7. BENT ELEMENTS

BENT ELEMENT
e LINEAR: JOIST / BEAM / GIRDER (US)
* SLAB
WIKIPEDIA CAMBRIDGE DICTIONARY BBC DICTIONARY OXFORD DICTIONARY
Joist Horizontal supporting A long thick piece of wood, Long, thick piece of wood, A length of timber or steel
SE members that run from wall | steel or concrete which is metal or concrete that is supporting part of the
grinda | to wall, wall to beam, or used in a buildings to used in buildings or other structure of a building,
beam to beam to support a support a floor or ceiling structures, especially to typically arranged in parallel
ceiling, roof or floor support a floor or ceiling series to support a floor or
ceiling
Beam | Structural element that is A long thick piece of wood, Long thick bar of wood, Long, sturdy piece of
SE capable of withstanding load | metal or concrete, especially | metal or concrete, especially | squared timber or metal
grinda | primarily by resisting used to support weight in a one which is used to support | used to support the roof or
bending building or other structure the roof of a building floor of a building
Girder | The main horizontal support | A long thick piece of steel or | Long thick piece of steel or Large iron or steel beam or
ME of a structure which concrete, etc. which support | iron thatis used in the compound structure used
rigla supports smaller beams a roof, floor, bridges or frameworks of building and for building bridges and the

other large structure

bridges

framework of large buildings

SE - secondary element
ME - main element




7. BENT ELEMENTS

BEAM
¢>3h; usual //h=8...10

STATIC ANALISYS — Mgy, N¢y, Vegq
M, & Ny — BENDING WITH AXIAL FORCE
SR EN 1998 & P100: N.,< 0,1A f_, — axial force may be neglected

c'cd

SLAB
m|n = 5hslab



7. BENT ELEMENTS

7.1. SIMPLE REINFORCED RECTANGULAR SECTION
7.2. DOUBLE REINFORCED RECTANGULAR SECTION
7.3. SIMPLE REINFORCED FLANGED SECTION

7.4. DOUBLE REINFORCED FLANGED SECTION



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

7.1.1. SECTION ANALISYS

Ecy = 3.3 P00 f.q
[ ;ﬂ:ih{
—-,. L. o
Fe
4 BTy = s LA
h Zz=d-—0.4x
d_'!'_ ¥
L it
f < b A Strain diagram Stress diagram
- stress block -
F& :Aﬂf‘_-’d
F.=0,8bx {4

d — useful depth
z — internal lever arm



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

EQUILIBRIUM CONDITIONS WILL BE ACHIVED
BY THE EQULISATION OF THE ACTION EFFECTS
WITH THE RESISTING INTERNAL FORCES

SF=0 o

M =0 i ég_-
C :

Mea
A

Bending moment can be related to any axis L apwe e
as for instance to the A, axis or to the F_ axis "': b




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

2F=0
FC - FS — O’8beCd — ASfyd
At v X & AEf:ﬂ
x=125 ¥ with é=— — §=125 -
R ) d bdf_4
A, f f
§=125-—>- = ::LZSPLd with p = As/bd - reinforcement ratio
bd f f g
¢, — relative value of neutral axis depth
fyg
0= pf— - mechanical ratio of reinforcement
cd

£=1250 — =08



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

fn: d

2.M = 0 - related to the A, axis - I % Ol
0K L
}'"IIEﬂ = ].'_',: Z F.
z=d-05(08x)=d-04x Mﬂdt z=d-0,4x
Mgy = 08bxf.y(d—0.4x) K, |
with x = E—'d Stress diagram

MEg4=0.8b(2d)f,4[d-0.4(2d) | =bdf 40.82(1-0.4¢)

with M=D=SE_[1—D=4'F,___]; but using £=1250 — u=00(1—0,50))

2
(*) Mgg=ubd'iy

Mg




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

2.M = 0 - related to the A. axis Ol

0 SKI ; -
Mgy =Fz g
Mgz =A f4(d—0.4x] o l
Mgy =A f 4(d-042d)=A_f ,d(1-04¢&) a

Stress diagram

Ful -
ith C=—=1-0,4
with 3 a

already knowing & =1,25wm

C =1-0,50 — relative value of the lever arm

Mgg




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

In conclusion, one of the following relationships may
be used for resisting bending moment calculation

MRd = Hbdzfcd
M Rrd :Asfyd Cd

WAYS TO INCREASE RESISTING BENDING MOMENT

h |hA2h 100% same asd A =110% 110%
P |1% A2% 100% (60...80%)
f.q | PC52 72 PC60 45% 37%
fy |20 MPa 240 MPa 100% 6%
b |b722b 100% 6%




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

ALL PREVIOUS COEFFICIENTS ARE RELATED BETWEEN
THEM BY p, f 4 & f.,

TWO TYPES OF TABLES MAY BE USED FOR CALCULATIONS:

Table @: any type of steel & concrete with f,, <50 MPa

Table @: steel PC52, PC60, S400, S500 & concrete with f, <50 MPa



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Calculation of bant slement: with rectangulsr of flangad 2action
foe = 50 AMPa & anv stesl

@ Formmlas
Table @ -:-.!:I-PE. 0,051 -:Ea-t
0,06 0,062 0,077
0.07 0,073 0,091
0,08 0,083 0,104 Mg,
0,09 0,054 0,118 n= m
0,10 0,106 0,132 o
o1 0117 0,146
0,12 0,128 0,160 A
0,13 0,140 0,175 ) =
0,14 0,151 0,185 bdf
0,15 0,163 0,204 .
0,16 0,175 0,215 G
017 0,188 0,234 A =ﬂbdf
0,18 0,200 0,250 ¥d
0,13 0,213 0,266
0,20 0,225 0,262 T 2
0.21 0,238 0,258 Mpg =ubdfyy
0,22 0,252 0,315
0,23 0,265 0,331
0,24 0,275 0,345
0,25 0,253 0,366
0,26 0,307 0,384
0,27 0,322 0,402
0,28 0,337 0,421
0,23 0,352 0,440
0,30 0,368 0,455
2,3 0,384 0,479
0,32 0,400 0,500
fimit 0,33 0,417 0,521
values 0,24 0,434 0,543
for 0,35 0,452 0,565
stesl 0,36 0,471 0,585
5500 | 0,372 0,450 0,617
5400 | 0,392 0,53 0.668
PCED | 0,395 0,553 0,676
PC52 |  0.407 0,563 0,710 11




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Table @a

Zalcnlation of bent elements with rectanzular or flanzed saction

Czlonlation of bent elements writh sectanznlar of flanged section

Table @b

PC32 & f..= 50 MPs P60 & . 250 MPa
:Fg.-'d = 3ML.E?1; B =0, 710 f!=- =350 MPa; & o = 0,676
M A fa D . Ty W Sl N O T 4
U= —E; m=——2—; A, =obd = =—1bd; My, =ubdf, oAkl T R T T e et
bdTiy bdf, fot: 1000 . | c] cw® | c20 [ c2s [ cw0 | ¢35 [ can | cas | cw
i E; Ci2 | c16 | c20 | c35 | 30 | Cs5 | cao | cas | om0 K < 5 TEinforCEment percentag p = 100AA
a & feinfoscsment percantass E= 10, e 007 | W00 | 003 | O3 0037 [ 0038 [ 005 [ o005 | 0067 | O077 | 905 | 0,05 |
[TiF] 0020 [ o025 |[oo058 [ o072 [ oos0 | o112 | 435 [ 4157 | 0180 [ 0202 | 0224 0,02 Q020 | 0025 |( 0085 | 0052 | 0007 | 00% | 0115 | 0135 | 01548 | 9173 | 0,192
004 | 0081 | 0051 || 0.109 | 0,145 | 0151 | 0227 | 0272 | 0.518 | 0963 | 0808 | o454 | [ 003 | 0030 [ A0S |[00] 0853 | 0116 | 01 [ 017 [ 033 | 022 | 0361 [ 0390
005 | 0067 | 0477 || 0165 | .20 | 0075 | 384 | 0413 | 0482 | 0SS0 | 061 | 8B | etgerTapr (oo [aie Tosa [ oar Toaa oo e
008 | 0085 | 0.108 || 0.225 | 0257 | 0971 | 0484 | 0.557 | 0543 | 0.743 | 0.835 | 0333 006 | 0062 | 0077 || 0142 | 0188 | 02% | 020 | 0358 | 0213 | 0402 | 053l | 0590
010 ) 4108 | 0452 || 0287 | 0575 | Q463 | 0567 | Omde | 08X | QAR | 108 | LTS | o | oos | oo | i | 0 | e | 0as | oA | 0EE | oe= | neE | i
011 017 | 0146 || 0512 | 0415 | 0515 | 0549 | 0773 | 0505 | 1058 | 1168 | 1,258 0,08 0083 | o104 ] 0191 0258 | 93196 | 0398 | 04 | 055 | 0836 | 0716 | 0735
012 0128 | 0160 || 05342 | 0456 | 0570 | 0712 | 0855 | 0557 | 1,140 | 1282 | 14325 [ilic] am8d | 0118 || 0216 | 0255 | 0360 | 0450 | 0580 | 0530 | 0720 | 0810 | 0900
013 | 040 | 0475 || 0575 | 0457 | e | 0776 | 0957 | 1087 | 1242 | 1398 | 1553 G0 | 006 | 005 || 0241 | 03 | 0502 | 0503 | 0500 | 0004 | 0504 | 0905 | 1005
0,14 0151 iz 0204 | 055 0E7S 0,542 1010 1178 1,548 1515 1,883 a1n Q117 01485 || 0267 | 0355 | Q445 -3{!-55 0,555 a7 0530 | 1,00 1,113
B R e v | ooE | e | oar | aoec| v | s | s || SR | | aae [ ao | Gow | aue | o | [
016 | 0.175 | 0213 } 0468 | 0634 | 0.773 | 0974 | 1.169 | 1564 | 1,359 | 1.754 | 1.349 014 | 051 | 0498 || 035 | 042 | 9577 | 0721 | 0866 | 1010 | 1,152 | 1.298 | 12533
017 | 0156 | 0234 | 0500 | Q557 | 0834 | 1042 | 1251 | 1459 | 1688 | 1875 | OBL | e [ hies | oo0e || 03| 00 | 05= | 0008 | 0Em | 1mE | 12 [ 1M | 15:
018 | 0200 | 0250 || 0555 | 071 | 0883 | 141 | 1355 | 1558 | LTTE | A0OD | 23N | g [ oams | oo || o1 | 0ae | o5 | oA | ieE | 0m | 15E | 15 | 1T
013 | o3 | o2ss || o567 | 0756 | 0545 | 1480 | 1417 | 1854 | d8m0 | 2126 | 2ssr G017 | 0188 | 0298 || 043 | 052 | 0.5 | 083 | 102 | 1251 | 1.3 | 1408 | 1.87
020 | ozes | o282 || osod | oB01 | 102 | 1252 | 1505 | 1755 | 2004 | 2254 | 2S04 0.5 | 0200 | 0250 || 0457 | 0510 | 0ra2 | 035 | 1983 | 1333 | 1528 | 1.2 | 1905
021 | 0255 | 0296 || 055 | 0328 | 1050 | 1535 | 1589 | 1,558 | 2119 | 2502 | 2589 0.9 | 0213 | 0.9 || 0456 | 0548 | 0410 | 1,012 | 1.215 | 1,807 | 1500 | 14822 | 2025
e oS | o6n | oess | 19 | wsse | 16 | 1es | 22 | 2sw [ ayes| RS P O-S ) AR | OS] Q6 | 089 | 08 | LA P10 | LTI | 19 ] AT
055 |0zs |asst |[aror | ases | .06 | 14 | 17es | 208 | aser | agw | 29 | | so 4o rne st e i e e e [
028 | 0273 | 0589 || 0744 | 0352 | 1.240 | 1.549 | 1.853 | 2169 | 2479 | 2783 | 3053 033 | 035 | 059 || 05% | 05 | 010 | 103 | 1515 [ 178 | 200 | 225 | 255
025 | 0235 | 058 || OFe1 | 1041 | 1802 | 1837 | 1855 | 2078 | 2600 | 233 | 33N | Tozs [ ozm | 058 || oae | 05 | T | 1A | 15 | 1EE | A= | 25 | 2
026 | 0507 | 0564 || 0819 | 1082 | 1365 | 1707 | 2048 | 2389 | 2730 | 3072 | 3413 025 | 0293 | 0256 || 0559 | 0833 | 1116 | 1995 | 1a72 | 1953 | 2222 | 2511 | 45
027 | .52 | 0402 || 0856 | 1128 | 1.430 | 1,766 | 2945 | 2505 | 25660 | 5.218 | 5575 025 | 0307 | 0398 || 0702 | 0835 | 1070 | 1453 | 1755 | 20& | 2390 | 2653 | 2485
028 | 0357 | 0421 || 0838 | 1057 | 1,496 | 1,570 | 2245 | 2613 | 2533 | 3387 | 3741 027 | 0322 | 0.802 || 0735 | 0881 | 128 | 15% | 150 | 214 | 252 | 2758 | 30058
U256 | 0337 | 0.2 || a7 | 1085 | 1253 | 1603 | 1024 | 2285 | 2565 | 2496 | 3008
E i‘ﬁ ﬁ g:ﬁ 1ﬁ; }g ;‘E i‘;‘: ﬂg gg gg;g AR 023 | 0352 | 0,840 || 0508 | 1073 | 1341 | 1576 | 2011 | 238 | 2561 | 3017 | aa52
a5 | 0sse | o oz | e [ 10as | 215 | 2557 | 2588 | 5es | sa 030 | 0368 | 0.80 || 0590 | 1020 | 1800 | 1050 | 2000 | & 2500 | 3150 | 3500
3 3 : 031 | 0382 | 049 || 0877 | 1088 | 1551 | 1556 | 212 | 2557 | 292 | 32 | 3553
052 | 0400 | 0500 || 1,067 | 1422 | 1778 | 2223 | 2857 | 3111 | 3556 | 4000 032 | 0400 | 0500 || 0918 | 1219 | 1522 | 1905 | 2256 | 2567 | 304 | 3429 | 3410
033 0417 | 054 || 1112 | 1882 | 1855 | 2316 | 2773 | 325 | 3006 033 | 087 | o=21 || 0953 | 1271 | 1555 | 1885 | 233 | 279 | 37 | 35v3 | 39n
054 04 | 058 (11158 | 1544 | 1530 | 2413 | 2835 | 3378 | 3861 032 | 0238 | 0543 || 0993 | 1324 | 1655 | 2068 | 2482 | 2 330 | 373
035 | 0452 | o585 || 1208 | 1808 | 20w | 2515 | s015 | 3518 05 | 0452 | 0555 || 1058 | 1503 | 1023 | 2458 | 2552 | 3015 | 348 | 347
058 0.4 0,589 1 258 1,674 2085 3B18 ERED) 5662 0,36 0471 0553 1006 | 1,£35 1,794 | 2242 253 3139 55T
S5 oo [ase (i i (2 | 2 [ sar e B s e e o
- 4 i 18 100 S s i A
AN e A LSE0 | LB | 2267 | 4B | 300 | RA6T 0335 | 0553 | 055 || 123 | 1551 | 2058 | 2550 | 20 | 3512
033 0551 0554 || 1416 | 1,BB8 | 2360 | 2350 | 358
0,40 0555 | 059 1474 | 1965 | 2457 | 30m1 5585
| 0807 | 0565 | o710 |[ 1517 | 2027 | 2598 | 3160 | a79d



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Table @c

Calenlation of bent clements with recrangnlar or fangsd section

Calcnlztion of bent elements with recfanznlar or flanged section

Table @d

5400 & £..= 50 MPa 5500 & f.. = 50 MPs
£, =34BMPa; & 0,668 £5 =435 MPa: % =0.668
it i . e M A " s _ P, oI
u= _IEF S m= ‘l:l‘: - _5_1 =:]bﬂrj=1p bﬂ-:‘IR.: =!_|_b.c_'::d u= .:Elj = .; W ="""I:l{'.‘.:—=_\Il_\I b‘.’.‘.,:‘lim =ubd I
bdf, bdf_, foa 100 bd*f, bdf_, f,q 100
- . [ C1Z | cw | ca | c25 | c30 | €35 | ca | 45 | co0 . - ; c12 | cie | cao | cas | cw | c35 | ca [ ca5 | cw
3 - = fEInTafCament percantas: p = 100A,/040 N TEOINTCEmean] panteniags p = 1004, ]
002 | 0020 | o025 || 0085 | 0082 | 0077 | 0097 | 0,116 | 0136 | 0155 | Q174 | 0,194 002 | Q030 | 0425 || 0037 | 0050 | 0082 | o7 | Q083 [ 0405 | 0424 | 0139 | Q155
[l 030 | oo38 || agro | 003 | o117 | @145 | 0175 | 0208 | 0232 | 0263 | oz 0,03 003 | 0038 || 9025 | Q075 | 0093 | 9117 | 0440 | Q463 | 01867 | 020 | 9234
00f | apdl | 005 || 0098 | 0325 | 0157 | 0196 | 0235 | 0274 | 0313 | 035 | o3 004 | Q041 [ 0051 || 0075 | 0400 | 9425 | 9457 | Q488 [ 0219 | 0250 | 0282 | 0313
005 | opos1 | opss || o118 | oisr | o197 | 0285 | 0295 | o328 | 0393 | 0243 | osaz 003 | 0051 | 0088 || 0098 | 0126 | 9157 | Q1597 | 0236 | 0275 | 0315 | 0354 | 0333
0ps | ops2 | ooeF || 01&2 | o0 | o237 | 0297 | 0356 | 0415 | 0475 | 0534 | 0533 005 | 0052 | Q07T || 9114 -3.1? 0190 | 9237 | 0285 | 0332 | @ 352 Q47 | 0475
007 | 9073 | o || 0967 | 0223 | 0278 | 0348 | 0418 | 0887 | 0557 | 047 | 059 007 | 0073 | 00 || 0134 | 0476 | 0223 | 075 | 033L | 0330 | 0485 | 0501 [ 0557
0,08 0,053 o108 || o192 | 025 | 030 0800 | 080 | o580 | 0540 07X | 0800 Q08 0083 0104 | 0,154 | 0205 | 0256 032 | 0388 | 0488 | Q512 4575 | 4580
003 | opes | ana| o7 | 0290 | o352 | 0453 | o588 | os32 | oy2a | o5 | oseos 003 | Q8d | 0118 || @74 | 0232 | 0490 | 0352 | 0435 | 0507 | 0579 | 0652 | 074
0,13 0105 oI || 0283 0328 | 0805 0505 a6a7 0708 | 0Em 091 102 0,10 Q105 0132 || 9,194 | 4025 0,324 0805 | 0486 | 0557 | 0648 Q728 | 0508
a11 | 0117 | 0145 || 0263 | 0,355 | 0,248 | 0,560 | 0572 | 0784 | 0596 | 1,008 | 1120 o1 | 17 | 016 || 0415 | 0367 | 9335 | Q255 | 0537 | Q5 | 0717 | 0506 | 0%
012 | 0023 | 0150 || 0295 | 0393 | 0492 | 0514 | 0737 | 0550 | 0883 | 1,106 | 129 A Pt L] e T i R i 4 R R L U R
013 | 0120 | 0075 || 0321 | 0429 | 053 | 050 | 0508 | 0988 | 1002 | 1205 | 138 01 [ 01s0 [ omr5 ][ 0257 | 0345 [ 0223 | 0595 [ 0Bef | 0750 [ 0387 | 03 [ 1072
014 | 0,151 | 0189 || 0368 | 0455 | 0581 | 0726 | 051 | 1aie | 1061 | 1,306 | 1452 014 | 0151 | 0459 || 0.a7d | 0472 | 0485 | 0531 | 0597 | 0513 | 0929 | 1055 | 105
016 | 0475 | 0219 || 0,805 | 055 | Op2 | 0580 | 1,008 | 1176 | 1,385 | 1,513 | 1681 SR 0D | O | 05 ] GER | OB | 01 | LIE LI 1A
047 | 0@ | oz | 0em |05 [ ome | omm | 1o | 1am | 14w | 15 | T®m 007 [ 0185 | 0234 || 0325 | 0850 | 0575 | 0719 | 0863 | 1007 [ 1451 | 1294 | 1.238
005 | 0200 | 0250 | 0.860 | 0413 | 0767 | 0958 | 1150 | 1.342 | 1533 | 1725 | 1917 SRS S A | QB ) A6 L GIET ] O WO ) LI A0 | dsd
019 0213 026 || 0.2 | 0gs2 | 0ais 1019 120 155 1530 1232 | 2007 2,19 0,213 0288 || 229 522 | 4552 0815 097E 1,141 1,304 1467 1,530
020 | 0225 | 0282 || 0518 | &9 | 0868 | 1080 | 1.29% | 1512 | 1728 | 1944 | 2180 020 f 0235 | 0242 || 0415 { 0553 | 0631 | 0864 | 1037 | 1.0 | 1383 | 1,555 | 1.738
021 | 0238 | 0298 || 0568 | 0731 | 0912 | .04 | 1371 | 159 | 158 | 205 | 2285 021 | 0235 | 0284 || .59 { 0563 | 0731 | Q51 ] 1097 | 1250 | 1452 | 1555 | 1328
R R R A B A A R R 02 | 0250 | 0315 || 0853 | 0517 | 002 | 0065 | 1158 | 1351 | 1588 | 1737 | 109
02 oz | o= | aga | osa [ 1o | izt [ 1as | 10e | 2o | 2 | 254 023 [ o2s5 [ o3m || o= [ o581 [ o3 | 1me [ 120 [ 1423 | 15% | 18%0 [ 2033
028 | 029 | 038 || 055 | 0855 | 108 | 135 | 1,508 | 1871 | 2136 | 2205 | 2673 gf‘ E*E gﬂﬁ '3'5;; 33?; iﬁ Ha; }?ff 1;; }:;; 1-'9:&7: 3_"--13?
025 | 0293 | 0956 1125 | 180 | 1568 | 1965 | 228 | 250k | 2807 nall : = — = = = = - e
026 | 0307 | 038 - 1,178 | 1472 | 1766 | 2061 | 295 | 2649 | 2944 R EEm=mw B B B IS ER N e o B
0 | 032 | 0802 || 0750 | 0967 | 1233 | 1542 | 1850 | 2159 | 2867 | 2775 [ 3084 ng Tl T R R B R R el B R f§1
036 | Ogar | oAl || Oovs | 1ome | 12 | 1618 | 198 | 229 | 2561 | =908 | aa. e j“f_‘m :u-;:a S 1'3_‘;' 1';9 ST 5 = oo =
023 | 035 | o480 | o509 | 1079 | 1349 | 1686 | 2024 | 2361 | 269 | 3085 | 34 e e e e 1-;9 - 1'333 ey e T
030 [ 03588 | 0259 || 0885 | 1127 | 1,808 | 1761 | 2113 | 2466 | 2818 | 3470 | 35 - - S —= e B e B
- = - = LR - — 031 | 03058 | 049 || 0706 | 0941 | 116 | 140 | 1768 | 2058 | 205 | o6er | 2541
031 | 0384 | 0409 || 088 | 1078 | 1670 | 156 | 2205 | 2avs | 2981 | 3906 | 36 — =
S e e T aen e e e i e 032 | 020 | 0500 || 0736 | 0981 | 127 | 1533 | 1840 | 2447 | 2253 | 270 | 30a7
(1 i (15 / ST £y J T . d = == = =
: = == = = = —— 033 | 087 | 053 || ofsr [ 0@ | 19 | 158 [ 1918 | 225 | 255 | 2& | 34%
03 |07 | o5 | ogse | 1zwe [ 159 | e [ 23w [ 27 | 3196 | 3596 | 3w : : - = 1= e
T B e R R B R T R T R 032 | 0530 | 058 || 009 | 1066 | Tame | 1558 | 195 | 23] | 2668 | 299 | aaW
z Z - — = 035 [ oes2 | o565 || ogx [ 141w | 1367 | 7ae [ 2oe0 | s | 27ve | adt | 3
035 | o452 | oges || 1080 | 13 | 173 | 206 | 260 [ aose | 3ee | 3am = = = e = = =
: = - - 035 | 0&1 | o580 || 0855 | 1155 | 1484 | 1805 | 2185 | 2827 | 2 3220 | 3510
0% | a4 | o5 | 1083 | 14es | 1805 | 235 | 2707 | 31 | 350 z z 1 - =
T T R R B B R R R T B 072 | 020 | o517 || 0905 | 1207 | 1509 | 1856 | 2263 | 2541 | 3018 | 3395 | 3772
035 | 0510 | o8| 1973 | 1568 | 1955 | 2eea | 233 [ &z | 3an
0352 | o531 | oess || 1231 | 151 | 2psa | 2585 | aoms | 35w



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

7.1.2. FAILURE CONDITION

REINFORCEMENT YIELDING BEFORE CONCRETE CRUSHING

X - Xlim

balance

> l I i

Smj 0 Sr_-u . 3:5%]1]

XE X,
Xiim 35

= < chp.6:slide 17
d 35+1000f,4/Eg

Slim =



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Maximum Bearing Capacity Corresponds to the Balance Situation
Starting formula: M Rd — H bdzf cd i = glim — MU= 0,8 §(1'014§)
Hiim = 018‘2 Iim(1_014§ Iim)

2
M Rd,max = MiimPd ™ty
The Corresponding Tension Area

Starting formula: A _ = 'V][Rd £=&,, — z=d-0,4x=(1-0,4E)d
Z
vd Zim = (1-0,48,,.)d = ;i d

_ M Rd, max
> Climdfyd

Whateveris A, > A

s,max®

- no yielding of the steel

- bearing capacity remains the same Mg, ...



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

7.1.3. CROSS SECTION DESIGN

DESIGN PURPOSE:

e set the dimensions b and h of the concrete cross section

e calculate the reinforcement, according to the distribution of
bending moments

 detailing of the element

STEP 1: CROSS SECTION DIMENSIONS
- by estimation based on robustness
- by calculation according to the bending moment

STEP 2: REQUIRED REINFORCEMENT



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

CROSS SECTION DIMENSION BASED ON ROBUSTNESS (STIFFNESS)

Slab thickness
Floors with N min
-  oneway continuous slab Imin ! 35
- two ways continuous slab Lin ! 45
Slab thickness must be multiple of 10 mm

Beam cross section dimension
Recommended dimensions
[ /12 — girder of antiseismic frames

Cross e [/15 — main elements
section 1/20 —ioist: beam
depth e o

[/(8..12)— girder of antiseismic frames; main elements
[/(12..15)—joist; beam
Cruss sechinn b=h /1.5..3)—rectangularsection

haprf.rn

width, b b=h /(2..3)—flanged section
Additional b=120, 150, 180, 200 mm, afterwards mutiplu of 50 mm
recommendations

h - multiple of 50 mm forh < 800 mm

fi t-in-situ
=i h - multiple of 100 mm forh > 800 mm

elements




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

CALCULATION OF THE DIMENSIONS ACCORDING TO BENDING MOMENT

Input data QOutput data
Mgegitaitni: Coon b.h, A_..x

there is chosen:
b - low influence on section resistance
p - itis a link between three unknowns (b, h, A,)
usual values: 0,25 ... 0,60% for slabs
f 0,80 ... 1,30% for beams
mzi L u=o(l-050)

100f,
L tablgd(D J

useful depth dq =

M Eq
pbf o

d=d4+d; — roundedaccordingto slide 17
to check ratio h/b — slide 17




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

CALCULATION OF THE REINFORCEMENT AREA

M:M o=1-1-2n
Lbdzfcd T
table ©

fcd
A;=obd—

fyg
p = 100A /bd

NOTE:
1. Using table © the check X £ X, is implied
2. To check p =2 p,,,, from slide 24



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

7.1.4. CROSS SECTION CHECK

Input data

Output data

Mes, foa; fra; b h; Asl Coem | MRa: x

Mg, calculation by equilibrium conditions

Adfyg

NO

X = <&;nd
O,8bfcd ‘illm

lYES

- too much reinforcement
- crushing of concrete without
yielding of reinforcement

MRd = O’8beCd(d - 0,4)()
MRd = Asfyd(d - 0,4)()

Mgg =M

Rd,max

(slide 15)




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Mg, calculation by using table

=
f
L t:lile ) —T

NO M. =
H < Fiim |- too much reinforcement Rd

[ES - crushing of concrete without

(slide 15)

V

Rd max

yielding of reinforcement

= pbd?fcd




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Checking the bearing capacity

Mgy < M, 52— OK!

NO

V

Cross section is too weak

Vv

What to do ?

\\4

Double reinforcing

CHANGE h, A, or the steel

(see slide 9)




7.1. SIMPLE REINFORCED RECTANGULAR SECTION

7.1.5. PROVISIONS FOR REINFORCEMENT AREA

Maximum reinforcement percentage corresponds to
balance situation

Starting formula: £ = 125prd =g — P= O,ngﬂ
l f Pmax = 0’8§Iimed
p=08_= e feg
fyd Pmax =100p max :8Oglimf—
yd
Pax Values
- in table @
-EC2: 4%

Whateverisp > p,.,:
- no yielding of the steel

- bearing capacity remains the same Mgy ...,



7.1. SIMPLE REINFORCED RECTANGULAR SECTION

Minimum reinforcement percentage is obtained
equalizing Mg, with M,

Ges < fc

i _;_ ol

£

24



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

COMPRESSION REINFORCEMENT LEADS TO:
* INCREASING OF BEARING CAPACITY
* DECREASING OF COMPRESSED CONCRETE
* INCREASING OF SECTION ROTATION, RESULTING A HIGHER DUCTILITY

ﬂsz

S ™ 35.551"011

h |d

k J ds ——

Xadr

i

Xsr

Wi

sr —simple reinforced
dr — double reinforced

t H51

DOUBLE REINFORCEMENT IS USED IN THE FOLLOWING SITUATIONS:

* SIMPLE REINFORCED SECTION IS TO WEAK & NOTHING CAN BE CHANGED
* THERE ARE ALTERNATING BENDING MOMENTS
e SOMEHOW THERE IS REINFORCEMENT IN COMPRESSED AREA

* [N ANTISEISMIC STRUCTURE EVEN THOUGH NO ALTERNATING BENDING MOMENTS



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

7.2.1. SECTION ANALISYS

Ao l A = 3.5 %o f.q F., | |
- e (.4
* ..ch * T d‘SE €52 ‘—7 X 0.8x F.. =1 d;>
: 2 C
hd ._-_,._-,,..,,_.,...,-.E_L.ﬂ: __________ i A e s .C__ ___________ ;_,._.z ......
"—f— 5
Mga Mgq
3"5.5] Fﬂ
_stl e @ o 7 —
‘ b C = Ej_-’d
_ _ x-d
Fo1 = Agifiq z=d-0,4x = s2
FsZ = ASZGSZ ! Zy = d - dsZ X



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

TENSION REINFORCEMENT YIELDING BEFORE

CONCRETE CRUSHING
XE Xlim

STRESS IN COMPRESSION REINFORCEMENT
There is yielding of compression reinforcement if ¢, > ¢ 4

_ >
fs2 =T T 2 By X\x
V4

Steel PC52 PC60 5400 $500
X, 1,69d, 1,91d, 1,984, 2,64d,
STAS 10107/0-97 2,0d,

X=X, Og,=fy

X<X, Og5<fy
*no yielding of compression reinforcement
eprocedure in the chapter 6.4 (slide 12) applies

esimplified approach: F_is acting at the level of F,



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

feq Fo | !
- > 0 4x5—
{)_.er F" d.>
>F=0 = il N
t Z| Z
MEgq
L Fs
F. +Fy =Fqy —
0.8bx f.:d + As_jfﬁr.-d =A E]fﬁr.-d Let’s assume S, =f,
.."51. _..'ﬁh T .
35‘1=1=25I: =1 L:Ifj,-d
bf 4

I:‘E" i —Ag ]f}fd
bdf .4

i

1,

I
Iy




7.2. DOUBLE REINFORCED RECTANGULAR SECTION

2.M = 0 - related to the A, axis

ASE ASE
I 0.8x IU:SK

P_’-sl_ Asa _ Agh = Asg

Original Cross section a Cross section b
cross section simple reinforced onlv reinforcements

M £ = M , + M b
Asl = Asa + Asb
AS]_ - Asa + ASZ




7.2. DOUBLE REINFORCED RECTANGULAR SECTION

fd F, | |
- > 0.4x
{)_.er F" d
M Ed — Fr: Z+ FEZZS MES [
3 : Fa
MEd :O:Sb};fcd(_d_O:4K)+A52f3rd(_d —dsz) ——

Mgg =bd*f40.85(1-0,48) +A,f 4(d—d,;)  Let'sassumes,,=f,,

Mgq =nb dzf:ﬂﬂszfvd (d-dy)
l | |
M M,

d

4
Mgy =pbd™f 4 +Af4(d—d,;)
l |
DM
increasing of the bearing
capacity due to
compression reinforcement




7.2. DOUBLE REINFORCED RECTANGULAR SECTION

7.2.2. CROSS SECTION DESIGN

CASE ©
CONSEQUENCE OF WEAK RECTANGULAR
SIMPLE REINFORCED SECTION

CASE @
THERE IS REINFORCEMENT IN THE
COMPRESSION ZONE



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

CASE © - WEAK RECTANGULAR SIMPLE REINFORCED SECTION

Input data Output data
Meg: feqifpu: bh Scpem | AazAs s Ao
e d=h-d, -1 - — 1 7 Joss o [ | Jos
= M Ed > U . .
« H= bde Hiim —> section does not resist to MEd e - T
cd

e simple reinforced cross section can withstand bending moment M, = p,,..bd?*f_,
* AM = Mg - My,
e compression bars A, are required to increase resisting bending moment
AM
© A2 T d
yd( o 32)
e for equilibrium of internal forces — a corresponding amount of steel must be
added to the tension reinforcement A, . (provided for M, )

slim (

° Asl = Aslim + AsZ
. A= Miim N AM _ 1 (MnmJr AM j;znm=(1_o,4g“m)d
ZIimfyd (d_dsz)fyd fyd Ziim (d_dsz)

NOTE: € = i, & X = X, > X, —> both reinforcements yield



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

CASE @ - THERE IS REINFORCEMENT IN THE COMPRESSION ZONE

Input data

Output data

Meg: foa fra: Agzy b I Coom

;jkgl:. X

e d=h-d,
. » Mgg —Agfygld=dg)
bd*f

cd

e a)u<,isthe same like E<E,  — A, yields

e fromtable® - &

. ifx=Ed>x, — A, yields; Ag=Ag+Ag,=onbd

. ifx=&d<x, = A, does notyield

Aﬂ A-.-Q

- ‘IE,SR IE_.S.K -

As] Asa A;b_z\g
f cd

+A,

yd

simplified approach: F_is located at the level of A,
2M = 0 — related to the A, axis:

vd

M Ed = g f}"(lzs = Ag fyald— dr‘:fl )

M Ed
f},{l { d - dsl )

.‘JS. al —

* b)ifu<0 — A, istoo strong (similar to x <x); previous relation applies
e c)ifu>y,, — A, is too is weak; calculation according to CASE @ is required



7.2. DOUBLE REINFORCED RECTANGULAR SECTION

7.2.3. CROSS SECTION CHECK

Input data Output data
Meg: fo Trat Asrt Aszl D10 Cporn | Mrat X

(Asl _Asz)f
X =

0,8bf
if x, <Xx<X, > &=x/d — table ® — u: Mg, =Hbd3fcd+ﬂﬂ }-d(‘j_‘jaz)

d
! S%Iimd

if x <x, — A, does not yield — simplified approach: Mpg4 = A 4f 4 (d—dg)

.
if X > X, = Ay is too strong: Mgg =Hgm bd g + Aty (d—dy)

Mey < Mgy ?



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.1. EFFECTIVE WIDTH OF FLANGES

THE DIFFERENCE IN THE RIGIDITIES OF THE WEB AND FLANGES LEADS
TO NONUNIFORM DITRIBUTION OF COMPRESSIVE STRESSES

real distribution hig design
of O¢ \ > hwd/lfylhlﬂ',lﬂﬂ
#____.-ﬂ'"- R“‘-»._\__- o= fflj.
| Ac [na
T L

(11 A




7.3. SIMPLE REINFORCED FLANGED SECTION

- bﬂﬁ -
b&!‘f.1 bEf‘f,E
el [T
A //////{/ ; 7/////;/// A iy
/N
b, & 5 B
M d—
Dett = Dty + by + begr, < b
b =0,2b, + 0,14,
b, =0,2b, + 0,1/,
Dettr < 0y i
b rrfr s
Betr, < b, o=

b = 0,85 I

-

0115{,",+,'2J I =0,7 h =015 L+

Y

Y

..' I g g ..i' |

” 1 " 2

1




7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.2. EXTENSION OF THE BLOCK STRESS

besr l
il Ac 10.8x=hy = —0.5hs
1:nzf'
h| |d Mg Mft d - 0,5hs
As'f Fs.f
---------- -9 -9 T, SES—
|
bw
2F=0 P::f :st f
F - =b_eh f Ay =bgghy =
of — Velf i cd > € fd
y
Fer :Hsff}-'d

2.M = 0 - related to the A axis

M; =bhf (d - O'Shf)



7.3. SIMPLE REINFORCED FLANGED SECTION

| Design | Check .

Block stress in the flange
0,8x < h

Block stress in the web
0,8x > h;

M., < M, A <A

Mg, > M; A > A

38



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.3. CROSS SECTION WITH BLOCK STRESS IN THE FLANGE

|-f b >
X }
A ir - ~—-—T-—- UjSX
hy | |
d : <« real shape
«— design shape
v e '
< ) >

e concrete below the neutral axis is cracked
e real shape does not matter
e calculation — rectangular section b & h



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.4. CROSS SECTION WITH BLOCK STRESS IN THE WEB

e b 0.8x = Iy bb
N : ] o For section b:
ihs — Iﬂ 8x e
_________________________ ! | N N Fsb = I:cb
hild <MEd = ...I\_/I.a_ @ Mo Fsb = Asbfyd
A, . Ag I:cb = (b _bw)hffcd
— = — fcd
bis — _ _ca
® ® Ag = (b bW )hf f
yd
f::::1
=T, | £ 0.4x = 055
. e .1-:12 ' Feb
h| |d MEdt & MC . @ be P
=IFS Fsa < FSE o



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.4. CROSS SECTION WITH BLOCK STRESS IN THE WEB

1.5 - h
e .. ] ‘ Db
& & &
ZF — O EL‘ —_ {:._3:.,-]. | hef -
wf l4 \IEG .I...._.\I... |"'-"'|3 :,-.r_l N ;\.:h-;. e
r Al Ag Ay
1-‘ —— — —
F F b= ] (a) (B)
cC 8

F,=F,, +F,; =08bxf 4 +(b—by, Jhsf
Fs = Fsa L Fsb = (Asa : ] **ﬂish )f}’d = Asf}’d

\ Afyq—(b—by hf L x—12 Adya b-b, h,
0,80, f..

£=12 Asfya _b-b,,
b,df 4 b,d




7.3. SIMPLE REINFORCED FLANGED SECTION

2.M = 0 - related to the A, axis

MEd = FcaZ+ Fcb(d—O,Shf )
Mgy = Pibwdzfcd +(b- by, )h; (d - 0,5h; )f 4

_J

~

Resisting bending moment

Mg = by, d*f g + (b — by, e (d - 05hy ) o4



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.4.1. CROSS SECTION DESIGN

Inputdata Output data
Meq; fea: fya: bw: bi b by AglX

f
Ag=(b-b, ) 1

yd
Mb:(b_bw)hf (d_O’Shf)fcd
I\/Iazl\/IEd_l\/lb
= Meq table® > 0> Ay =0b ded
wadzfcd > " fyd

A= ob,d 1% ¢ (b—b, h, e
fug fug

NOTE: if pu > ., double reinforcing is required



7.3. SIMPLE REINFORCED FLANGED SECTION

7.3.4.2. CROSS SECTION CHECK

Inputdata Output data
Meq; fea; fya; bwi Asib: hihs | Mpa: X

A =(b—b,, )y 1%
fya
M b — ASbfyd(d — O,Shf )
A =As—Ag
As fyd

_ 2
0= by, f,, table ® > u— MaZMde fcd

M rg = uby, d*f o4 + Asbfyd(d —-0,5hy )

My <My ?

NOTE:ifu>p,, = M,=M,,



7.4. DOUBLE REINFORCED FLANGED SECTION

7.4.1. EXTENSION OF THE BLOCK STRESS

Formulas from slide 37 are completed with
contribution of compression reinforcement A,

feg
Ay =bh; == f d 1A,

yd

Mf = bhffcd(d _O’Shf )"’ ASZ(d o dz)



7.4. DOUBLE REINFORCED FLANGED SECTION

7.4.2. CROSS SECTION WITH BLOCK STRESS IN THE WEB

f——
Asl l
A [ ol _._____.____"_:__._._._-i—-—-i— O:SX
hs
q i «———— real shape
: _ design shape
v Asl
* b‘u“r’ ”

e concrete below the neutral axis is cracked
e real shape does not matter
e calculation — rectangular section b & h



7.4. DOUBLE REINFORCED FLANGED SECTION

7.4.3. CROSS SECTION WITH BLOCK STRESS IN THE WEB

b
b :
’. AEE 0,8x = hr |' f'_b=~_'1 '| AEE
JI.ILI]:II_ r— . U-Ex ]:LfI| |_ —
e ] M| g [T & || g =
*ﬂLs j'*sa Asb ASC
I S AL T —
.
. @ ® ©
fea l Fa
E*F DE}:I 'i:. :E[]—h: g-%—rﬂ Shs >
. T
M ———d e s s m - = e L R T R R R R T I e P
e @ M; : ® M  dpsm@Ml]
F :Fa :Fs.b P:-C
il £ & N
® ® ®

COMBINATION OF THE PROCEDURES OF CHAPTERS 7.2 AND 7.3

47



