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ΑΝΑΛΥΣΗ ΚΑΙ ΔΙΑΣΤΑΣΙΟΛΟΓΗΣΗ ΠΕΤΑΣΜΑΤΟΣ ΕΚΤΟΞΕΥΟΜΕΝΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ 

 

Ο έλεγχος αφορά το πέτασμα από εκτοξευόμενο σκυρόδεμα (C20/25) μεταξύ των πασσάλων της 

αντιστήριξης. Το στατικό ανάλογο του πετάσματος αυτού είναι μία αμφιέρειστη δοκός που 

φορτίζεται με ένα ομοιόμορφο φορτίο, p, και άρα υπόκειται σε κάμψη. Οι ωθήσεις στο πέτασμα 

υπολογίζονται σύμφωνα με τη σχέση: 

p = 0.60 x γG x eh 

όπου eh η ισοδύναμη ομοιόμορφη πλευρική ώθηση γαιών που ισοσταθμίζει την τραπεζοειδή 

κατανομή πίσω από το πέτασμα των πασσάλων. 

 

Ως δυσμενέστερη, λαμβάνεται η κατανομή των ωθήσεων της τομής 5α: 

 

 

Η συνολική δύναμη υπολογίζεται ως εξής: 

Για βάθος από 0 έως 5.6:   0.5 x 5.60 x 25 = 70 kN/m 

Για βάθος από 5.6 έως 10.12:   (35 + 60) x (10.12 - 5.60) x 0.5 = 214.7 kN/m 

 

Συνολικά λοιπόν προκύπτει 70 + 214.7 = 284.70 kN/m, άρα eh = 284.70 / 10.12 = 28.13kN/m και  

p = 0.60 x 1.35 x 28.13 = 22.79 kN/m 

  

60 kPa 

35 kPa 

25 kPa 



Επιλύοντας το μανδύα μεταξύ των πασσάλων ως αμφιαρθρωτή δοκό μήκους 1.69m, έχουμε: 

M max = q x ℓ2 / 8 = 22.79 x 1.692 / 8 = 8.14 kNm/m 

 

 

Διατομή συμπαγούς πλάκας σε κάμψη 

(EC2 EN1992-1-1:2004, EC0 EN1990:2002, +NA-ELOT:2010) 

       

h=0.100 m,  Med=8.14 kNm 

 

Υπολογισμοί οπλισμένου σκυροδέματος 

Σκυρόδεμα-Χάλυβας       : C20/25-B500C           (EC2 §3) 

Κατηγορία περιβάλλοντος :  XC1                (EC2 §4.4.1) 

Επικάλυψη οπλισμού      : Cnom=15 mm         (EC2 §4.4.1) 

γc=1.50, γs=1.15                         (EC2 Πινακας 2.1N) 

fcd=αcc·fck/γc=0.85x20/1.50=11.33 MPa        (EC2 §3.1.6) 

fctd=αct·fctk0.05/γc=0.85x1.5/1.50=0.85 MPa  (EC2 §3.1.6) 

fyd=fyk/γs=500/1.15=435 MPa                   (EC2 §3.2.7) 

 

Διαστάσεις, φορτία 

Πάχος πλάκας h=0.100 m,  Ροπή κάμψης Med=8.14kNm 

Ωφέλιμο ύψος διατομής d=h-d1, d1=Cnom+Ø/2=15+8/2=19mm, d=100-19=81mm 

Διαστασιολόγηση έναντι αστοχίας σε κάμψη (ULS) (EC2 EN1992-1-1:2004, §6.1, §9.3.1) 

       

Διαστασιολόγηση έναντι αστοχίας σε κάμψη:  

Med= 8.14kNm/m, d= 81mm, Kd= 2.84 x/d=0.14 εc2/εs1=-3.4/20.0 ks=2.45, As= 2.46cm²/m 

Ελάχιστος οπλισμός πλάκας, As>=0.0013bd =1.05cm²/m, s<=3.0h, s'<=3.5h (EC2 §9.3.1) 

ελάχιστος οπλισμός  κύριος οπλισμός Ø 8/25.0  ( 2.01cm²/m), δευτερεύων Ø 8/30.0  ( 1.68cm²/m)  

       

Οπλισμός πλάκας κύριος οπλισμός 2.49cm²/m = 2T131  
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      *. PROJECT     :  
      *. MEMBER NO   =      1,  ELEMENT TYPE = Beam 
      *. LOADCOMB NO =      1,  MATERIAL NO  =     1,  SECTION NO =     1 
      *. UNIT SYSTEM : kN, m 
 
      *. SECTION PROPERTIES : Designation = 2UPN240 
         Shape     = 2C - Section. (Built-up) 
         Depth     =      0.240,  Flg Width   =      0.085,  BTB Spacing =      0.140 
         Web Thick =      0.009,  Flg Thick   =      0.013 
 
         Area = 8.48600e-003,  Avy  = 4.42000e-003,  Avz  = 4.56000e-003 
         Ybar = 1.55000e-001,  Zbar = 1.20000e-001,  Qyb  = 1.89263e-002,  Qzb  = 3.61250e-003 
         Wely = 6.04325e-004,  Welz = 5.24848e-004,  Wply = 7.19201e-004,  Wplz = 8.01184e-004 
         Iyy  = 7.25190e-005,  Izz  = 8.13514e-005,  Iyz  = 0.00000e+000 
         iy   = 9.24431e-002,  iz   = 9.79109e-002 
         J    = 3.64828e-007,  Cwp  = 5.10278e-008 
 
      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 
         Ly   = 1.00000e-001,  Lz   = 1.00000e-001,  Lb   = 1.00000e-001 
         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 
 
      *. MATERIAL PROPERTIES : 
         Fy   = 2.75000e+005,  Es   = 2.10000e+008,  MATERIAL NAME  = S275 
 
 
      *. FORCES AND MOMENTS AT (I) POINT : 
         Axial Force      Fxx = 0.00000e+000 
         Shear Forces     Fyy = 0.00000e+000,  Fzz = 0.00000e+000 
         Bending Moments  My  = 1.97780e+002,  Mz  = 0.00000e+000 
         End Moments      Myi = 1.97780e+002,  Myj = 1.97780e+002  (for Lb) 
                          Myi = 1.97780e+002,  Myj = 1.97780e+002  (for Ly) 
                          Mzi = 0.00000e+000,  Mzj = 0.00000e+000  (for Lz) 
 
      *. Sign conventions for stress and axial force. 
         - Stress : Compression positive. 
         - Axial force: Tension positive. 
 
 
====================================================================================== 
   [[[*]]]   CLASSIFY LEFT-TOP FLANGE OF SECTION (BTR). 
====================================================================================== 
 
      ( ). Determine classification of compression outstand flanges. 
           [ Eurocode3:05 Table 5.2 (Sheet 2 of 3), EN 1993-1-5 ] 
           -. e      = SQRT( 235/fy )  =    0.92 
           -. b/t    = BTR =    5.81 
           -. sigma1 =  327274.211 KPa. 
           -. sigma2 =  327274.211 KPa. 
           -. BTR < 9*e  ( Class 1 : Plastic ). 
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====================================================================================== 
   [[[*]]]   CLASSIFY RIGHT-TOP FLANGE OF SECTION (BTR). 
====================================================================================== 
 
      ( ). Determine classification of compression outstand flanges. 
           [ Eurocode3:05 Table 5.2 (Sheet 2 of 3), EN 1993-1-5 ] 
           -. e      = SQRT( 235/fy )  =    0.92 
           -. b/t    = BTR =    5.81 
           -. sigma1 =  327274.211 KPa. 
           -. sigma2 =  327274.211 KPa. 
           -. BTR < 9*e  ( Class 1 : Plastic ). 
 
====================================================================================== 
   [[[*]]]   CLASSIFY LEFT-BOTTOM FLANGE OF SECTION (BTR). 
====================================================================================== 
 
      ( ). Determine classification of tension outstand flanges. 
           -. Not Checking the Section Classification. 
 
====================================================================================== 
   [[[*]]]   CLASSIFY RIGHT-BOTTOM FLANGE OF SECTION (BTR). 
====================================================================================== 
 
      ( ). Determine classification of tension outstand flanges. 
           -. Not Checking the Section Classification. 
 
====================================================================================== 
   [[[*]]]   CLASSIFY LEFT WEB OF SECTION (HTR). 
====================================================================================== 
 
      ( ). Determine classification of bending Internal Parts. 
           [ Eurocode3:05 Table 5.2 (Sheet 1 of 3), EN 1993-1-5 ] 
           -. e      = SQRT( 235/fy )  =    0.92 
           -. d/t    = HTR =   22.53 
           -. sigma1 =  291819.504 KPa. 
           -. sigma2 = -291819.504 KPa. 
           -. HTR < 72*e  ( Class 1 : Plastic ). 
 
====================================================================================== 
   [[[*]]]   CLASSIFY RIGHT WEB OF SECTION (HTR). 
====================================================================================== 
 
      ( ). Determine classification of bending Internal Parts. 
           [ Eurocode3:05 Table 5.2 (Sheet 1 of 3), EN 1993-1-5 ] 
           -. e      = SQRT( 235/fy )  =    0.92 
           -. d/t    = HTR =   22.53 
           -. sigma1 =  291819.504 KPa. 
           -. sigma2 = -291819.504 KPa. 
           -. HTR < 72*e  ( Class 1 : Plastic ). 
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====================================================================================== 
   [[[*]]]   APPLIED FACTORS. 
====================================================================================== 
 
      ( ). Partial Factors (Gamma_Mi). 
           [ Eurocode3:05 6.1 ] 
           -. Gamma_M0 =  1.00 
           -. Gamma_M1 =  1.00 
           -. Gamma_M2 =  1.25 
 
====================================================================================== 
   [[[*]]]   CHECK AXIAL RESISTANCE. 
====================================================================================== 
 
      ( ). Check slenderness ratio of axial tension member (l/i). 
           [ Eurocode3:05  6.3.1 ] 
           -. l/i  =     1.1  <   300.0  --->  O.K. 
 
      ( ). Calculate parameters for combined resistance. 
           -. Lambda1   = Pi * SQRT(Es/fy)   =  86.815 
           -. Lambda_bz = (KLz/iz) / Lambda1 =   0.012 
 
      ( ). Calculate axial tensile resistance (Nt_Rd). 
         [ Eurocode3:05  6.2.3 ] 
           -. Nt_Rd  = fy * Area / Gamma_M0 =       2333.65 kN. 
 
      ( ). Check ratio of axial resistance (N_Ed/Nt_Rd). 
               N_Ed               0.00 
           -. -----  =  ---------------  =  0.000  <  1.000  --->  O.K. 
              Nt_Rd            2333.65 
 
====================================================================================== 
   [[[*]]]   CHECK SHEAR RESISTANCE. 
====================================================================================== 
 
      ( ). Calculate shear area. 
           [ Eurocode3:05  6.2.6, EN1993-1-5:04 5.1 NOTE 2 ] 
           -. Avy   = 4*B*tf =        0.0044 m^2. 
           -. Avz   = 2*h*tw =        0.0046 m^2. 
 
      ( ). Calculate plastic shear resistance in local-z direction (Vpl_Rdz). 
           [ Eurocode3:05  6.1, 6.2.6 ] 
           -. Vpl_Rdz = [ Avz*fy/SQRT(3) ] / Gamma_M0 =        724.00 kN. 
 
      ( ). Shear Buckling Check. 
           [ Eurocode3:05 6.2.6 ] 
           -. HTR < 72*e/Eta   --->  No need to check! 
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      ( ). Check ratio of shear resistance (V_Edz/Vpl_Rdz). 
           ( LCB =    2, POS =    J ) 
           -. Applied shear force : V_Edz   =        723.00 kN. 
               V_Edz             723.00 
           -. -------  =  ---------------  =  0.999  <  1.000  --->  O.K. 
              Vpl_Rdz            724.00 
 
====================================================================================== 
   [[[*]]]   CHECK BENDING MOMENT RESISTANCE ABOUT MAJOR AXIS. 
====================================================================================== 
 
      ( ). Calculate plastic resistance moment about major axis. 
           [ Eurocode3:05  6.1, 6.2.5 ] 
           -. Wply     =        0.0007 m^3. 
           -. Mc_Rdy   = Wply * fy / Gamma_M0 =        197.78 kN-m. 
 
      ( ). Check ratio of moment resistance (M_Edy/Mc_Rdy). 
               M_Edy             197.78 
           -. ------  =  ---------------  =  1.000  <  1.000  --->  O.K. 
              Mc_Rdy             197.78 
 
====================================================================================== 
   [[[*]]]   CHECK BENDING MOMENT RESISTANCE ABOUT MINOR AXIS. 
====================================================================================== 
 
      ( ). Calculate plastic resistance moment about minor axis. 
           [ Eurocode3:05  6.1, 6.2.5 ] 
           -. Wplz     =        0.0008 m^3. 
           -. Mc_Rdz   = Wplz * fy / Gamma_M0 =        220.33 kN-m. 
 
      ( ). Check ratio of moment resistance (M_Edz/Mc_Rdz). 
              M_Edz                0.00 
           -. ------  =  ---------------  =  0.000  <  1.000  --->  O.K. 
              Mc_Rdz             220.33 
 
====================================================================================== 
   [[[*]]]   CHECK INTERACTION OF COMBINED RESISTANCE. 
====================================================================================== 
 
      ( ). Calculate Major reduced design resistance of bending and shear. 
           [ Eurocode3:05  6.2.8 (6.30) ] 
           -. In case of V_Edz / Vpl_Rdz < 0.5 
           -. My_Rd = Mc_Rdy =        197.78 kN-m. 
 
      ( ). Calculate Minor reduced design resistance of bending and shear. 
           [ Eurocode3:05  6.2.8 (6.30) ] 
           -. In case of V_Edy / Vpl_Rdy < 0.5 
           -. Mz_Rd = Mc_Rdz =        220.33 kN-m. 
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      ( ). Check general interaction ratio. 
           [ Eurocode3:05  6.2.1 (6.2) ] - Class1 or Class2 
                        N_Ed     M_Edy     M_Edz 
           -. Rmax1  = ------ + ------- + ------- 
                        N_Rd     My_Rd     Mz_Rd 
                     =  1.000  <  1.000  --->  O.K. 
 
      ( ). Check interaction ratio of bending and axial force member. 
           [ Eurocode3:05  6.2.9 (6.31 ~ 6.41) ] - Class1 or Class2 
           -. n      = N_Ed / Npl_Rd   =  0.000 
           -. a      = MIN[ (Area-2b*tf)/Area, 0.5 ] =  0.500 
           -. Alpha  =  2.000 
           -. Beta   = MAX[ 5*n, 1.0 ] =  1.000 
 
           -. N_Ed < 0.25*Npl_Rd           =        583.41 kN. 
           -. N_Ed < 0.5*hw*tw*fy/Gamma_M0 =        279.54 kN. 
              Therefore, No allowance for the effect of axial force. 
           -. Mny_Rd = Mply_Rd        =        197.78 kN-m. 
           -. Rmaxy  = M_Edy / Mny_Rd =  1.000  <  1.000  --->  O.K. 
 
           -. N_Ed < hw*tw*fy/Gamma_M0 =        765.05 kN. 
              Therefore, No allowance for the effect of axial force. 
           -. Mnz_Rd = Mplz_Rd        =         220.33 kN-m. 
           -. Rmaxz  = M_Edz / Mnz_Rd =  0.000  <  1.000  --->  O.K. 
 
           -. Rmax2  = MAX[ Rmaxy, Rmaxz ] =  1.000  <  1.000  --->  O.K. 
 
           -. Rmax   = MAX[ Rmax1, Rmax2 ] =  1.000  <  1.000  --->  O.K. 
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