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 1. Tensões em juntas soldadas de topo e de ângulo Reforço ou sobre-espessura



A figura 1, mostra uma junta soldada topo-atopo, com um chanfro em V, solicitada por uma força de tracção F . Tanto para o caso de tracção como de compressão a tensão normal média no cordão é dada por F 



σ=



hl em que h é a espessura da garganta do cordão e l é o comprimento do mesmo.



Espessura da garganta do cordão - h



Fig. 1



A tensão média numa junta soldada deste tipo, mas solicitada por forças de corte, é dada por τ=



F  hl



.



No caso de um cordão de ângulo como o representado na figura 2, e para efeitos de dimensionamento é usual considerar apenas a tensão de corte na garganta do cordão (DB) e Design ). desprezar a tensão normal (ver Shigley & Mischke - Mechanical Engineering Design).



A área da garganta do cordão é  A = a l



garganta do cordão a



sendo a espessura da garganta dada por a=



h 2



= 0.707



h.



A tensão de corte média na garganta do cordão, DB, é dada por τ=



F  0.707h l



=



1.414 F  hl



Fig. 2



.
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 Na figura 3 estão representadas as distribuições de tensões no cordão de soldadura (Ref. th



Shigley & Mischke – Mechanical Engineering Design, 6   ed., McGraw-Hill, pp. 532): 532 ): (a) Distribuição de tensões ao longo dos faces BC e AB, evidenciando-se os efeitos de concentração de tensões nas faces vertical e horizontal do cordão – estudo de  Norris, Photoelastic investigation of stress distribution in transverse fillet welds, Welding J., Vol. 24, 1945, pp. 557s; 557s ; (b) Distribuição das tensões principais, σ1 e σ 2  , bem como da tensão de corte máxima na garganta do cordão, evidenciando-se também o efeito de concentração de tensões no ponto B – estudo de Salakian e Clausen, Stress distribution in fillet welds: A review of the literature, Welding J., Vol.16, 1937, pp. 1-24 . Esta distribuição é de particular particular interesse, uma uma vez que que são as tensões na garganta do cordão que são utilizadas em projecto.



Fig. 3



Para efeitos de projecto ou verificação da segurança de uma junta soldada, a utilização da expressão da tensão de corte média



τ=



F  0.707 h l



= 1.414



F  hl



constitui uma opção mais conservadora do que a utilização, u tilização, por exemplo, do critério da tensão de corte máxima, que neste caso seria dada por
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   F       2hl  



τ max =



2



  F   +   hl 



2 = 1.118



F  hl



obtida através do círculo de Mohr combinando a tensão normal e a tensão de corte que actuam na secção mínima da garganta do cordão. Estamos portanto, a efectuar uma consideração mais segura em termos de projecto, ao considerar a tensão de corte média.



2. Verificação de juntas soldadas através do Regulamento Português de Estruturas de Aço para Edifícios O  Regulamento de Estruturas de Aço para Edifícios de 1986 , Decreto-Lei 211/86 de 31 de  Julho, aqui mencionado a título ilustrativo, estabelecia as regras a observar no projecto e execução de estruturas de aço para edifícios e obras análogas cujos elementos sejam aços laminados a quente, definindo uma metodologia para verificação da segurança de juntas soldadas. Apresenta-se nas páginas seguintes, um extracto do Artigo 60º deste regulamento – Verificação da segurança das ligações soldadas , onde se encontram as equações para a obtenção das designadas tensões de referência σ Sd , ref  , para diversos tipos de juntas soldadas. Estas tensões de referência são calculadas em função das tensões médias actuantes no plano correspondente à garganta do cordão: σ Sd 



- tensões normais



τ p, Sd   - tensões de corte perpendiculares ao plano da garganta do cordão



τ l, Sd  - tensões de corte longitudinais ao cordão



A verificação da segurança do cordão consiste em satisfazer em cada ponto a condição:



σ Sd , ref  ≤ σ Rd 



Sendo σ Rd   o valor de cálculo da tensão resistente, σ Rd  =  f  yd  = σ e  (tensão correspondente ao limite de elasticidade a 0.2%).
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  Extracto:
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 3. Verificação de juntas soldadas sujeitas a esforços de torção e flexão No caso de juntas soldadas sujeitas a esforços de torção ou flexão, é normalmente vantajoso tratar a secção resistente de um cordão ou grupo de cordões como uma linha ou conjunto de linhas. Os segundos momentos de área da secção resistente dos cordões são assim tratados como segundos momentos de área unitários (i.e. com unidades de comprimento ao cubo), com a vantagem óbvia de serem independentes da espessura da garganta dos cordões, a = 0.707 h . A relação entre os segundos momentos de área,  I , ou os segundos momentos polares de área,  J , e os correspondentes segundos momentos unitários é, respectivamente dada por



 I  = 0.707 h  I u  J  = 0.707 h  J u



em que  I u  é o segundo momento de área unitário e  J u  é o segundo momento polar de área unitário, que podem ser obtidos para algumas geometrias lineares nas tabelas incluídas no Anexo I.



3.1. Juntas soldadas sujeitas a torção A figura ilustra uma junta soldada sujeita a uma força de corte V    e um momento torçor T . A força de corte origina as tensões de corte primárias τ′ = área



resistente



V   A



das



, em que  A é a gargantas



do



conjunto de cordões. O momento torçor origina as tensões de corte secundárias τ′′ =



T  r   J 



, em



que r   é a distância do centróide do grupo de cordões ao ponto de interesse e  J   é o segundo momento polar de área do grupo de cordões em torno do respectivo centróide.
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 3.2. Juntas soldadas sujeitas a flexão



A junta soldada representada na figura está sujeita a um esforço transverso V  e a um momento flector M . A força de corte origina as tensões de corte primárias τ′ =



V   A



, em que  A é a área resistente



das gargantas do conjunto de cordões. O momento flector origina a tensão normal σ   nos cordões de soldadura. Embora não seja rigoroso, é usual assumir na análise das tensões nos cordões de soldadura, que esta tensão actua numa direcção normal à área da garganta do cordão. Tratando os dois cordões da fig. (b), como linhas, o segundo momento de área unitário é dado por  I u =



bd 2 2



. O segundo momento de área  I , baseado na espessura do cordão é



 I  = 0.707 h  I u = 0.707 h



bd 2 2



 .



As tensões normais nominais na garganta dos cordões são dadas por



σ=



 M  d  / 2  I 



=



 M  d  / 2 0.707 h  I u



=



 M  d  / 2 2



=



1.414 M  b d  h



0.707 h b d   / 2



 .



O segundo momento de área, nesta equação, é baseado na distância d   entre os dois cordões. Se este momento fosse obtido tratando os dois cordões como áreas rectangulares, a distância entre os dois centróides seria (d+h). Isto originaria um segundo momento de área um pouco superior e consequentemente uma menor tensão σ  . Assim, o facto de tratar os cordões como linhas produz resultados mais conservadores e portanto uma segurança adicional, que é apropriada face aos efeitos de concentração de tensões que ocorrem nos cordões (ver fig. 3).
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 ANEXO I - PROPRIEDADES GEOMÉTRICAS DE LINHAS



Pro riedades eométricas a licáveis a flexão de cordões de canto
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 Pro riedades eométricas a licáveis a flexão de cordões de canto 
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continua ão



 Pro riedades eométricas a licáveis a tor ão de cordões de canto
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 ANEXO II - PROPRIEDADES DE ALGUNS MATERIAIS DE ADIÇÃO
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 ANEXO III - SIMBOLOGIA DAS JUNTAS SOLDADAS Section II. WELD AND WELDING SYMBOLS 3-4. GENERAL Welding cannot take its proper place as an engineering tool unless means are provided for conveying the information from the designer to the workmen. Welding symbols provide the means of placing complete welding information on drawings. The scheme for symbolic representation of welds on engineering drawings used in this manual is consistent with the "third angle" method of projection. This is the method predominantly used in the United States. The joint is the basis of reference for welding symbols. The reference line of the welding symbol (fig. 3-2) is used to designate the type of weld to be made, its location, dimensions, extent, contour, and other supplementary information. Any welded joint indicated by a symbol will always have an arrow side and an arrow other side. Accordingly, the terms arrow side, other side, and both sides are used herein to locate the weld with respect to the joint.



The tail of the symbol is used for designating the welding and cutting processes as well as the welding specifications, procedures, or the supplementary information to be used in making the weld. If a welder knows the size and type of weld, he has only part of the information necessary for making the weld. The process, identification of filler metal that is to be used, whether or not peening or root chipping is required, and other pertinent data must be related to
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 the welder. The notation to be placed in the tail of the symbol indicating these data is to be established by each user. If notations are not used, the tail of the symbol may be omitted. 3-5. ELEMENTS OF A WELDING SYMBOL A distinction is made between the terms "weld symbol" and "welding symbol". The weld symbol (fig. 3-3) indicates the desired type of weld. The welding symbol ( fig. 3-2) is a method of representing the weld symbol on drawings. The assembled "welding symbol" consists of the following eight elements or any of these elements as necessary: reference line, arrow, basic weld symbols, dimensions and other data, supplementary symbols, finish symbols, tail, and specification, process, or other r eference. The locations of welding symbol elements with respect to each other are shown in figure 3-2.



3-6. BASIC WELD SYMBOLS a. General. Weld symbols are used to indicate the welding processes used in metal joining operations, whether the weld is localized or "all around", whether it is a shop or field weld, and the contour of welds. These basic weld symbols are summarized below and illustrated in figure 3-3. b. Arc and Gas Weld Symbols. See figure 3-3. c. Resistance Weld Symbols. See figure 3-3. d. Brazing, Forge, Thermit, Induction, and Flow Weld Symbols.
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 (1) These welds are indicated by using a process or specification reference in the tail of the welding symbol as shown in figure 3-4.



(2) When the use of a definite process is required (fig. 3-5), the process may be indicated by one or more of the letter designations shown in tables 3-1 and 3-2.
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 NOTE Letter designations have not been assigned to arc spot, resistance spot, arc seam, resistance seam, and projection welding since the weld symbols used are adequate.



(3) When no specification, process, or other symbol, the tail may be omitted ( fig. 3-6). Reference is used with a welding
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 e. Other Common Weld Symbols. Figures 3-7 and 3-8 illustrate the weld-all-around and field weld symbol, and resistance spot and resistance seam welds.



f. Supplementary Symbols. These symbols are used in many welding processes in congestion with welding symbols and are used as shown in figure 3-3. 3-7. LOCATION SIGNIFICANCE OF ARROW a. Fillet, Groove, Flange, Flash, and Upset welding symbols. For these symbols, the arrow connects the welding symbol reference line to one side of the joint and this side shall be considered the arrow side of the joint (fig. 3-9). The side opposite the arrow side is considered the other side of the joint (fig. 3-10).
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 b. Plug, Slot, Arc Spot, Arc Seam, Resistance Spot, Resistance Seam, and Projection Welding Symbols. For these symbols, the arrow connects the welding symbol reference line to the outer surface of one member of the joint at the center line of the desired weld. The member to which the arrow points is considered the arrow side member. The other member of the joint shall be considered the other side member (fig. 3-11).



c. Near Side. When a joint is depicted by a single line on the drawing and the arrow of a welding symbol is directed to this line, the arrow side of the joint is considered as the near side of the joint, in accordance with the usual conventions of drafting ( fig. 3-12 and 3-13).



d. Near Member. When a joint is depicted as an area parallel to the plane of projection in a drawing and the arrow of a welding symbol is directed to that area, the arrow side member of the joint is considered as the near member of the joint, in accordance with the usual conventions of drafting (fig. 3-11).
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 3-8. LOCATION OF THE WELD WITH RESPECT TO JOINT a. Arrow Side. Welds on the arrow side of the joint are shown by placing the weld symbol on the side of the reference line toward the reader ( fig. 3-14).



b. Other Side. Welds on the other side of the joint are shown by placing the weld symbol on the side of the reference line away from the reader (fig. 3-15).



c. Both Sides. Welds on both sides of the joint are shown by placing weld symbols on both sides of the reference line, toward and away from the reader ( fig. 3-16).



d. No Side Significance. Resistance spot, resistance seam, flash, weld symbols have no arrow side or other side significance in themselves, although supplementary symbols used in conjunction with these symbols may have such significance. For example, the flush contour symbol (fig. 3-3) is used in conjunction with the spot and seam symbols (fig. 3-17) to show that the exposed surface of one member of the joint is to be flush. Resistance spot, resistance seam, flash, and upset weld symbols shall be centered on the reference line ( fig. 3-17).
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 3-9. REFERENCES AND GENERAL NOTES a. Symbols With References. When a specification, process, or other reference is used with a welding symbol, the reference is placed in the tail ( fig. 3-4). b. Symbols Without References. Symbols may be used without specification, process, or other references when: (1) A note similar to the following appears on the drawing: "Unless otherwise designated, all welds are to be made in accordance with specification no...." (2) The welding procedure to be used is described elsewhere, such as in shop instructions and process sheets. c. General Notes. General notes similar to the following may be placed on a drawing to provide detailed information pertaining to the predominant welds. This information need not be repeated on the symbols: (1) "Unless otherwise indicated, all fillet welds are 5/16 in. (0.80 cm) size." (2) "Unless otherwise indicated, root openings for all groove welds are 3/16 in. (0.48 cm)." d. Process Indication. When use of a definite process is required, the process may be indicated by the letter designations listed in tables 3-1 and 3-2 (fig. 3-5). e. Symbol Without a Tail. When no specification, process, or other reference is used with a welding symbol, the tail may be omitted (fig. 3-6). 3-10. WELD-ALL-AROUND AND FIELD WELD SYMBOLS a. Welds extending completely around a joint are indicated by mans of the weld-all-around symbol (fig. 3-7). Welds that are completely around a joint which includes more than one type of weld, indicated by a combination weld symbol, are also depicted by the weld-all-around symbol. Welds completely around a joint in which the metal intersections at the points of welding are in more than one plane are also indicated by the weld-all-around symbol. b. Field welds are welds not made in a shop or at the place of initial construction and are indicated by means of the field weld symbol (fig. 3-7). 3-11. EXTENT OF WELDING DENOTED BY SYMBOLS a. Abrupt Changes. Symbols apply between abrupt changes in t he direction of the welding or to the extent of hatching of dimension lines, except when the weld-all-around symbol ( fig. 33) is used. b. Hidden Joints. Welding on hidden joints may be covered when the welding is the same as that of the visible joint. The drawing indicates the presence of hidden members. If the welding on the hidden joint is different from that of the visible joint, specific information for the welding of both must be given.
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 3-12. LOCATION OF WELD SYMBOLS a. Weld symbols, except resistance spot and resistance seam, must be shown only on the welding symbol reference line and not on the lines of the drawing. b. Resistance spot and resistance seam weld symbols may be placed directly at the locations of the desired welds (fig. 3-8).
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 EXAMPLES:



Fillet Welds



The fillet weld is used to make lap joints, corner joints, and T joints. As its symbol suggests, the fillet weld is roughly triangular in cross-section, although its shape is not always a right triangle or an isosceles triangle. Weld metal is deposited in a corner formed b y the fit-up of the two members and penetrates and fuses with the base metal to form the j oint. (Note: for the sake of graphical clarity, the drawings below do not show the penetration of the weld metal. Recognize, however, that the degree of penetration is important in determining the quality of the weld.)



The perpendicular leg of the triangle is always drawn on the left side of the symbol, regardless of the orientation of the weld itself. The leg size is written to the left of the weld symbol. If the two legs of the weld are to be the same size, only one dimension is given; if the weld is to have unequal legs (much less common than the equal-legged weld), both dimensions are given and there is an indication on the drawing as to which leg is longer.



The length of the weld is given to the right of the symbol.
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 If no length is given, then the weld is to be placed between specified dimension lines (if given) or between those points where an abrupt change in the weld direction would occur (like at the end of the plates in the example above). For intermittent welds, the length of each portion of the weld and the spacing of the welds are separated by a dash (length first, spacing second) and placed to the right of the fil let weld symbol.



Notice that the spacing, or pitch, is not the clear space between the welds, but the center-tocenter (or end-to-end) distance.



Groove Welds



The groove weld is commonly used to make edge-to-edge joints, although it is also often used in corner joints, T joints, and joints between curved and flat pieces. As suggested by the variety of groove weld symbols, there are many ways to make a groove weld, the differences depending primarily on the geometry of the parts to be j oined and the preparation of their edges. Weld metal is deposited within the groove and penetrates and fuses with the base metal to form the joint. (Note: for the sake of graphical clarity, the drawings below generally do not
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 show the penetration of the weld metal. Recognize, however, that the degree of penetration is important in determining the quality of the weld.) The various types of groove weld are:



The square groove weld, in which the "groove" is created by either a tight fit or a slight separation of the edges. The amount of separation, if any, is given on the weld symbol.



The V-groove weld, in which the edges of both pieces are chamfered, either singly or doubly, to create the groove. The angle of the V is given on the weld symbol, as is the separation at the root (if any).



If the depth of the V is not the full thickness--or half the thickness in the case of a double V-the depth is given to the left of the weld symbol.
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 If the penetration of the weld is to be greater than the depth of the groove, the depth of the effective throat is given in parentheses after the depth of the V.



The bevel groove weld, in which the edge of one of the pieces is chamfered and the other is left square. The bevel symbol's perpendicular line is always drawn on the left side, regardless of the orientation of the weld itself. The arrow points toward the piece that is to be chamfered. This extra significance is emphasized by a break in the arrow line. (The break is not necessary if the designer has no preference as to which piece gets the edge treatment or if the piece to receive the treatment should be obvious to a qualified welder.) Angle and depth of edge treatment, effective throat, and separation at the root are described using the methods discussed in the V-groove section.



The U-groove weld, in which the edges of both pieces are given a concave treatment. Depth of edge treatment, effective throat, and separation at the root are described using the methods discussed in the V-groove section.



33



 The J-groove weld, in which the edge of one of the pieces is given a concave treatment and the other is left square. It is to the U-groove weld what the bevel groove weld is to the Vgroove weld. As with the bevel, the perpendicular line is always drawn on the left side and the arrow (with a break, if necessary) points to the piece that receives the edge treatment. Depth of edge treatment, effective throat, and separation at the root are described using the methods discussed in the V-groove section.



The flare-V groove weld, commonly used to join two round or curved parts. The intended depth of the weld itself are given to the left of the symbol, with the weld depth shown in parentheses.
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 The flare bevel groove weld, commonly used to join a round or curved piece to a flat piece. As with the flare-V, the depth of the groove formed by the two curved surfaces and the intended depth of the weld itself are given to the left of the symbol, with the weld depth shown in parentheses. The symbol's perpendicular line is always drawn on the left side, regardless of the orientation of the weld itself.



Common supplementary symbols used with groove welds are the melt-thru and backing bar symbols. Both symbols indicate that complete joint penetration is to be made with a singlesided groove weld. In the case of melt-thru, the root is to be reinforced with weld metal on the back side of the joint. The height of the reinforcement, if critical, is indicated to the left of the melt-thru symbol, which is placed across the reference line from the basic weld symbol.



When a backing bar is used to achieve complete joint penetration, its symbol is placed across the reference line from the basic weld symbol. If the bar is to be removed after the weld is complete, an "R" is placed within the backing bar symbol. The backing bar symbol has the same shape as the plug or slot weld symbol, but context should always make the symbol's intention clear.
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