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for tension members Built up section  
Built up section are members made up by a fabricator from two or more standard 

as shown in the Fig. below sections 

 
BUILT UP TENSION MEMBERS 

load, Built up tension members: are structural members subjected to axial tension 
:whenbuilt up tension members used  

 Tensile load capacity is not sufficient 

 Slenderness ratio (l/r) does not satisfy (does not provide sufficiently rigidity) 

 Required large stiffness, when there is combined effect from bending and 
tension 

 Required large stiffness, when there is combined effect from bending and 
tension 

 Unusual connection detail 

 Esthetic control 
 

limitation for built up tension membersAISC  

 They are tension members consist of 2 or more single members in separate 
or continuous contact with each other  

 Components of a built-up tension member should be connected at frequent 
intervals to ensure that they act together, that faying surfaces intended to be 
in contact stay in contact, that excessive vibration of relatively thin parts does 
not occur, and that moisture will not penetrate between faying surfaces and 
cause corrosion  

 For tension member built of separate elements, the elements should be 
connected by plates or other steel shapes in interval that the slenderness 
ratio of individual shape not exceed 300 

  Provisions for lacing and tie plates, perforated cover plates, and fasteners, 
except those provisions intended specifically for compression members, are 
the same as for built-up compression members 
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for built up tension members sLimitation and requirementSummary and  
 

ind the allowable tensile loadF-1 

Method ASD Method LRFD 

Depending on the yielding strength - 

 
∑Agx Fy

Ω
=

Pn

Ω
 

where: 
Ω= 1.67 

=summation of gross area for              Ag∑
segments parts for built up section                   

 Minimum yielding stress  = Fy 

epending on the yielding strengthD - 
θPn = θ∑Agx Fy 
where: 
θ= 0.9 

=summation of gross area for              Ag∑
segments parts for built up section                   

 Minimum yielding stress = Fy   

re g strengthDepending on the ruptu - 
Pn

Ω
=  

∑Aex Fu

Ω
 

where: 
2= Ω 

=summation of effective net area for  Ae∑
segments parts for built up section            

Ae = UxAn 
Where 
U= shear lag factor 

= minimum net areaAn 

 ∑(Diam. of bolt +
1

8
) + t∑

s2

4g
t -An = Ag 

 ∑(Diam. of hole
1

16
) + t∑

s2

4g
t -An = Ag           

 Minimum tensile  stress = Fu   

Depending on the rupture g strength - 
θPn = θ∑Aex Fu 

 
where: 
θ= 0.75 

=summation of effective net area for  Ae∑
segments parts for built up section            

Ae = UxAn 
Where 
U= shear lag factor 

= minimum net areaAn 

 ∑(Diam. of bolt +
1

8
) + t∑

s2

4g
t -An = Ag 

 ∑(Diam. of hole
1

16
) + t∑

s2

4g
t -An = Ag           

 Minimum tensile  stress = Fu   

yielding
Pn

Ω
  

Rupture 
Pn

Ω
  

 

yieldingθPn  
Rupture θPn  

 

 
 

ilt up sectionind the slenderness ratio for buF-2 

 

Find I x-x, I y-y, for single segment and h1, h2, d1, d2 

 
Where: 

) respectively 4: moment of inertia about X and Y axis (in y-y , Ix-x I 
 

in) section (outside dimensions for built up  :2, h1h 

 
 section (in) of built up oido the centrdistance from the centroid of segment t :2, d1d 

 
2)2d.x for segment + (A-group=∑I x x)-(xI  

 
2)1+ (A.dy for segment-group =∑I y y)-(yI  

 

Choose minimum value 

 

Choose minimum value 
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y 

y 

h1 

h2 x x 
x' 

d1 

 

example For 
)2xh1double channel at dimension (h A  

 
)2 )2d. (for segment + A x-xgroup=∑I  x)-(xI  

for segment + 0)x -xI . (group=2x) -(xI  
)ntfor segme x-I x. (group= 2 x)-(xI  

2)1d(for segment+ A.y -ygroup =∑I  y)-(yI  
2x') – 1for segment+ (A. (hy -ygroup =2. (I  y)-(yI  

 

)2xh1dimension (h angles atFor four  
 

2 )2x for segment + A. (d-group=∑I xx) -(xI  

)) A. ( 
h2

2
− y′)2+x for segment -. (I x4 group=x) -(xI  

2 )1d(y for segment+ A.-up =∑I ygro y)-(yI  

) A. ( 
h1

2
− x′)2x for segment +-4. (I xgroup =y) -(yI  

group x)-(xI  
group x)-(xI  

  

group )min(r 
  

 
  L

rmin  
 )group ≤ 300      OK  ) 

 

tie platethe of Design  -3 

 
(b)of connectors the distance between centers to center find  -a 

g 2 -b= h  
diam. center of bolt g=distance from external edge of section to the 

 

) 1Find the width of a tie plate (b -b 
minimum width of a tie plate = 1b 

4) P.P 107 (M2)-= minimum edge distance from table (J3      
)2or h1imension (h= b+ 2.ℓe ≤ outside d1b 

 

+ 2.ℓe ) S1-≥ (n b 
𝟐

𝟑
=  ℓ Find minimum length of a tie plate -c 

 

b  
𝟏

𝟓𝟎
Find minimum thickness of a tie plate =  -d 

 
   )1Find the distance between of a tie plate (L -e  

      

  
300xrminfor single segments

12
≤  1L    

   

 1xℓ)@L1tie plate (txb eUs 

    
 

h1 

h2 

y 

y 

x x 

x' 

y' d1 

d
2

 

ℓe  

ℓ 

b1 

t 

Use min. value I min 

= √
𝐼𝑚𝑖𝑛

∑𝐴𝑔
 

b 

h1 

h2 

g g 

ℓe ℓe 

ℓe 

S 

SS 

 S 

ℓe 

 

L1 

 

L1 

ℓ 

b1 
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Example 
built up tension member consist of four angles(4L4x4x1/2) useA36 steel  ft.0 4For 

-material use LRFD method to determine: 
allowable tensile design capacity -1 

the slenderness ratio kchec-2 
ensiondesign the tie plate dim-3 

Solution 
  fu        fy      Steel 

A36      36       58  
          rz       y-y=Ix -xI     x'=y'         Ag        Section  

L 4x4x1/2     3.75      1.18      5.52        0.776 

llowable tensile design capacity A-1 

- lding strengthyie (gross area)Depending on the-a 
θPn=θ∑Agx Fy 

 kips 486=0.9x4x3.75x36 =        
 

Depending on the rupture g strength -b 

θPn=θ∑Aex Fu 

  ∑Aex Fu =0.75       
)sU= 1 (connection in two leg 

of bolt+1/8)+t∑s^2/4g t∑(Diam. -An=Ag  
8) +0+1/1/2x2x (7/8 -An=3.75 

2=2.75 in                 
Ae=UAn 

2=1x 2.75=2. 75 in      
θPn=0.75x4x2.75= 478.5 kips 

 
Allowable tensile design capacity= 478.5 kips  

3 θ 
7

8
 bolt Diam. 

12'' 

1
2

''
 

3'' 

1.5'' 

 

1.5'' 

3'' 
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heck the slenderness ratioC-2 

(equal legs)    y), x'=y'-(yI  x) =-(xI  

)2
) 2d(I for segment + (A.∑=groupI  

      4In  370.0566=)  2)1.18-  
12

2
.75 (( 5.52 +3 =4         

      

√
𝐼𝑚𝑖𝑛

∑𝐴𝑔
=minr 

     
𝐿

𝑟𝑚𝑖𝑛
=

40𝑥12

4.97
= 96.58 < 300     OK 

 
plate dimension tieof the esign D-3 

 
find the distance between centers to center of connectors (b) -a 

46) M1-g=2.5 (table P.P (1 
2x2.5 =7 in -= 122g -b= h  

) 1ind the width of a tie plate (bF -b 
)24) P.P 107 (M-= minimum edge distance from table (J3 ℓe  

ℓe = 1.5 in= 7/8         θ 
12        OK ≤x1.5 =10 + 271= b 

eℓ1) S + 2.-(n ≥ b 
𝟐

𝟑
Find minimum length of a tie plate ℓ =  -c 

 9 + 2x1.5=1) x3 -(3 = 4.66 < 7 
2

3
 𝑥ℓ =  

 9 𝑖𝑛Use ℓ =  

b 
𝟏

𝟓𝟎
Find minimum thickness of a tie plate =  -d 

  

 x7
1

50
t =   

  

   )1Find the distance between of a tie plate (L -e  

   
300𝑥𝑟𝑚𝑖𝑛for single segments

12
  ≤ 1L 

 

  ft.=19.4   
300𝑥0.776

12
 ≤ 1L 

 ft. Use 18.875 
                                                                                                                   

ft. 18.875)@9 x 10 x
𝟑

𝟏𝟔
Use tie plate ( 

Homework 
resolve the above example by use ASD- 1 

 

√
370.566

4𝑥3.75
= 4.97 𝑖𝑛= 

9 

10 
𝟑

𝟏𝟔
 

3

16
= 

2.24

16
 = 

=0.766)z(r   

 

      

16

16
=0.14x 
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Example  
consist of (2W10x30) useA992 steel material use built up tension member  ft.0 7or F

-LRFD method to determine: 
Allowable tensile design capacity -1 

2-Check the slenderness ratio 
3- Design the tie plate dimension 

 

Solution 
  fu         fy       Steel 

65       50     992A  
            y-yI     yr   x-x I     xr       ft        fb    d'         Ag        Section  

16.7 0.510 4.38 170 1.37W10x 30      8.84   10.5   5.81  
x'=y'                       

01.1                      
allowable tensile design capacity -1  

rengthDepending on the yielding st -a 
  yx F gA θ∑ θPn= 

     kips 795.6= 50x8.84 x2=0.9x        
Depending on the rupture g strength -b 

θPn=θ∑Aex Fu 
  65∑Aex  =0.75       

 
 

0.85U=  

 
 

1 −
𝑥′

𝑙
U=  

7=0.87  1 −
1.10

9
U=  

7Use U=0.87 
/4g2St∑(Diam. of bolt+1/8)+t∑ -An=Ag  

(7/8+1/8) +0 x4x0.51 -8.84An= 
2in 86.=                 

Ae=UAn 
2in 685.9=6.8x 70.87=      

control   kips 581.96= 5.963x65x2θPn=0.75x 
 

kips 581.96Allowable tensile design capacity=  
 

heck the slenderness ratioC-2 
0= 2 d         2

2+ A.d x-xI ∑=groupx) -(xI  
control 4In 340= ((0( 4 x8.8+ (1702=         

 

=5 in 
10

2
= 1 )      d2

1+ (A.d y-yI ∑=y) group-(yI  

   4In = 475.4((25))x1+8.84 (16.7=2         

√
𝐼𝑚𝑖𝑛

∑𝐴𝑔
=minr √

340

2𝑥8.84
= 4.385 𝑖𝑛= 

1.5'' 

- W shape 
Connection in flange- 

 No. of bolt>3 in each line- 

d
2

3
 bf <- 

5.81<7  

d1 

3@3 in  

x15  WT5 

W 10x 30 

10'' 1.5'' 

 @
3
’’

3 

4
 θ

7 8
 b

o
lt

 D
ia

m
.

 

1
.5
’

1
.5
’’
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𝐿

𝑟𝑚𝑖𝑛
=

70𝑥12

4.385
= 191.56 < 300     OK 

 
sesign the tie plate dimensionD-3 

 
distance between centers to center of connectors (b)find the  -a 

 1.5 in=distance from edge 

in 12.81= 
5.81

2
− 1.5)2 x ( 10+=  

𝑏𝑓

2
− 𝑔)( 2 10+b=   

) 1Find the width of a tie plate (b -b 
)24) P.P 107 (M-ℓe = minimum edge distance from table (J3  

= 1.5 in = 7/8         ℓeθ 
OK        h = 15.81+ 2x1.5 =12.811= b 

eℓ1) S + 2.-(n ≥ b 
2

3
Find minimum length of a tie plate ℓ =  -c 

211) x3 + 2x1.5=-4( < 8.54=  12.81 
2

3
 𝑥ℓ =  

 12 𝑖𝑛Use ℓ =  

b  
1

50
Find minimum thickness of a tie plate =  -d 

 12.81x
1

50
t =    

   )1Find the distance between of a tie plate (L -e  

 

  
300𝑥𝑟𝑚𝑖𝑛  for single segments 

12
 ≤ 1L 

 

ft 34.25=  
300𝑥1.37

12
 ≤ 1L 

                                                                                                           Use 33.5 ft 

ft 3.53)@12x5.81x1
5

16
tie plate ( Use 

 
Example 

0 ft built up tension member consist of three plates as shown below connected 5For 

l In each plate flange, useA36 stee to center pacing 3''center@ sdiam. bolt    
7

8
θ by 8

-material and use LRFD method to determine: 
Allowable tensile design capacity -1 
Check the slenderness ratio-2 

 
  fu         fy       Steel 

A36       36        58  
        Section  

5

8
𝑥16)Plate ( 

1

2
𝑥16)Plate ( 

city Allowable tensile design capa-1 
Depending on the yielding strength -a 

  yx F gθPn= θ∑ A 

 )x36 =907.2 kips 
1

2
𝑥16)( )+ 

5

8
𝑥16(  (2x =0.9x        

12 

5

16
 

4.0992

16
=

5

16
= 

0.2562𝑥16

16
 =0.2562= 

7), (ry=1.3   

 

      

h=10+2xbf/2 

h=10+5.81=15.81 
 b 

g=1.5'' 

bf/2 

1.5'' 3'' 3'' 3'' 

Plate (
𝟏

𝟐
𝒙𝟏𝟔) 

Plate (
𝟓

𝟖
𝒙𝟏𝟔) 

Plate (
𝟓

𝟖
𝒙𝟏𝟔) 

mailto:diam.@3''center
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Depending on the rupture g strength -b 
x Fu Ae θPn=θ∑ 

  x 58 ∑Ae =0.75       
  /4g2St∑(Diam. of bolt+1/8)+t∑ -An=Ag  

x4x (7/8+1/8) +0
5

 8
  

1

2
𝑥16)) − )+ ( 

𝟓

𝟖
𝑥16An=(2x(  

2=25.5 in       

1 −
𝑥′

𝑙
U=  

  
∑𝑀@𝑎−𝑎

∑𝐴𝑔
Y'=x'= 

( 
𝟓

𝟖
 𝒙𝟏𝟔 𝒙 

𝟓

𝟐𝒙𝟖
)+( 

𝟏

𝟐
   𝒙 𝟖 𝒙( 

𝟖

𝟐
+ (  

𝟓

𝟖
))

( 
𝟓

𝟖
 𝒙𝟏𝟔+ 

𝟏

𝟐
 𝒙 𝟖   )

=       

X' =1.544 

.828=0  1 −
1.544

9
x'=  

Ae=UAn 
2in 21.11.5=5x 228=0.8      

kips   control 918.28x 58= θPn=0.75x21.11 
 

kips 907Allowable tensile design capacity=  
 

       Check the slenderness ratio -2 
x + (A.d 2)      -x) group=∑I x-I (x 

 
 

=  

 
4in 71553.2= 

 

   y + (A.d2)  -y) group=∑I y-I (y 

 

  
 
 
 

controls  4in427 =  
 

√
427

28
=minr 

  
𝐿

𝑟𝑚𝑖𝑛
=

50𝑥12

3.905
= 153.65 < 300      𝐭𝐡𝐞 𝐬𝐥𝐞𝐧𝐝𝐞𝐫𝐧𝐞𝐬𝐬 𝐫𝐚𝐭𝐢𝐨 𝐢𝐬 𝐎𝐊 

 

 
 
 
 
 
 

Plate (
𝟓

𝟖
𝒙𝟏𝟔) 

y'=x' 

𝟏

𝟐
 

𝟓

𝟖
 

𝟏𝟔

𝟐
 

a a 

 3.905 𝑖𝑛= 

   
163 𝑥 

1

 2
 

12
+ +  

5

8
  𝑥16 𝑥  8 +

5

2𝑥8
 
2

)  (  
(
5

8
)3  𝑥 16

12
2 

   
16 𝑥 (

1

2
)3 

12
+  2𝑥 ( 

(
5

8
)𝑥 163

12
 )= 

Plate (
𝟓

𝟖
𝒙𝟏𝟔) 

Plate (
𝟏

𝟐
𝒙𝟏𝟔) 

Plate (
𝟓

𝟖
𝒙𝟏𝟔) 

N A 

5/8 

8 

8 

5/8 
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Homework 
by steel material 36) useAMC 12x50built up tension member consist of (2 .0 ft8or F 

In each flange use LRFD method to  to center diam. @ spacing 3''centerbolt    
7

8
θ 4 

-determine: 
Allowable tensile design capacity -1 
Check the slenderness ratio-2 

if g = bf/2Design the tie plate  -3 

of tie plate, which it be used if slenderness ratio of Determine the number  -4
component is not exceed 200 

   

1.5 

 

2MC 12x50 

12’’ 

‘’ 𝑔 

1.5 

3 

S 3  

3  

1.5 

3 

S 3  

3  

10 '' 𝑔 

2MC 12x50 

1.5 

 

mailto:diam.@3''center

