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1.2
1.3
1.4

2.1

2.2

Q235

E43xx

C20

2.2.1

2.2.1

2.2.3

.mcd

GB 50009-2001
GB 50011-2001
GBJ 17-88
GB 50010-2002

fy = 235N-mm- 2 f= 210N-mm~
Eg:= 206.10°N-mm 2
£ - -2
tw = 160N-mm
-2
fC := 9.6N-mm
) YGo = 1.35
Q= 1.4
Vg1 = 0.7
Vg2 = 0.9
3
, b
f
Ay
Aphi < — [
Phi = |E

S

2
OL4 <« 0.965 + 0.3-7»Phi + kPhi

2 .

1 , 2 2 .
2((14— ay _4'7“Phi) otherwise

2-)phi

2

3719

-2
fV = 125N-mm

6p(60) = 0.807 OK
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2.2.4
Boxy =1 () Boxo =1 Box3 =08
Moy2 =1 Moy3 =1
2.2.5
A =350 A 1:=150
Lk = 27m Sg = 6m Sg := 1500mm
3.1
-1 -2 -2
Ok1 = (120 + 11m -Lk)~N~m Ok1 = 417N-m
Ok == TON-m 2
O3 = 1400N-m -
Oa = 400N-m 2
U5 = 400N-m 2
-2
Ok = 9k1 T 9k2 + 9k3 * Ika + 9k5 gk = 2.687 KN-m
-2
Uyq = 700N-m Vg1 =07
Up := 80ON-m 2 Vgo =09
3.2.3
-2
207 =731 9k t TQ k2 T YQ Vg1 k1 2gq = 5.03kN'm
2

202 = vG2 9k T YQ' VgL Ukl T YQ Vg2 k2

2q, = 5.321kN-m "
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9a = 7G2 9k da = YQ'(Wq1'qk1 + ‘Vq2'qk2>

Tq = max((qu sy} ))

g5 =3627KN-m ° g = 1.694KN-m 2 q = 5.321kN-m 2
3.2
3.2.1
Fp:=20-S.'Sg Fq = 47.893kN
3.2.2
FZR = gaSCSS FZR = 32.647 kN
3.2.3
Far = 7627 (9k1 + 9k2)Sc'Ss Far = 5.917kN
,F2
4.1
F o1
Fix F3L >+ F3R* +
F3R * F3L *
0 1 2 3 4 5 6
4.2
Excel
Na :=

XIs

MIN
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0 1 2 3 4 5 6 7 8
0 0 1 2 3 4 5 6 7 8
1 2.85 5.676 4,187 1.489 | 271.841 | 141.735| 72.046| 271.841 | 72.046
2 3| 13.395 9.402 3.993 | 641.527 | 322.112 | 182.397 | 641.527 | 182.397
3 45| 18.302 11.46 6.842 | 876.538 | 404.305 | 285.022 | 876.538 | 285.022
4 3| 17.855 8.914 8.941| 855.13| 335.897 | 336.594 | 855.13| 335.897
5 1.357 0 0 0 0 0 0 0 0
6 1.507 -10.06 -7.255 -2.805 (-481.804 |-246.922 |-131.978 |-131.978 |-481.804
7 1.507 -10.06 -7.255 -2.805 [-481.804 |-246.922 |-131.978 |-131.978 (-481.804
8 1.507( -15.883 | -10.803 -5.08 [-760.685 |-373.021 |-225.196 |-225.196 |-760.685
9 1.507| -16.471| -11.391 -5.08 (-788.846 |-391.688 |-228.675 |-228.675 [-788.846
10 1.507( -16.472( -11.392 -5.08 [-788.893 | -391.72|-228.681 |-228.681 |-788.893
11 1.507| -18.715| -11.075 -7.64 (-896.317 |-396.804 |-308.078 |-308.078 [-896.317
12 1.507| -19.217| -11.575 -7.642 | -920.36 |-412.689 -311.1 -311.1 | -920.36
13 1.507 -19.2 ( -11.576 -7.624 (-919.546 |-412.614 |-310.534 (-310.534 |-919.546
14 1.99 -0.5 -0.5 0| -23.947 | -15.873 -2.958 -2.958 | -23.947
Na=|15 2.278 -1 -1 0| -47.893| -31.747 -5.917 -5.917| -47.893
16 2.581 -1.496 -1.496 O -71.648 | -47.494 -8.852 -8.852 | -71.648
17 3.036 -1.496 -1.496 0| -71.648 | -47.494 -8.852 -8.852 | -71.648
18 3.34 0 0 0 0 0 0 0 0
19 1.29 -1 -1 O -47.893| -31.747 -5.917 -5.917| -47.893
20 1.518 -1 -1 0| -47.893 | -31.747 -5.917 -5.917 | -47.893
21 2.518( -10.221 -7.539 -2.682 (-489.514 | -255.21 |-129.754 |-129.754 (-489.514
22 2.602 7.802 5.459 2.343| 373.661| 187.17| 106.684 | 373.661 | 106.684
23 2.855 -6.447 -4.158 -2.289 [-308.766 |-145.548 | -97.272 | -97.272 |-308.766
24 2.855 4.581 2.562 2.019| 219.398 | 93.282| 79.257| 219.398| 79.257
25 1.883 0.735 0.735 0| 35.201| 23.334 4,349 | 35.201 4.349
26 2.081 -3.469 -0.987 -2.482 |-166.141 -46.02 | -84.636 -46.02 [-166.141
27 2.081 -2.654 -0.175 -2.479 (-127.108 | -20.224 | -79.736 | -20.224 |-127.108
28 3.251 0.691 -0.955 1.646 | 33.094| -20.579| 46.605| 46.605| -20.579
29 2.029 0.675 0.675 0| 32.328| 21.429 3.994| 32.328 3.994
30 2.244 1.184 3.15 -1.966 | 56.705 88.37 | -43.776 88.37| -43.776
31 2.244 1.929 3.891 -1.962 | 92.386] 111.918| -39.265| 111.918| -39.265
Na:= Na-1kN
Nmax := Na<7>
Nmin := Na<8>
1 Nmax1 = 271.841 kN
21 Nmin,,, = —489.514 kN

21
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5.1
511
La:= Na<0>-m-kN_ !
LOX = La
i := 15,16..20 Lox, = 08Lox,
i:=22,23.31 Lox, = 08 Lox,
Loy = La
Ly
i=1,2.4 Loyi::—
i:= 5,6 .13 Loyl = 3L0X|
L0y26 = [Ny « (—1)-m|n((Nm|n26 Nm|n27))
Ny « (—1)-max((Nmin26 Nmin27>)
l1 < La26 + La27
N
ln < 14-1 0.75 + 0.25-—
1)
(0511) if Ig <051
lg otherwise
L0y30 = [Ny « (—1)-m|n((Nm|n30 Nm|n31))
Ny « (—1)-max((Nmin30 Nmin31>)
l1 < La30 + La31
Ny
ln < 14-1 0.75 + 0.25-—
1)
(0511) if Ig <051
lg otherwise
L =3.918m L =1L
026 Oy7 ™ ~0¥pe
L =4372m L =1L
039 Oy31 ™ 0¥z

7719
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51.2

Nmax . .
if Nmin >0

Ag(Nmax,Nmin) :=

Nmin
0 (60)-f

Nmax
max|
'—Oy

igoy(Loy) = o

if Nmax <0

Nmin
d)b(GO)-f

\\ otherwise

J)

ing('—Ox) = 60

5.1.3
An ixn iyn
5.1.3.1

max((|Nmax| |Nmin]|))
An

c1(An,Nmax,Nmin) :=

Ro1(o1) = if(o <f."OK" ,"NO GOOD" |

5.1.3.2
: Lo _ Lo
i Lown) = 5 RyliyneLoyn) = 52
Xn yn
K(Xx,ky) = max((xx }‘y))
o0 An,Nmin) = | —0_ it Nimin < 0
¢b(7u)-An
0 otherwise

Roa(02) = if(|op| <f."OK","NO GOOD" )
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5.2
i=0,1.31
o\
- - Ag(Nmaxi, Nmin ing('-Oxi) _ igOy('-Oyi)
0 7 0 8 0.333 cm 0 cm 0
1 271.841 1 72.046 12.945 4.75 225
2 641.527 2 182.397 30.549 5 22.5
3 876.538 3 285.022 41.74 7.5 225
4 855.13 4 335.897 40.72 5 225
5 0 5 0 0 2.262 6.785
6| -131.978 6| -481.804 28.42 2,512 7.535
7| -131.978 7| -481.804 28.42 2.512 7.535
8| -225.196 8| -760.685 44.87 2.512 7.535
9| -228.675 9| -788.846 46.531 2512 7.535
10| -228.681 10| -788.893 46.534 2,512 7.535
11| -308.078 11| -896.317 52.87 2512 7.535
12 -311.1 12 -920.36 54.288 2,512 7.535
13| -310.534 13| -919.546 54.24 2512 7.535
14 -2.958 14 -23.947 1.413 3.317 3.317
Nmax = |15 -5.917 |Nmin =|15 -47.893 kNW 3.037 3.797
16 -8.852 16 -71.648 4.226 3.441 4.302
17 -8.852 17 -71.648 4.226 4.048 5.06
18 0 18 0 0 4.453 5.567
19 -5.917 19 -47.893 2.825 1.72 2.15
20 -5.917 20 -47.893 2.825 2.024 2.53
21| -129.754 21| -489.514 28.874 4.197 4.197
22 373.661 22 106.684 17.793 3.469 4.337
23| -97.272 23| -308.766 18.213 3.807 4.758
24 219.398 24 79.257 10.448 3.807 4.758
25 35.201 25 4.349 1.676 2511 3.138
26 -46.02 26| -166.141 9.8 2.775 6.529
27 -20.224 27| -127.108 7.498 2.775 6.529
28 46.605 28 -20.579 2.219 4.335 5.418
29 32.328 29 3.994 1.539 2.705 3.382
30 88.37 30 -43.776 4.208 2.992 7.287
31 111.918 31 -39.265 5.329 2.992 7.287
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5.3
|Nm|n21| = 489.514 kN
ta = 10mm
ta_l = 12mm
5.3.1
, i=1,2..4
j=3
2L140x90x10 A3 = 44.5220m2 ix3 = 2.56cm iy3 = 6.77cm
. -2
o31= cl(A3,Nmaxj,Nm|nj> o3 1 = 196.877 N-mm
R01(03_1) = "OK"
hyg = xx(ix3,L0Xj> hygi= xy(iy3,Loyj> hg = Mhxz:hyg)
hyg = 175.781 hyg = 199.409 A3 = 199.409
Rj3 = if(x3 <1 ,"OK","NO GOOD") R;3 = "OK"
5.3.2
i:=5,6.13
) j=12
2L.180x110x10 A= 56.75¢m° 19 = 3.13cm

Ay12 = lx(ix127'—0xj)

hoy1p = 48.147

Rpaz= if(Ap <% 1,"OK","NO GOOD" |

6 12 62(7‘12’A12’ Nminj)

Ro2 12 R62(62_12>

5.3.3

|y12 ;= 8.63cm
hy12 = ly(iy127'—0yj) M= K(kxlzﬁlylz)

hy1p = 52.387 Jqp = 52.387

Ragz = "OK"
oy 1p = ~191.864 N-mm 2

Rs2_12="OK"
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2L.125x80x8 Agq = 31.9780m2 ix21 :=4.01cm iy21 = 3.27cm
Aol = kx(ix21’|-0xj) hyo1 = ky(iy21’|-0yj) Aoy = 7‘(7‘x21’7‘y21)
Ayo1 = 62.793 hyp1 = 77.003 Aop = 77.003
Ryoq = if(x21 <2 _1,"OK","NO GOOD") Ry = "OK"
= 69(hor,Arq,Nmi — _216.458 N-mm 2 =105 1
G2 21°F c’2( 21:7°21> m'”j) Gp 21= 446 -mm G2 21a= + o2 21
Ro2 21 RGZ(GZ_Zla) Rg2 21="OK"
5.3.4
i:=14,15..17 ji=17

2L63x5 Aq7= 12.286cm2 ix17 ;= 1.94cm iy17 = 2.96cm

Ax17 = kx(ix17"-0xj) hy17 = ky(iy17"-0yj) M7= A7 2y17)
hoy17 = 125.196 hy17 = 102568 )17 = 125.196
Rpa7 = if(k17 <2 1,"OK","NO GOOD" ) Ry 17 = "OK"
op 17:= 02(117,A17, Nminj) oy 17=-142124N-mm- 2
Ro2 17 R02(02_17) Ro2 17 ="0K"
5.3.5

5351 j=22

, 2L90x6

A22 = 21174cm2 |X22 = 2.79¢cm |y22 = 4.05cm

hy22 = kx(iXZZ’LOXj) hy22 = ky(iyzz’LOyj) Mg = Mhygpshy20)
Ao = T4.609 hygo = 64.247 gy = 74,60
R; 22 = if(1.p9 < 1_."OK" "NO GOOD") Ry.9 = "OK"

5352  j=23

22 Agzi=Ryp  Ixpzi=liyoy  iypzi=iyno
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Ay23 = lx(ix23»'—0xj)

hoyp3 = 81.864

R}\23 = |f(7\,23 < }\._1,"OK" ,"

62 23:= GZ(KZS’AZ& Nminj)

Ro2 23= Rcz(Gz_zsa)

5.3.5.3 i:=26,27,30,31

ji= 26 2L.90X56X5

Ay26 = lx(ixze»'—OXj)

heyog = 104.704

Raz6 = if(Agg < 1,"OK","NO GOOD" |

62 26= GZ(KZG’AZG’ Nminj)

Ro2 26 = Rcz(Gz_zea)
5.3.5.4

2L63x5

5.4

2L.140x90x10

21.180x110x10

2L.125x80x8

2L.90x56x5

2L.90x90x6 or
2L.63x63x5 or
2L.63x63x5

NO GOOD")

hyag = 87.641

12 /7 19

hpg = x(xx23,xy23)

5= 70.494 hpg = 81.864
Ry23 = "OK"
- 52 23
Gy pg= —2158TBN-MM ° Gy pgsi= =

Ro2 23 ="0OK"

Agg = 14.4240m” iyipg = 159 iypq = 4.47cm

hog = 7‘(7‘x26’7‘y26)
hog = 104.704

Ry06 = "OK"

52 26

-2
c = —219.369 N-mm c = —
2 26 2 26a 1.05

Rs2_26 = "OK"
( mm)
40i 80i
()
447 3576
51.4 2056
22.9 916
29.0 1160
27.9 1116 2232
19.4 776 1552

12.5 500
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6.0

h_20 (3L NL- - P o) =

KL« (0.7 0.3) if a =0
K_ < (0.75 0.25) if a| =1
K_ « (0.65 0.35) if a =2

K « (-1 -1) otherwise

N3 < 1.22:(0.7-hgp)-(2ly3) o

Ny Kig oNL - 05N
Ng < Kiy NL - 05N
Ny
IWZI. < Em
N2
IW2 < Em

(IWl w2 IW3>

13 7 19
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6.0.1
i=21

N

max. == maX(|NmaXi| , |Nmini|)

'w_2|_(2>Nmaxi»125mm,8mm,6mm)=(120.371 51.228 125)mm

6.0.2
i:=14,15..20
N

max;, = max(|Nmaxi| , |Nmini|)

IW_ZL(O,Nmaxi,63mm,8mm,5mm)0,o = IW_ZL(O,Nmaxi,63mm,8mm,5mm)0,1 =

-14.665 mm 32016 mm
-5.311 -25.602
3.969 -19.239
3.969 -19.239
-24.019 3843
-5.311 -25.602
-5.311 -25.602
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6.0.3 22 23

i=22.23

Nmaxi = max(|Nmaxi| , |Nmini|)

IW_ZL(O,Nmaxi,90mm,8mm,6mm>0,o = IW_ZL(O,Nmaxi,63mm,8mm,5mm>0,1 =

104.786 mm 61.658 mm
79.437 44.275
6.04 24 28
i:=24,28..28

Nmaxi = max(|Nmaxi| , |Nmini|)

IW_ZL(O,Nmaxi,63mm,8mm,5mm)0,o: |

61.684 mm
-5.814

W_ZL(O,Nmaxi,63mm,8mm,5mm>0,1 =

20.337 mm
-25.947

6.05 26 27 30 31

i:=26.27

Nmaxi = max(|Nmaxi| , |Nmini|)

| 1,N ,56mm, 8mm,5mm =
W_ZL( max; )0’0 IW_ZL(l,Nmaxi,56mm,8mm,5mm>0,1 =

. mm

48.184 2.925 mm
31848 -5.788

i:=30.31

Nmaxi = max(|Nmaxi| , |Nmini|)
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IW_ZL(l,Nmaxi,56mm,8mm,5mm)0,o =

15.635
25.491

mm

6.0.6 25 29

i:=25,29..29

Nmaxi = max(|Nmaxi| , |Nmini|)

IW_ZL(O,Nmaxi,63mm,8mm,5mm)0,o =

16 /7 19

IW_ZL(l,Nmaxi,56mm,8mm,5mm)0,1 =

-14.435
-9.178

mm

IW_ZL(O,Nmaxi,63mm,8mm,5mm)0,1 =

-10.268 mm 29.001 mm
11391 -29.771
6.1
6.1.1
Fy=9F Fy = 431.037 kN
ad_l = 280mm bd_l = 212mm td_l = 20mm
F
op = ——— oo = 7.261N-mm 2
a4 1bg 1
Roc = if(cc < fC,"OK" ,"NO GOOD") Roc = "OK"
0.5-a
2 2 d 1
b dd1
dd1l
Vabl = a— Vabl = 0481
dd1
5 1 Bap1 = 0.0583
_ 2 m
Mabl = Bab1~GC'add1 Mabl = 13.054 kN;
6-Mgp1
tm fa t = 19.313mm 20mm
6.1.2
1
Vg = ZFV Vg = 107.759 kN
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— 1 | -
Mg = vd-b-bd_lj Mg = 5.711kN-m

| W= 480mm — 30mm | W= 450 mm

wd wd

hf = 6mm

\2

2-1.22)

2
Vg o)

Mg
Sgwo = || ——————— +

2-0.7-n¢ Lygw

17 /7 19

ogw2 = 28.64 N-mm 2

Rodw2 = if(Sdwa > fow»"NO GOOD" ,"OK" ) Rogwz = "OK"
6.1.3
_ by 1
lwd = 2(ag_1 — 10mm) + 4. - 36mm) lyg = 820mm
he:= 6mm
F
g = ————— G4 = 102587 N-mm
0.7-hf lyq-1.22
Rod = if(od > fo»"NO GOOD" ,"OK" ) Rgq = "OK"

6.2

6.0

AN2 = Nmatx2 — Nmax

Iy 21 (1,ANZ,0mm, 8mm,8mm) = (98.358 32.786 0)mm

3 AN, = 235.011 kN
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6.3
6.0
ta
y hf?_Up = ? hf?_Up =5mm
hf7 dw = 8mm
Fq = 47.893kN
AN := |Nmin5 - Nmin6| ANy = 481.804 kN
2
5 (05F)
(0.75-aN7)" + )
| = : | = 403.89 mm
w7_u w7_u
P 2:0.7-¢7 o (0.8-Fyy) -Up
2
2 (05F)
(0.25-aN7)" + )
I = ' I = 68.103mm
w7_dw 2:0.70¢7 qurfow w7_dw
6.4
6.4.1
|Nm|n13| = 919.546 kN
hf15_l = 8mm
Nmin13|
I =— = 256.57 mm
w15 1 40.7Negs 1oy w15 1
6.4.2

Ni5 p:= 015 |Nminl3| Ni5_p = 137.932kN

Fy = 47.893kN
ht15 o1 = 8mm ht15 22 = 0.5t; hgig pp = 5mm
bys
b15 = 500mm IW15_2 = T - 3cm IW15_2 =220 mm
915 = 85mm

6.4.2.1
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N
15 2 .,
'N15_2 = » INL5 2 = 55.979 N-mm
=5 207hgs o1lwis 2 —
N -8B
15 2815 )
OM15_2 = B ” o5 o = 129.769 N-mm >
2:0.7hf15 21 lwas 2
o V2
2 [oMm152 _2
615 2= ['N15 2 * (—1.22 ) 015 2= 120.199 N-mm
Ro15 2= if(015_2 > fyy» "NO GOOD" ,"OK") Ro15 2 = "OK"
6.4.2.2
Fy = 431.037 kN
1 (i\
122 \ 2 )
°t15. 2~ / o5 o = 114711 N-mm >
=5 207hp5 2o'hwas 2 —
Rot15 2= if(0t15_2 > 0.8fy, "NO GOOD" ,"OK") Rot1s_2 = "OK”
6.5
6.5.1
= 22.26cm° A
' A4 = ' cm N5_1 = A4
hf5_1 = 8mm
! ' Tt I 260.859 mm
ws 1~ S Aan ¢ w5 1= .
6.5.2

N5_2 = 0.15 NmaX4 N5_2 = 128.269 kN

ly 21 (1:N5_2,0mm,8mm,6mm) = (53.684 23.86 0)mm



