327 × 10l kN 

Steel shear strength 

	� = < R�� � ���T4 = 1.257 × 10� mm� 

�� = 	� - &'�2
3 = 1.201 × 10l kN 

Joint shear strength at joint failure 

| = 958.6 kNm 

4 = |}" = 370.545 kN 

�% = |�" � *~ = 2.996 × 10l kN 

��EN = 4 - �}" + �2��� = 258.019 kN 

�,� = �% � ��EN = 2.738 × 10l kN 

|�� = |2 = 479.3 kNm 
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Joint shear strength at beam failure 

�" = 3.402 × 10l kN 

Concrete shear strength 

�� = �,� � �� = 1.537 × 10l kN 

Force 

4 = 370.545 kN 
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B.3  Calculation steps of  Specimen FP2C  

Steel beam 

�" = 350 mm 

�~ = 280 mm 

*� = 12 mm 

*~ = 30 mm 

}" = 2587 mm &'" = 429 MPa 

&', = 371MPa 

Steel pipe column 

� = 508 mm 

*� = 8 mm 

�� = � � 2*� = 492 mm 

@Q = �2 = 254 mm 

@� = ��2 = 246 mm 

� = 2 (@Ql � @�l)3 = 1 × 10� mml 

	�� = < (@Q� � @��)2 = 6.283 × 10l mm� 

� = �	�� = 159.169 mm 

��� = < R�� � ���T4 � = 2 × 10� mml 

�� = 4080 mm &'� = 331 MPa 
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Clamping plate 

}, = 100 mm 

�, = 280 mm 

*, = 30 mm 

&', = 371 MPa 

Concrete 


�A = 30 MPa 

Moment strength 

Beam 

|" = 1.105 × 10l kNm 

Steel tube column 

|,� = ��� - &'� = 662.056 kNm 

Beam (plastic hinge) 

4" = |"}" � }, � ��"4 � = 460.513 kN 

Confined concrete strength 

KC = 1 


NA = KC - 
N = KC - 2 - &'� - *�� = 10.425 MPa 

� = 2.254I1 + 7.94 
N
�A � 2 
N
�A � 1.254 = 2.421 


��A = 
�A - � = 72.636 MPa 
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Shear strength 

Beam 

|�" = 4" - }" = 1.191 × 10l kNm 

�" = |�"�" � *~ = 3.723 × 10l kN 

��EN" = 4" - �}" + �2��� = 320.666 kN 

�" = �" � ��EN" = 3.402 × 10l kN 

Result from Xtract 

oL� = 3.178 × 10`� 

��� = 5.217 × 10`l 1m 

i	 = ��2 � oL���� = 185.077 mm 

Check nodal zone 

C-C-C node 

O% = 1 


�C = 0.85 - O% - 
��A = 61.740 MPa 

Side face (Face 1) 

U = 10 mm 

	Q = R�, + 2U + 2 - 5*�TR*, + U + 5*�T � R�,*,T = 2.2 × 10� mm� 

&%%Q = 
�C - 	Q = 1.358 × 10l kN 

Top face (Face 2) 

	� =
VXX
XY Z I\��2 ^� � _�

"� �� �-¡���
` "� �� �-¡���

�_
bdd
de � h\��2 � i	^ - R�, + 2U + 2 - 5*�Tj 

 = 5.995 × 10� mm� 
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&%%� = 
�C - 	� = 3.701 × 10l kN 

� = tan`Q F �� � i	�" � 2*~ + *,G = 0.765 rad 

�� = 2I\��2 ^� � \��2 � i	^� = 476.674 mm 

&� = &%%Qtan � = 1.416 × 10l kN 

Diagonal face (Face 3) 

�� = *, + U + 5*� = 80 mm 

x = cos � - i	 + sin � - �� = 188.947 mm 

© = i	cos � = 256.446 mm 

K = �� � i	cos � = 425.278 mm 

y = © + K = 681.724 mm 

� = ��2 = 246 mm 

o = y2 = 340.862 mm 

_Q = o � © = 84.416 mm 

_� = _Q + x = 273.362 mm 

? = IF1 � _��o�G �� = 146.950 mm 

�� = �, + 2U + 2 - 6*� = 380 mm 

_l = IF1 � ?���G o� = 273.362 mm 

	l = 2 nh(_l � _Q) - ��2 j + Z I�� � ��_�o�
'p

'q
�_r = 7.180 × 10� mm� 

&%%l = 
�C - 	l = 4.433 × 10l kN 
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&l = &%%Qsin � = 1.962 × 10l kN
Check the strength of the strut 

O� = 0.75 


�C� = 0.85 - O� - 
��A = 46.305 MPa 

&%� = 
�C� - 	l = 3.325 × 10l kN 

Steel shear strength 

	� = < R�� � ���T4 = 1.257 × 10� mm� 

�� = 	� - &'�2
3 = 1.201 × 10l kN 

Joint shear strength at joint failure 

| = 896 kNm 

4 = |}" = 346.347 kN 

�% = |�" � *~ = 2.8 × 10l kN 

��EN = 4 - �}" + �2��� = 241.170 kN 

�,� = �% � ��EN = 2.559 × 10l kN 

|�� = |2 = 448  kNm 

Joint shear strength at beam failure 

�" = 3.402 × 10l kN 

Concrete shear strength 

�� = �,� � �� = 1.358 × 10l kN 

Force 

4 = 346.347 kN 
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B.4  Calculation steps of  Specimen FP3CS  

Steel beam 

�" = 350 mm 

�~ = 350 mm 

*� = 12 mm 

*~ = 30 mm 

}" = 2587 mm &'" = 429 MPa 

&', = 371MPa 

Steel pipe column 

� = 508 mm 

*� = 8 mm 

�� = � � 2*� = 492 mm 

@Q = �2 = 254 mm 

@� = ��2 = 246 mm 

� = 2 (@Ql � @�l)3 = 1 × 10� mml 

	�� = < (@Q� � @��)2 = 6.283 × 10l mm� 

� = �	�� = 159.169 mm 

��� = < R�� � ���T4 � = 2 × 10� mml 

�� = 4080 mm &'� = 331 MPa 
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Clamping plate 

}, = 100 mm 

�, = 280 mm 

*, = 30 mm 

&', = 371 MPa 

Concrete 


�A = 30 MPa 

Moment strength 

Beam 

|" = 1.355 × 10l kNm 

Steel tube column 

|,� = ��� - &'� = 662.056 kNm 

Beam (plastic hinge) 

4" = |"}" � }, � ��"4 � = 564.701 kN 

Confined concrete strength 

KC = 1 


NA = KC - 
N = KC - 2 - &'� - *�� = 10.425 MPa 

� = 2.254I1 + 7.94 
N
�A � 2 
N
�A � 1.254 = 2.421 


��A = 
�A - � = 72.636 MPa 
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Shear strength 

Beam 

|�" = 4" - }" = 1.461 × 10l kNm 

�" = |�"�" � *~ = 4.565 × 10l kN 

��EN" = 4" - �}" + �2��� = 393.215 kN 

�" = �" � ��EN" = 4.172 × 10l kN 

Result from Xtract 

oL� = 3.651 × 10`� 

��� = 6.046 × 10`l 1m 

i	 = ��2 � oL���� = 185.602 mm 

Check nodal zone 

C-C-C node 

O% = 1 


�C = 0.85 - O% - 
��A = 61.740 MPa 

Side face (Face 1) 

U = 10 mm 

�� = 75 mm 

*� = 15 mm 

	Q = �R�, + 2U + 2 - 5*�TR*, + U + 5*�T + (�� � 5*�)(*� + 2U + 2 - 5*�)� � ��,*, + ��*�� 
      = 2.840 × 10� mm� 

&%%Q = 
�C - 	Q = 1.753 × 10l kN 
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Top face (Face 2) 

	� =
VXX
XY Z I\��2 ^� � _�

"� �� �-¡���
` "� �� �-¡���

�_
bdd
de � h\��2 � i	^ - R�, + 2U + 2 - 5*�Tj 

 = 6.507 × 10� mm� 

&%%� = 
�C - 	� = 4.017 × 10l kN 

� = tan`Q F �� � i	�" � 2*~ + *,G = 0.764 rad 

�� = 2I\��2 ^� � \��2 � i	^� = 476.941 mm 

&� = &%%Qtan � = 1.831 × 10l kN 

Diagonal face (Face 3) 

�� = *, + U + 5*� = 80 mm 

x = cos � - i	 + sin � - �� = 189.386 mm 

© = i	cos � = 256.963 mm 

K = �� � i	cos � = 424.203 mm 

y = © + K = 681.166 mm 

� = ��2 = 246 mm 

o = y2 = 340.583 mm 

_Q = o � © = 83.620 mm 

_� = _Q + x = 273.006 mm 

? = IF1 � _��o�G �� = 147.079 mm 

�� = �, + 2U + 2 - 5*� = 450 mm 
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_l = IF1 � ?���G o� = 273.006 mm 

	l = 2 nh(_l � _Q) - ��2 j + Z I�� � ��_�o�
'p

'q
�_r = 8.522 × 10� mm� 

&%%l = 
�C - 	l = 5.262 × 10l kN 

&l = &%%Qsin � = 2.535 × 10l kN
Check the strength of the strut 

O� = 0.75 


�C� = 0.85 - O� - 
��A = 46.305 MPa 

&%� = 
�C� - 	l = 3.946 × 10l kN 

Steel shear strength 

	� = < R�� � ���T4 = 1.257 × 10� mm� 

�� = 	� - &'�2
3 = 1.201 × 10l kN 

Joint shear strength at joint failure 

| = 1034.4 kNm 

4 = |}" = 399.845 kN 

�% = |�" � *~ = 3.232 × 10l kN 

��EN = 4 - �}" + �2��� = 278.422 kN 

�,� = �% � ��EN = 2.954 × 10l kN 

|�� = |2 = 517.2 kNm 
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Joint shear strength at beam failure 

�" = 4.172 × 10l kN 

Concrete shear strength 

�� = �,� � �� = 1.753 × 10l kN 

Force 

4 = 399.845 kN 
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(a) FP2S  
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(a).  1 FP2S 0.375%drift  

 

(a).  2 FP2S -0.375%drift  

  



(a)  
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(a).  3 FP2S 0.5%drift  

 

(a).  4 FP2S -0.5%drift  
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(a).  5 FP2S 0.75%drift  

 

(a).  6 FP2S -0.75%drift  

  



(a)  
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(a).  7 FP2S 1%drift  

 

(a).  8 FP2S -1%drift  
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(a).  9 FP2S 1.5%drift  

 

(a).  10 FP2S -1.5%drift  

  



(a)  
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(a).  11 FP2S 2%drift  

 

(a).  12 FP2S -2%drift  
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(a).  13 FP2S 3%drift  

 

(a).  14 FP2S -3%drift  

  



(a)  
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(a).  15 FP2S 4%drift  

 

(a).  16 FP2S -4%drift  
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(a).  17 FP2S 5%drift  

 

(a).  18 FP2S -5%drift  

  



(a)  
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(a).  19 FP2S 6%drift  

 

(a).  20 FP2S -6%drift  
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(a).  21 FP2S 7%drift  

 

(a).  22 FP2S -7%drift  

  



(a)  
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(a).  23 FP2S  
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(b)  
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(b) FP2CS  
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(b). 1 FP2CS 0.375%drift  

 

(b). 2 FP2CS -0.375%drift  

  



(b)  

235 

 

(b). 3 FP2CS 0.5%drift  

 

(b). 4 FP2CS -0.5%drift  
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(b). 5 FP2CS 0.75%drift  

 

(b). 6 FP2CS -0.75%drift  

  



(b)  
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(b). 7 FP2CS 1%drift  

 

(b). 8 FP2CS -1%drift  
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(b). 9 FP2CS 1.5%drift  

 

(b). 10 FP2CS -1.5%drift  

  



(b)  
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(b). 11 FP2CS 2%drift  

 

(b). 12 FP2CS -2%drift  
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(b). 13 FP2CS 3%drift  

 

(b). 14 FP2CS -3%drift  

  



(b)  
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(b). 15 FP2CS 4%drift  

 

(b). 16 FP2CS -4%drift  
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(b). 17 FP2CS 5%drift  

 

(b). 18 FP2CS -5%drift  

  



(b)  
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(b). 19 FP2CS 6%drift  

 

(b). 20 FP2CS -6%drift  
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(b). 21 FP2CS 7%drift  

 

(b). 22 FP2CS -7%drift  

  



(b)  
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(b). 23 FP2CS 8%drift  

 

(b). 24 FP2CS -8%drift  
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(b). 25 FP2CS 9%drift  

 

(b). 26 FP2CS -9%drift  

  



(b)  
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(b). 27 FP2CS  
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(c)  
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(c) FP2C  
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(c). 1 FP2C 0.375%drift  

 

(c). 2 FP2C -0.375%drift  

  



(c)  
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(c). 3 FP2C 0.5%drift  

 

(c). 4 FP2C -0.5%drift  
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(c). 5 FP2C 0.75%drift  

 

(c). 6 FP2C -0.75%drift  

  



(c)  

253 

 

(c). 7 FP2C 1%drift  

 

(c). 8 FP2C -1%drift  

  



 

254 

 

(c). 9 FP2C 1.5%drift  

 

(c). 10 FP2C -1.5%drift  

  



(c)  

255 

 

(c). 11 FP2C 2%drift  

 

(c). 12 FP2C -2%drift  

  



 

256 

 

(c). 13 FP2C 3%drift  

 

(c). 14 FP2C -3%drift  

  



(c)  

257 

 

(c). 15 FP2C 4%drift  

 

(c). 16 FP2C -4%drift  

  



 

258 

 

(c). 17 FP2C 5%drift  

 

(c). 18 FP2C -5%drift  

  



(c)  

259 

 

(c). 19 FP2C 6%drift  

 

(c). 20 FP2C -6%drift  

  



 

260 

 

(c). 21 FP2C 7%drift  

 

(c). 22 FP2C -7%drift  

  



(c)  

261 

 

(c). 23 FP2C 8%drift  

 

(c). 24 FP2C -8%drift  

  



 

262 

 

(c). 25 FP2C 9%drift  

 

(c). 26 FP2C -9%drift  

  



(c)  

263 

 

(c). 27 FP2C  



 

264 

  



(d)  

265 

(d) FP3CS  

 



 

266 

 

(d). 1 FP3CS 0.375%drift  

 

(d). 2 FP3CS -0.375%drift  

  



(d)  

267 

 

(d). 3 FP3CS 0.5%drift  

 

(d). 4 FP3CS -0.5%drift  

  



 

268 

 

(d). 5 FP3CS 0.75%drift  

 

(d). 6 FP3CS -0.75%drift  

  



(d)  

269 

 

(d). 7 FP3CS 1%drift  

 

(d). 8 FP3CS -1%drift  

  



 

270 

 

(d). 9 FP3CS 1.5%drift  

 

(d). 10 FP3CS -1.5%drift  

  



(d)  

271 

 

(d). 11 FP3CS 2%drift  

 

(d). 12 FP3CS -2%drift  

  



 

272 

 

(d). 13 FP3CS 3%drift  

 

(d). 14 FP3CS -3%drift  

  



(d)  

273 

 

(d). 15 FP3CS 4%drift  

 

(d). 16 FP3CS -4%drift  

  



 

274 

 

(d). 17 FP3CS 5%drift  

 

(d). 18 FP3CS -5%drift  

  



(d)  

275 

 

(d). 19 FP3CS 6%drift  

 

(d). 20 FP3CS -6%drift  

  



 

276 

 

(d). 21 FP3CS 7%drift  

 

(d). 22 FP3CS -7%drift  

  



(d)  

277 

 

(d). 23 FP3CS 8%drift  

 

(d). 24 FP3CS -8%drift ( ) 

  



 

278 

 

(d). 25 FP3CS 9%drift  

 

(d). 26 FP3CS -9%drift  

  



(d)  

279 

 

(d). 27 FP3CS 10%drift  

 

(d). 28 FP3CS -10%drift  

  



 

280 

 

(d). 29 FP3CS



 

 

 


