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Flexure beams and slabs (rectangular cross-section) Ref. EN 1992-1-1
— Doubly reinforced section — Sec. 3.1.7(3)
Exp. (3.19) — (3.21)
Sec. 5.5

Geometry cross-section
Rectangular shape:
Width b = 350 mm
Height h = 300 mm

Analysis
Design moment: Mgg1 = 150,00 KNm
Design shear (for additional tensile force only): Vgq = 250 kKN
O AMgg = AFiq Z = 0.5Veq(cotd — cota) z = 63,98 kKNm Sec. 6.2.3(7) - Eq. 6.18

Design moment (additional tensile force due to shear):
Meg = Meg1 + AMgg = 213,98 KNm Exp. (6.18) applied
(assuming — 20% moment redistribution: & = 0,80).

Materials — characteristic/design strengths
Concrete

Table 3.1
Strength class for concrete: avle

fy = 35 N/mm? = 35 MPa
fog = tocfolve = 0,854 /1,50 = 19,83 N/mm?

Steel
Strength of reinforcement (Class B, C):

f = 500 N/mm? = 500 MPa Table C.1 - Annex C

@ f,a = fulys = fud1,15 = 0,87f, = 435 N/mm? = constant
Es = 200 GPa; f,4/Es = 0,002174 [-]. Cl. 3.2.7(2) b)

Beam lever arm
For grades of concrete up to C50/60, g3 = 3,5/1000, =1, 1 =0,8.
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Durability and cover to reinforcement
Nominal cover:
Cnom = Cmin * ACgey = 25 mm

Maximum size of aggregate: dg = 20 mm

Effective depth:

d = h — Cnrom — Piink — 0,5¢vert,1 = (300 — 25 — Piink — 0,5¢vert,1) = 227,5 mm
where:

diink is the diameter of the shear reinforcement

dvert,1 €quivalent vertical dimension (MS tensile bars in N > 1 layers).

Depth to centroid of compressive reinforcement from compression fiber:
d2 =46 mm = Chom- * ¢Iink + Oa5¢vert,2-

Linear elastic analysis with limited redistribution
Ratio of the redistributed moment to the elastic bending moment:
8 =0,80 > kq + kyx,/d (for fo < 50 MPa)

5=0,80>0,4 +[1(0,6 + 0,0014/e¢2)]x,/d (for fx < 50 MPa)
6 =0,80 > ks = 0,7 (for reinforcement Class B and C).

With &2 = 3,5/1000 (for fo < 50 MPa):
x,/d = 0,400 (for linear elastic analysis with limited redistribution)
K =0,453-(1 - 0,4-x,/d) x,/d = 0,152.

Compressive steel

dz; =46 mm < x, = 91 mm (satisfactory).
Y2 = dz/d = 0,202 [-]

Let

(¢} 2 e i _ .
=—232__ within the range (0; 1 = 0,87f, for a»):
Ol 0,87fyk g ( ] (032 yk (12)

E. 0,0035

0L52 = . .
0,87, x,/d

0,0035 _ 0,0035-0,87f, /E,

X, /d Y2jim.el

(x,/d=y,) <1,00 — a5 =0,80 []

= Yolimel = 0,152 [-]
Os2 = 0520,87f = 346 MPa (compressed steel not yielded: y2 > Y2 im.el)-

Flexural design

K = Meq/(bd?*f,) = 0,338 > K’ = 0,152
(provide compression reinforcement).
For d > 0,8x,:

4 Review by: ??

Exp. (4.1)

Cl. 8.2(2) — Note

Figure 5.5 (modified)

Sec. 5.5

Exp. (5.10a)

Table 3.1

From the proportion of

the strain distribution
diagram.
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using K’ instead of K:

z/d = 0,5[1 + (1 — 3,529-K’)°%] = 0,840 (z/d limited to a max of 0,95):

z=0,840d = 191,1 mm (beam lever arm)

Area of the compression reinforcement required
As; = (K — K)fgbd¥/[osy(d — dy)] = 1870 mm?
» [Try 5H22 x 1 layers. Single layer with: H22 @ 65 mm)]

Percentage area of the compression reinforcement provided
ps2 = 100-Ago/(bd) = 2,39% < 4bh/100 (satisfactory) = Ag max

Area of tension reinforcement required

With z = 191,1 mm < 0,95d

A = K'fybd?/(0,87Fz) + (K — K)f4bd?/[0,87f,(d — d2)] = 2649 mm?
As 2 A min (satisfactory)

» [Try 3H25 x 2 layers. Single layer with: H25 @ 128 mm)]

Percentage area of the tensile reinforcement provided
ps = 100-A¢/(bd) = 3,70% < 4bh/100 (satisfactory) = As max-
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Cl.9.2.1.1 — Note

Cl. 9.2.1.1(3) — Note

Cl. 9.2.1.1 — Exp. (9.1N)

Cl.9.2.1.1(3) — Note
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