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Introduction  

A truss is a structural system constructed of linear members forming triangular patterns. 
The members are assumed to be straight and connected to one another by frictionless 
hinges. All loading is assumed to be concentrated at these connections (joints or panel 
points). By virtue of these properties, truss members are subject only to axial load. In 
reality, these conditions may not be satisfied; for example, connections are never 
frictionless, and hence some moments may develop in adjoining members. In practice, 
however, assumption of the preceding conditions is reasonable. If all the members are 
coplanar, then the system is called a planar truss. Otherwise, the structure is called a 
space truss. The exterior members of a truss are called chords, and the diagonals are 
called web members. 

Trusses often act as beams. They may be constructed horizontally; examples 
include roof trusses and bridge trusses. They also may be constructed vertically; 
examples include transmission towers and internal lateral bracing systems for buildings 
or bridge towers and pylons. 

Trusses often can be built economically to span several hundred feet. Roof 
trusses, in addition to their own weight, support the weight of roof sheathing, roof beams 
or purlins, wind loads, snow loads, suspended ceilings, and sometimes cranes and other 
mechanical equipment. Provisions for loads during construction and maintenance often 
need to be included. All applied loading should be distributed to the truss in such a way 
that the loads act at the joints. Figure 1.1 shows some common roof trusses. 
Bridge trusses are typically constructed in pairs. If the roadway is at the level of the 
bottom chord, the truss is a through truss. If it is level with the top chord, it is a deck 
truss. The floor system consists of floor beams, which span in the transverse direction 
and connect to the truss joints; stringers, which span longitudinally and connect to the 
floor beams; and a roadway or deck, which is carried by the stringers. With this system, 
the dead load of the floor system and the bridge live loads it supports, including impact, 
are distributed to the truss joints. Figure 1.2 shows some common bridge trusses. 
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Design of steel structures 

Types of steel cross sections 
1- I-Sections: (used for beams and columns) 
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S.I.B I.P.E B.F.I.B 

2- Channel section: used for purlins and secondary beams 

 
3- Angles (used for axially loaded members-trusses members- tie) 

 
 

Equal angle Unequal angle 
4- Tubes (pipes): (used for truss members -space trusses-some columns- cables) 
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5- Plates: (used for gusset plate of connections- strengthing of members- splice 

plate)  
- Advantages of steel structures:  
1- High strength    
2- Easy to make strengthing  
3- Ductility  
4- Fast in erection  
5- Easy to make extension 
6- Light weight 
- Disadvantages of steel structures: 
1- Maintenance cost  
2- Buckling 
3- Less fire resisting 
4- Fatigue (in bridges) 
- Design steps of steel structures: 
1- General layout drawing 
2- Loads and structural analysis (straining actions) 
3- Design of members 
4- Design of connections 
5- Details and drawing  
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1- GENERAL LAYOUT 

Steps of drawing of layout: 
1- Main system (Truss or frame….etc) should be placed in the short direction. 
2- Spacing between main system ~ (4 m – 8 m) 
3- Depth of main system (H=L/12-16) L=span of main system 
4- Slope of upper chord of truss (Z:1= 5:1 to 20:1) hmin=1.0 m 
5- Panel width a=(1.5-2 m)  
6- No. of panel even number (12, 16,…..etc) 
7- Inclination of diagonal member (α= 35o-55o) 
8-  Choose H > a > h 

Purlins (secondary beams): 
It is the direct support of covering material (steel sheets) and there are two types: 

1- Rolled sections: 
wt. ~ (15-30) kg/m 

2- Cold formed sections: 
wt. ~ (7- 15) kg/m  

Covering material: 

 Single layer Steel Sheets (5- 8) kg/m2  

 
Double layer Steel Sheets with Isolation (10-15) kg/m2 

 
Decking for R.C. slab (5-8) kg/m2 

 
 
 
 

Bracing: 
1- Resist any horizontal force in long direction (wind load) 
2- Main supporting element during erection 
3- Reduce the buckling length of upper chords outside of plane 
4- Brace the whole structure in the long direction 

a -Horizontal bracing: 
1- Used every (25-30) m in the long direction 
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2- Works as a horizontal truss to resist the wind load and transmits to the vertical 

bracing 

   
Odd/3 even odd 

b -Vertical bracing: 
1- Used at each horizontal bracing 
2- It is the support of horizontal bracing. It acts as a vertical to transmit the reaction 

of horizontal bracing (R) to the foundation 

   
  

c- Longitudinal bracing: 
1- Connect all trusses to work as a space truss to reduce deflection 
2- Brace lower chord members out of plane 
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End gables: 

1- Steel column 
 

 

  
2- Concrete columns 
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TRUSSES OVER STEEL COLUMNS 
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2. LOADS AND ALLOWABLE STRESSES 

2.1 General 

The structural safety shall be established by computing the actual stresses in the structural 
member and being sure that these stresses do not exceed the allowable (working) stresses 
specified below. The actual stresses are calculated used different load combinations 
mentioned in the “Egyptian Code of Practice for Loads and Forces for Structural 
Elements”. Deflections shall also be computed and shall in no case exceed the limits 
herein after specified. 

2.2 primary and secondary stresses 

The stresses shall be calculated according to the following two cases of loading: 

2.1 Case I: Primary Stresses 

This case of loading is the case of main loads affecting the structure. Any of the 
following loading types or the sum of them is considered a main “primary load”. Dead 
Loads, Live Loads or superimposed Loads, Dynamic Effects, Centrifugal Forces ...etc 

2.2 Case II: Primary and Additional Stresses 

In case of adding one or more of the loads which are classified as secondary loads to the 
primary loads to the previously mentioned “Case I”, the case of loading is then denoted 
by (case “II”). Examples of the secondary loads are (Wind Loads or Earthquake Loads, 
Braking Forces, Lateral Shock, Settlement of Supports in addition to the Shrinkage and 
Creep of concrete). 

Important notes: 

1. Stresses due to wind loads shall be considered as primary stresses (Case I) for such 
structures as transmission and microwave towers, transmission pole structures and wind 
bracing systems. 

2. In the design of steel sections, they shall be designed according to “case I”, then they 
should be checked fir (case II) and the actual stresses shall in no case exceed the 
allowable stresses by more than 20%. 

2.3 Loads 

Loads are taken from the Egyptian code for claculating the loads and forces in buildings. 
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There are some special loads for steel structures. In the following sections, some of these 
loads are summarized. 

2.3.1 DEAD LOAD 

Dead loads are taken as the loads of the covering material in addition to the own weight 
of steel structure itself. In case of lack of information about the exact weight of the 
covering material, the following weights may be used in the structural analysis; 

Single Layer Steel Sheets 5kg/m2 to 8 kg/m2  

Double Layered Steel Sheets with Isolation 10kg/m2 to 15 kg/m2 

2.3.2 LIVE LOAD 

The minimum live loads are taken according the Egyptian code of prctice. In case of 
inclined roofs, live loads are considered according the angle of roof slope “α” according 
to the curves presented in Figure (2-1). In this figure, two curves are plooted for both 
accessible and inaccessible roofs. The value of the live load can be calculated using 
equations 2-1 and 2-2 instead of the curve.  

L.L. = 60 – 66 2/3 tanα > 20 kg/m2 (for Inaccessible roofs) (2-1) 

L.L. = 200 – 300 tanα > 20 kg/m2 (for Accessible roofs) (2-2) 
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2.3.3 WIND LOAD 

Wind loads are the forces that affect the building in direction perpendicular to the 
surfaces of the buildings and structures. This force is considered positive if it is in surface 
direction (pressure) and negative if it is outside the surface, away from the surface 
direction (suction). 

The external pressure or suction of wind force affecting the building surfaces is 
calculated using the following equation: 

P e = C e k q                  (2-3) 

Where; 

Pe is the external design static wind pressure affecting the external unit area, 

Ce is the coefficient of wind effect (pressure or suction) and it depends on the building 
geometric shape and is taken as shown in figures (2-2) to (2-5) for different types of 
frames. 

k is a coefficient changes with the change of building height and taken according to table 
(2-1), 

q is the basic wind pressure and it depends on the location of the building and is taken 
according to table (2-2) for areas inside Egypt. 
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Table (2-1) Values of Coefficient “k” 
The height of building taken to calculate the coefficient “k” is the height of location the 
wind pressure is calculated at it. 

 
 
Table (2-2) Basic wind Pressure at different Locations in Egypt 
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Loads 

5.00

5.00

P2P3P1 P1P2P2P2P2P2P2P2

a

P2 P2 P2
P1 P2

30.00 m3.00 m

P2P2P2P3
P1P2

3.0 m

 

1- Dead Load  

P = o.w.t of corregated sheet x (panel width/cosα ) x spacing between trusses + o.w.t of 
purlin x spacing between trusses + o.w.t of truss * panel width  

P1= 5x1.5/cos α + 8 x 5 + 100 x 1.5=   kg  

P2= 5x3/cos α + 8 x 5 + 100 x 3=   kg  

2- Live load 

Live load intensity = (60-66.67x tan α) x spacing x panel width 

P1= (60-66.67 x tan α) x 5 x 1.5=   kg 

P2= 2x P1     kg 
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P2 P2 P2
P2' P2

30.00 m3.00 m

P3P2'

3.0 m
P1

P1 P4

P4

P3 P3 P3
P3'

P3'

hWind left

Ce= from chart Ce=-0.5

Ce=-0.5

Ce=0.8

 

 

3- Wind load 

P= ce k q x service area   

P1= 0.8 x 1 x70 x h/2 x S    kg 

P2’= -0.8 x 1 x 70 x (a/2cos α) x S   kg 

P2= -0.8 x 1 x 70 x (a/cos α) x S   kg 

P3’= - 0.5 x 1 x 70 x (a/2cos α) x S   kg 

P3= - 0.5 x 1 x 70 x (a/2cos α) x S   kg 

P4= - 0.5 x 1 x 70 x (h/2) x S    kg 
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3. DESIGN OF TENSION MEMBERS 

Tension members are encounters in most steel structures. They occur as principal 
structural members in bridges and roof trusses, in truss structures such as transmission 
and microwave towers and wind bracing systems in multi-story buildings. These 
members can be defines as “Members which carry only axial tensile forces”. Some 
examples of these members are shown in figure (3.1) and their cross-sections are shown 
in figure (3.2). 

 
Figure (3.1) Samples of Steel Structures Containing Tension Members 
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Figure (3.2) Samples of Cross-Sections of Tension Members 

 

3.2 TENSION MEMBER RESISTANCE: 

The maximum resistance of a tension member “Tr” is calculated using the following 
equation: 

Tr = Anet . Ft            (3-1) 

where Anet is the effective net area of the cross section and Ft is the allowable stress of the 
steel in tension which is defined by the Egyptian Code of Practice, ECP 2001, as: 

Ft = 0.58 Fy             (3-2) 

3.2.1 Allowable Tensile Stresses for Steel 

The allowable tensile strength for steel is calculated using equation (3-2) in which, Fy is 
the nominal yield stress of steel. Table (3-1) presents the nominal yield stress and the 
nominal ultimate stress for different steel grades used in structural design. 
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Table (3-1) Nominal Yield Stresses and Ultimate Stresses for Different Steel Grades 

 

According to table (3-1) and equation (3-2), Ft can be taken from table (3-2): 

Table (3-2) Allowable Tensile Stresses for Different Steel Grades 

 

The above values for the allowable stress, Ft, may be increased by 20% if secondary 
stresses are considered (case of loading II). 
 

3.2.2 Effective Net Area “Anet” 

Whenever tension member is to be fastened by means of bolts or rivets, holes must be 
provided at the connection. As a result, the member cross-sectional area at the connection 
is reduced and the strength of the member may also be reduced depending on the size and 
location of the holes. The effective area in resisting the tensile stress of the cross-section 
is called the effective net area Anet. 

The tension member resistance must be calculated based on the effective net area of the 
cross-section Anet which can be calculated as follows: 

i- For Lined up Holes: 

Whenever there is only one hole or multiple holes lined up transverse to the loading 
direction, there is only one potential line may exist. The controlling failure line is that 
which passes through the bolt hole/ or holes (line AB in Figure). 
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Anet = Agross – n (d+ 2 mm) t        (3-3) 

Where n = number of bolts in the cross section perpendicular to the direction of loading. 

t = the thickness of plate element at which the hole lies. 

d = bolt diameter 

It is noted that the hole diameter exceeds the bolt diameter by 2 mm. 

ii- For Staggered Holes: 

Whenever there is more than one hole and the holes are not lined up transverse to the 
loading direction, more than one potential line may exist. The controlling failure line is 
that which gives the minimum area. In the opposite figure, there are two lines of 
staggered holes. The failure line may be through one hole (section A-B), or it might be 
along a diagonal path (section A-C). 

 



Lectures Notes (Steel I - CT122) Higher technological institute 10th of Ramadan city 
Dr. Essam Abd Elaty Mohamed Amoush 

 
Anet (Path A-B) = Agross – (d +2mm) t                (3-4) 

Anet (Path A-C) = Agross – 2. (d +2mm) t +( s2/4g) t      (3-5) 

The net area Anet is the minimum of the two values. 

3.3 MEMBERS USED IN TRUSSES 

 

Unsymmetric Sections (Single Angles) 
Used in Vertical and diagonal members of truss 

Minimum radius of gyration is iv = 0.2 a 

 

Symmetric Sections (Star-Shaped) 
Used in Vertical members of truss at intersection with longitudinal bracing, and long 

tension members 
Minimum radius of gyration is iu = 0.385 a 
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Symmetric Sections (two angles back-to-back) 

Used in chord members of truss and web members of high values of force. 
Minimum radius of gyration is ix = 0.3 a 

Maximum radius of gyration is iy = 0.45 a 

3.4 APPLICATION ON TRUSS MEMBERS WITH BOLTED CONNECTIONS 

Truss members are considered symmetric sections when the center of gravity of the 
members coincides with the center of gravity of the connecting gusset plate. 

3.4.1 Symmetric Sections: 

Sections composed of two angles back-to-back and two angles star shaped (where there is 
no eccentricity at the location of the C.G. of the member and the C.G. of the gusset plate) 
are considered symmetric sections. 

 

Net Area = Gross Area – Area of Bolt’s holes 

Anet = Agross - AHoles 
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Where the diameter of the bolt hole = diameter of the bolt + 2 mm for drilled bolts. 

3.4.2 Unsymmetric Sections (single angle) 

In single angle truss members where there is eccentricity between the C.G. of the member 
and the C.G. of the gusset plate at the location of the connection (the system shown in 
figure), the net area of the member is calculated as follows: 

 
Anet= A1+A2(3A1/(3A1+A2))      (3-6) 

Where A1 is the net area of the connected leg and A2 is the area of the unconnected leg. 
3.4.3 Un-symmetric sections (double angles). 
The two angles are considered un-symmetric when they lie on one side of the gusset plate 
as shown in figure. To allow for the eccentricity of the connection (the system shown in 
figure), the net area of the member is calculated as follows: 

 
Anet= A1+A2(5A1/(5A1+A2))         (3-7) 

Where A1 is the net area of the connected leg and A2 is the area of the unconnected leg. 
3.5 APPLICATION ON TRUSS MEMBERS WITH WELDED CONNECTIONS 
3.5.1 Symmetric Sections: 
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Anet = Agross 

3.5.2 Unsymmetric sections ( e.g. single angle ): 

 
Anet= A1+A2 (3A1/(3A1+A2)) 

Where A1 is the net area of the connected leg and A2 is the area of the unconnected leg 
(there are no bolt holes to be deducted from areas A1 and A2). 
3.5.3Unsymmetric Sections (Double Angles): 

 
Anet= A1+A2 (5A1/(5A1+A2)) 

Where A1 is the net area of the connected leg and A2 is the area of the unconnected leg 
(there are no bolt holes to be deducted from areas A1 and A2). 
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3.6 STIFFNESS REQUIREMENTS FOR TENSION MEMBERS: 

To avoid sag, vibration and slack of tension member the ECP, 2001defined: 

3.6.1 The Maximum Slenderness Ratio 

The maximum slenderness ratio of a tension member (excluding wires): 

 

3.6.2 The length/depth ratio (Recommended Values) 

Stiffness requirements for tension members (excluding wires) are: 

 

3.7 DESIGN PROCEDURES: 
Step1: Estimate the cross section:  
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Step2. Check of the Chosen Member: 
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4. DESIGN OF COMPRESSION MEMBERS 

4.1 CLASSIFICATION OF CROSS-SECTION 

In the Egyptian code of practice, the sections are classified according to local buckling of 
component plate elements into three section classes; compact sections, non-compact 
sections and slender sections as follows: 

4.1.1 Class 1 (Compact Sections) 

Compact sections are the sections that can achieve plastic moment capacity without the 
occurrence of local buckling of any of its component plate elements subjected to 
compressive stress. 

4.1.2 Class 2 (Non-Compact Sections) 

Non-compact sections are the sections that can achieve the yield moment capacity 
without the occurrence of local buckling of any of its component plate elements subjected 
to compressive stress.  

4.1.3 Class 3 (Slender Sections) 

Slender sections are the sections in which local buckling of component plate elements 
subjected to compressive stress takes place before failure takes place. When any of the 
compression component elements of a cross-section is classified as class 3, the whole 
section shall be designed as class 3 cross-section. 

The limiting plate width-to-thickness ratio for class 1 and class 2 are given in the 
following tables: 
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Table (4.1a) Maximum Width to Thickness Ratios for Stiffened Compression 
Elements 
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Table (4.1b) Maximum Width to Thickness Ratios for Stiffened Compression 
Elements 
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Table (4.1c) Maximum Width to Thickness Ratios for Unstiffened Compression 
Elements 

 
Table (4.1d) Maximum Width to Thickness Ratios for Compression Elements 
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Table (4-2) Buckling Length Factor “K” for Members with Well Defined End-
Conditions. 



Lectures Notes (Steel I - CT122) Higher technological institute 10th of Ramadan city 
Dr. Essam Abd Elaty Mohamed Amoush 

 

 
 
Tables (4-3) and (4-4) show the buckling lengths in most of the familiar compression 
members in trusses of buildings and bridges. 
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Table 4-3: Buckling Length of Compression Members in Buildings and Bridge 
Bracing Systems 

 
 
 



Lectures Notes (Steel I - CT122) Higher technological institute 10th of Ramadan city 
Dr. Essam Abd Elaty Mohamed Amoush 

 
Table 4-4: Buckling Length of Compression Members in Buildings and Bridge 
Bracing Systems (Cont.) 
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4.3 Maximum stiffness Limits 

4.3.1 MAXIMUM SLENDERNESS RATIOS FOR COMPRESSION MEMBERS 

The slenderness ratio of a compression member shall not exceed max λ given in the next 
table:  

Maximum Allowable Slenderness Ratios of Compression Members 

 
 
Design procedures:- 

1- Get design compression force 
2- Assume allowable stress Fall =(from 0.25Fy  - to 0.4Fy)  

                                  Or=0.58Fy     and factor of safety (from 1.3 to 2) 
Areq=C/Fall.  

3- From Tables choose sections (angles, I-shape, ….) 
4- Get allowable stress according to slenderness ratios (λx, λy) 

λx= klx/rx 
λy= kly/ry 
λcr= max. from (λx & λy) 
if λcr≤100 
Fall = 1.4-0.000065 λcr

2    St.37 
                = 1.6-0.000085 λcr

2    St.44 
                = 2.1-0.000135 λcr

2    St.52 
         If λcr>100 
         Fall=7500/ λcr

2 
5- Check strength 

Fact=c/Area ≤Fall 
6- Check of required tie plate (for double angles only) 

L’/rmin 1L =L/rmin 2L 
L’/L= (rmin 1L/rmin 2L) 
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Example 1:- 
Design upper member chord U3 as shown in Figure1, where St. 37, 2L back to back and 
compression force=10 t and L=Lx=Ly=250cm. 
 

2.00

30.00

2.00

2.50

Slope 1:10
U3

D3 D6

 
Solution:- 

1- Areq= 10/(0.25x2.4)=10/0.6=16.67 cm2 
Choose 2L 70x70x7    A2L= 2x9.4=18.8 cm2 

2- λx=kLx/rx=250/(0.31x7)=115.21 <180 
     λy=kLy/ry=250/(0.45x7)=79.37  <180 

λcr=115.21>100 
Fall=7500/(115.21)2=0.565 t/cm2 

3- Fact= C/Area= 10/18.8=0.532 t/cm2 <0.565 t/cm2    O.k 
4- Check of required tie plate 

L’= 1.36 / (0.31x7) x 250=156.68 cm 
156.68/250= 0.63        
Use one tie plate at mid 

 
Example 2:- 
Design Diagonal member D3 as a compression member with 8t and 5t where LD3=3.53 m. 
Solution:- 
For member D3 
Areq=8/(0.25xx2.4)=8/0.6=13.33 cm2 
Choose L 100x100x10   A= 19.2 cm2 

3- λx=kLx/rx=353/3.04= 116.12       <180 
     λy=kLy/ry=1.2x 353/3.04=  139. 34       <180 

λcr=kL/rv=1.2x353/1.95= 217   >180             unsafe  
choose 120x120x10 
λcr=kL/rv=1.2x353/2.36= 179.49  <180 
   
Fall=7500/(179.49)2=0.233 t/cm2  Fall= 0.6x0.233=0.14 t/cm2 
It is illogic to increase section but use 2L80x80x8 star shape for    economic 
design 
λcr=kL/rv=1.2x353/(0.385x8)=137.53       <180  
Fall=7500/(137.53)2=0.396 t/cm2 

4- Fact= C/Area= 8/(2x12.3)=0.325 t/cm2 <0.396 t/cm2    O.k 
5- Fact/Fall=0.325/0.396= 0.82 waste use smaller section 
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Tension Member (AISC-LRFD) 
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Compression Member (AISC-LRFD) 
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Continuous 
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Example E-4  
Design of lower chord member U5 as shown in Figure, where Fy=50ksi, FU5=10 t. 
 

2.00 m

30.00 m

2.00 m

2.50 m

Slope 1:10 U5

 
Solution 

Lx=Ly= 2.5/cos 5.7~2.512 m/0.3048=8.24 ft 

Fu5=10 t /0.4536=22.05 kip 

Try 2L 3x 3x 1/2 

λx=kLx/rx=8.24x12/(0.3x3)  = 109.87    <200 

λy=kLy/ry=8.24x12/(0.45x3) =73.24    <200   O.k 

λc=kL(Fy/E)0.5/(rπ)=8.24x12x(50/29000)0.5/(0.3x3x3.14) 

    = 1.453 < 1.5 

Fcr=[(0.685)^λc
2]Fy=[0.685^1.4532]x50=22.5 ksi 

Φc Fcr=0.85x22.5=19.13 ksi 
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Φc Pn= Φc Fcr Ag=19.13 x2.75 =52.6 ksi                       < Fus=22.05 kip  O.k waste  

Try 2L 2.5x2.5x1/2 
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Connections 
Welded connections 
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Higher Technogical Institute         CT 122 Metallic Structure (I) 
Department of Civil Engineering                           Final Examination                  

Time 90 min.  
Specify any missing information and state your assumptions clearly. 
Problem I 
A shed frame-truss with spacing equals 4.50 m as shown in figure (1) covers an area 7.50 
mx45m.  It is required to  
1- Draw a general layout.  (10 marks) 
2- Design of member A, G and check the safety of member B, if its cross-section is 2L 70x70x7. 
(15 marks) 
3- Design connection of Joint 1 if members C, D are 2L 60x60x6 as a welded connection and 
members E, F are L80x80x8 as a bolted connection. (15 marks) 
Given: (ECP), Steel 37, Fy=2.4 t/cm2, bolts M12 quality (8.8).  

3 t3 t3 t3 t3 t1.5 t

1.5 t

10 t

5 t6 t

8 t

Joint 1

Joint 1

7.50 C D
EF

G

C
D

EF
G

B

A

1.50

7.50

2.75

1.25

   
Figure (1) Shed Frame-Truss 

 
"With my best wishes" 

              Dr. Essam Amoush 
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Design of Joint 1 

For member C 

Rsh=0.25x8x0.84x2=3.36 t 

Rb= 0.6x3.6x1.2x1.0=2.592 t 

R bearing=min form {Rsh & Rb} =2.592 t  

N. o. bolts = 10/2.592=3.86 bolts 

Take 4 bolt / line 

For Member D  

N. o. bolts=8/2.592=3.09 bolts 

Take 4 bolts / line 

For member E & F 

Fpw=0.2x3.6=0.72 t/cm2 

Assume Smin=4mm 

      Smax=8mm 

Take S=6 mm 

F1= 6x5.74/8=4.305 t 

L1xS= 4.305/0.72=5.98 cm2 

L1=5.98/0.6=9.97 cm 

L1 eff.=9.97+2S=9.97+2x0.6=11.17 cm ~112 mm 

F2= 6x2.26/8=1.7 t 

L2xS=1.7/0.72=2.36 cm2 

L2=2.36/0.6=3.93 cm 

L2 eff.= 3.93+2x0.6=5.13 cm ~52 mm  

L1
L2

L1

L2

2L60x60x6

4M12 4M12

L8
0x

80
x8

L80x80x8

 


