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2.1 Stress Vector and Stress Tensor rebiadl 8 Lawlys et Lidey . 1add lunall § sl Liwys
So far, stresses have been calculated only in bars. .a JSadl 3 LS Jomag slag¥l M Lo asls cllid (5,53

To determine stresses also in other structureswe ~ .bJSLadl § LS . n ebLIL suzxe (05148) Gotus plade § Jlaig

must generalize the concept of stress.
Consider a body loaded by single forces Fi & area forces P (Fig.a).

The external load generates internal forces.

In an imaginary cut s-s through the body the internal area

forces (stresses) are distributed over the entire area A.

In the bar these stresses are constant over the cross section they now generally vary throughout the section.

Then the stress must be defined at the arbitrary point Pof the cross section (Fig.b). The area element AA

-
containing P is su bjected to the resultant internal force AF (note: according to the law of action and reaction the

same force acts in the opposite cross section with opposite direction).

: : : . n= (bl Jlga)
The average stress in the area element is defined as the ratio AF /AA (force per area). § .
. normal stress O
. AF : )
Stress vector at point Pof the section s-s is defined by: ¢ = lim — decomposed into (=) ilac g/
AA—-0 AA shear stress T
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%
In general, the stress vector t depends on the location of point Pin the section area A.

q
The stresses also depend on the orientation of the section which is defined normal vector 71 .
It can be shown that the stress state at point P is uniquely determined by three stress vectors

F
for three sections through Z, perpendicular to each other.
Useful to choose the directions of a Cartesian coordinate system for the respective orientations. b

The three sections can most easily be visualized if we imagine them to be the surfaces

of a volume element with edge lengths dx, dy and dz at point P (Fig.c).

A stress vector acts on each of its 6 surfaces. It can be decomposed into its components

perpendicular to the section ( normal stress) and tangential to the section ( shear stress).

The shear stress subsequently can be further decomposed into its components according dz

to the coordinate directions.

To characterize the components double subscripts are used: the first subscript indicates 1,
the orientation of the section by the direction of its normal vector whereas the second

subscript indicates the direction of the stress component.

For example, T. . is ashear stress acting in a section whose normal points in)/—direction; the stress itself points in x-direction.

yXx

The notation can be simplified for the normal stresses  Oxy = Oy, Oyy = Oy, Ozz = Oz
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Using the introduced notation, the stress vectors in the sections with the normal vectors pointing in x, y , z direction,

can bewritten as: €, = 0,0 + Ty J + Ty k ty = Tyxl + 0yj + 7y,k t; = Toxl + Tzyj + 05k
Positive stresses at a positive face point
in positive directions of the coordinates. 1 Oz
T
* * * * —
Positive stresses at a negative face point -
Yz dz /2
in negative directions of the coordinates.
g - o M —
: " : Oy Ty 1 d-/2
Accordingly, positive (negative) normal dz R T |
y=z [
: : th Yy T — Y
stresses cause tension (compression) in the >y *
volume element. / CTz
xXr ¢ L-— Y/ )-J dy/ )-J d

By means of the decomposition of the three stress vectors into their components we have obtained three normal stresses

(0,, 0,0 ,) and six shear stresses (Txy, Taw Ty Ty Too T ) So nine stress components.
But shear stresses are not independent. This can be shown by formulating the equilibrium condition for the moments about
an axis parallel to the x-axis through the center of the volume element (Fig.d).
dy d
(Tyzdde) (szdde) =0= Tyz = Tzy similarly Txy = Tyx and Tyz = Tzx

Shear stresses with the same subscripts in two orthogonal sections are equal. comp/ementar)/ shear stresses
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As a final result of: There exist only six independent stress components at any point of the three dimensional body.

The components of the three stress vectors can be arranged in a matrix:
Ox Txy Txz Txy Txz
0O = Tyx Tyz‘ lTxy Tyz
TZ.'X,' O-Z
The main diagonal contains the normal stresses; the other elements are the .g/mmetr/'c shear stresses.
The quantity @ is called stress rensor (the concept rensorwill be explained). The elements of @ are the components of the
stress tensor. The stress state at a material point is uniquely defined by the stress vectors for three sections, orthogonal to
each other, and consequently by the stress tensor.
(Lt oY) Aol 238150 Bole) ciligtane LM Lo sLaYl Hadl 48 ay (Aum)ls Soal (oyan s oy Badi § sl Al sunss
Qg oL > ol Jeall liSay cdwledl sla¥ oSy Sbls e slare¥ly plulas olaidly dalsls suslg iulS 0 EDU ¥ sda e S
(1a8) wlen L] SLiSya Sl Ty, Ty, & Oy 1 bl sla] LS 0 230 23Sl SldlasWl (3) slea] SLSn Cus Adyaay soies Al s.ia
AL alSlasy) e Aatudl dddl>g sl 8550 (e pad LSl U (§ caadl LS Ty, = Tyy, Tz = Tox & Typ = Ty

gz (61 | bolas 48K § el LS, sda ol cdlazed ylel Ay liedl (Goall oz (e 45508 @pdt) pauzell § sl Ul s Lo
el blas e dlads oldlas| (A c¥gmie LM algs A Layliaely gy J) dlads (e Ll pad

2&4&31 Ul> é \.‘,'L LS g sz’fi a5 suslg ol ] 48 0 1 olunall dolall AL Q L‘J) A99 a—%‘f)—” Ul oda Locwndd slgll sl (A
Buslgll Alaaill § alaall slxsl pe S piieg gyl ) dnis

4/2/2024 https://manara.edu.sy/ 7




	Slide 1
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7

