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Conditions:

1. Finishing layers of the roof: Insulated

2. Steel grade: S235

3. Span of the truss: L, =294m

4. Length: n x I, where : n=10 | =60m
5. Height (max) at the ridge: H=72m

6. Roof slope: o = 3deg

7. Snow load: I zone

8. Wind load: I zone
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9. COLUMN
9.1. Characteristic geometrical cross-section:
HEB 160
kg = . = . = 13
G =004 kg 160-mm b = 160-mm tp = 13-mm
mi _ _ _
hw =104mm r=15mm tw = 8-mm

h; = 134-mm A= 5430~mm2

Wely = 311500-mm° Wy, = 111200-mm’ iy = 67.8mm J = 24920000-mm"

€ y

\ = 170000-mm3 i,=405mm J, = 8892000-mm4

3
ply = 354000-mm” W

plz

4
Iy = 312400-mm I, = 47940000000-mm"

9.2. Class of cross-section:

235MP 235-MP
x%:\/ a:j & e=0924

fy 275-MPa

e Web:
G.=h- 2-(tf + r) = 160-mm — 2-(13-mm + 15-mm)y> ¢ = 104.0-mm

t., = & mm

=

=13 < 33.e =30.506 —  web hasclass 1

£ |o

e flange:

S= 0.5-(b —ty, — 2-r) = 0.5-(160-mm — 8-mm — 2-15-mm) — ¢ = 61-mm

tf = 13.0-mm
< 4.692 < 9.-e =8.32 —  flanges have class 1
t

f

e whole cross-section:

whole cross-section is first class
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9.3. Determination of buckling resistance due to force

NEg4
Np Rrd
Npq = 260.36kN

< ) . .
<1.0 required condition E = 210GPa

X A-f,
NpRd = !

M1
Ly = 5560mm By = 2.0
L, = 5560mm b, = 1.0

Lcr.y = uy-Ly = 111200mm L., = p,L, = 5560-mm

iy = 67.8-mm i, = 40.5-mm
L L
y 1 z 1
A= —2—=1889 X, = —C.— =158
ly )\1 IZ >\1

h h
g =10 — ; <12 — fromtab.6.2: buckling due to y-y axis — curveb — 0‘y = 0.34

z-z axis — curvec — o, = 0.49

by = 0.5-[1 + ay-(xy - 0.2) + xyﬂ = 0.5-[1 +0.34-(1.889 — 0.2) + 1.8892} = ¢y =2571

b, = 0.5-[1 +ag(h, - 02) + xﬂ = 051+ 0491581 - 02) + 1581%] — b, = 2.088
I 1
Xy = = - X, = 0232
Y b+ o2 =N2 2571 +2.571% - 1.889° Y
v | 0Ny 571 +42. .
I I
X, = - — X, =029

b, 0, -2, 2088+ J2.088% - 1.581°

X = min(Xy,XZ) = 0.232

XAf, 0232.543.10% mm>-275-MPa

NpRd = = " — Ny pq = 346434 kN
M1 :
Ngq
=0.752 <1.0 - condition satisfied
Ny Rd
N
0.8 < Ed <1 perfect
Np Rd kituation

Warsaw 2011
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9.4. Determination of buckling resistance due to moment

M
E
d <10 - required condition
Mp Rd
Critical spring moment in buckling:
6
k=p,=10 E = 210-GPa ky, = 1.0 I, = 47940000000-mm
N 4 4
G = 81000—— L = 5560 mm It = 312400-mm I =] = 8892000-mm
MWV 2 Z Z
mm
2 N 2
0 7 El, Kk I, &L)"Glp
= 71961 =0 - C =18 M, =C - k_ -I—+—
) (k'L)2 w z 712-E~IZ
N
(5560~mm)2-81000~—-31.24-104-mm4
7°-210-GPa-8892000-mm" |( 1 \* 47.94.10°-mm® mm?
M. = 1.88: 1 - +
o 2 1.0 4 2 4
(5560-mm) 8892000-mm 7t -210-GPa-8892000-mm

M, = 245.135-kN-m

Relative slenderness:

3 Wy fy
Wy = Wiy = 354000-mm fy = 275-MPa ALT = - =0.63
Buckling coefficient:
% =10 — % <2 —  fromtab. 6.5: buckling curve b - op1 =034
ALTo =04
B =0.85

2 2
dp1 = 0.5-[1 +op (AT~ ALT0) + B’\LTJ = 0.5-[1 +0.34:(0.63 — 0.4) + 0.85-0.63 ]

1 ! — 0.899
X = = X = .
LT 2 2 2 2 LT
q’LT + ¢LT - B'>‘LT 0.708 ++0.708 — 0.85-0.63
1
X = 0899 = 1.0 oraz X = 0899 = 5 = 2.52 (conditions satisfied)
ALT
Element resistance on buckling:
. . 3
XL W f 0.899-354000- -275-MP
Mb Rd = e - 2 - Mb Rd= 87.518-kN-m

Mpq = 52.23kN-m

Mgy
My, Rd

= 0.597 <1.0 - condition satisfied
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9.5. Checking the cross-section resistance due to compressing and bending considering buckling and lateral torsional buckling

Conditions:
NEq My Eq + AMy g4 M, gd + AM, Eq
—— tky + kg, <1.0
Xy'NRk My.Rk M, Rk
XLT
M1 M1 ™1
NEq My Ed + AMy g4 M, gd + AM, Eq
_— + kzy- +k,, <1.0
Xz NRk My.Rk M, Rk
XLT
M1 M1 M1

In cases of compressing and unidirectional bending My g4 we can adopt k;,=0.

After simplification the conditions are:

A T 2 ! B
Xy'NRk My.Rk Xz NRk
- XLT
M1 M1 M1

Ngje = Ay = 54.3-10%-mm>-275-MPa = 149325 kN — Ny = 1493.25-kN

33
My Rk = Wplyfy = 354107mm™275-MPa — My py = 97.35-kN-m

X\ = 1.889 Xy = 0.232 X, = 0.29 X1 = 0.899
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For max values of bending (combination G+S1+W4) :

NEa] = 62.68kN My.Ed = 52.23kN-m My, = 52.23kN-m Mg =0
M
oy = 2= 0
My
for -1 <oy<0 and 0<¢P<1 and for concentrated load:
requirements
CIny = -0.804=0 and CIny >04
Cmy: 0.4
N N
Ed Ed
k.,=C_|1+ (X, —02)—— and k,.< C_+1+08———
m m
Yy y ( y ) Xy'NRk Yy y Xy'NRk
™I ™I
62.68-kN
ko, = 041+ (1.889 — 0.2)- — k.., =0.522
Yy ( 0.232-1493.25-kN Yy
1.0
Ngg 62.68-kN
Cmy- 1+08——— | =04|1+0.8 = 0.458
Xy NRk 0.232:1493.25-kN
1.0
™I
< =
kyy <0.458 kyy 0.458
N M
E .E 2.68-k 2.23-kN-
B4 + gy yBd - 6268UN s, 52.23 kN'm ~ 0454 1.0
Xy NRk Mypg ~ 02321493.25kN 354.103-mm>.275-MPa
—_— XLT 1.0 0.899-
M1 M1 1.0
- condition satisfied
N )
Ed = 62.68 kN =0.145 <10 - condition satisfied
X, NRk 0.290-1493.25-kN
1.0
™I

Warsaw 2011
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For max values of compressive force:

Npdg,= 260.36kN Mg = 428kN-m 1 = 0
Conwe = 06+ 0.4 = 0.6 and Cry 2 0.4
Cryy = 0.6
N N
Ed Ed
k =C_[1+(\, —02)——— and k.. < C. .- 1+08———
m m
ANYR y ( y ) Xy Ny vy y Xy NRK
M1 ™I
260.36-kN
koo = 0.6]1 + (1.889 — 0.2)- koo = 1.362
Yy 0.232-1493.25-kN N Yy
1.0
N
Ed 260.36-kN
Cry| 1+ 08———| = 06/1+08 =0.961
Xy NRK 0.232-1493.25-kN
- 1.0
™I
< =
kyy < 0.961 kyy = 0.961
N M
Ed Ed 260.36-kN 4.28-kN-
——— +kyy Y - +0.961- = = 0.799 <10
Xy NRK My Ri 0.232-1493.25-kN 354.10% 3. 275 MPa
XLT 1.0 0.899-
M1 M1 1.0

- condition satisfied

N
E 260.36-k
d = 60.36-kN = 0.601 <1.0 - condition satisfied
X, NRic 0.290-1493.25-kN
1.0
M1
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9.6. Checking the column at the rigid end

MEd < MN.Rd - required condition

Warsaw 2011

In case of bi-symmetric | beams we can omit the influence of longitudinal force on plastics capacity in bending due to y-y axis,

when below condition is satisfied:

0.5-h f,

-
wwly
™m0

Afy  543.10% mm>275-MPa

025-Npj pq = 373313-kN

0.5h f,

wiwly 05104 mm-8-mm-275-MPa 0.5hy, ty £y

= —

MO 1.0 MO

= 114.4-kN

Ngq = 260.360 kN

— conditions not satisfied influence of longitudinal force cannot be
omitted

N
Ed 260.36-kN
= = - n=0.174
Npl.Rd 1493.25-kN

A—2bt 2 2
£ 543-10%mm> — 2-160-mm-13-
a= _ 24310 mm 60-mm-13-mm but a<05 a=0234
A 54.3.10% mm>

W, f 33
plLyy 354-10"-mm -275-MPa
MplLy.Rd = o 0 - MplyRd = 9735-kN-m

(1-n)
MNyRd = MplyR&T o5, °%  MNyRd<MplyRd

260.36-kN
1493.25-kN
1 -0.5-0.234

My yRd = 97-35-kN-m

My y.Rd = 91026:kN-m < My o pg = 97.35-kN-m

pl.y.R
M Bd = 52-53kN-m

My Ed 52.53-kN-m
= = 0.577 - condition satisfied
MN.yRd 91.026-kN-m

< 0.5
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9.7. Checking of horizontal displacements

Upax < ﬁ - in one storage schemas (without gantries)
5
H - height of chosen dead bolt to upper part of
foundation
{~d~ntad distance from floor to chosen part of
é1I§V: 5.56m

Max horizontal displacement :

A

u = 14mm

max E = 37.067-mm -condition satisfied
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Dimension of concentric plate:

Metal Structures I

10. COLUMNS CAP

Dimension of closing plate:

bpc = 30mm

tpc = 20mm

lpc = hg - 2-15mm = 160-mm + 2-15-mm — 2-15-mm— 1

10.1. Compressive strength of concentric plate

NEg4

04 = — < fd - condition

Aq

bg

hg

tg

=b+2-15mm = 160-mm + 2-15-mm> bg = 190-mm

=h+2-15mm = 160-mm + 2-15-mm> hg = 190-mm

= 12mm

pc = 160-mm

Area of compressive stresses considering concentric plate:

1'pc = 1pc — 2-5mm = 150-mm
b'pc = bpc — 2:5mm = 20-mm

Ag =15cbye = 3000-mm2

pc ~pc
Ngq = 260.36 kN

Page 11 of 24

Warsaw 2011



Metal Structures I Warsaw 2011

NEd  260.36-kN

04 = = - 04 = 86.787 MPa

A 2

d 3000-mm
f,
275-MP.
£y = 125 — = 1.25. 27 MPa £y = 343.750 MPa
1.0
MO0

04 = 86.787MPa < fd = 343.750 MPa -condition satisfied

10.2. Weld connecting the centric plate with closing plate:

f 0.9-f
\/O'pr2 + 3-(’rpr2 + THZ) <—2 Opr < —=
Bw M2 M2 bpc
Where: hg
o] - Gpr o
T Ty /:D[ bg 2
For steal S275 = = -
f, = 430 MPa ’ ‘ N 2
\ ) o
/@W/: 0.9
= 125
According to construction conditions:
O.2-tmaX <a< 0'7'tmin and a>3mm
a(tpe;tg) =a(20;12) — 4<a<84
adopted welds a=4mm.
Weld area: Ay, = a~(2~1m + 2-bm) = 4-mm-(2-160-mm + 2-30-mm) — Ay, = 1520~mm2
N
E 260.36-k
Stresses in welds: o= N d = 60.36-kN — o =171.289 MPa
2
T = 0 w 1520-mm
O = —= = 121.12MPa Tor = —= = 121.12MPa
V2 V2
2 2 fy
o.. +37T = 2.0,..=242.24MPa < — = 382.222 MPa - condition satisfied
pr pr pr B..-
. 7 YM2
o = 121.12MPa < 0.9—— =309.600 MPa -condition satisfied
Pr M2
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10.3. Weld connecting the closing plate with ribs/stiffeners:

thickness of tg = 12-mm
lat
Ph?cﬁness of t, = 1.6-a = 6.4-mm —  assumed /&A: 8.0mm
rib
width of rib b, = 0.5(b ~ ty,) = 0.5:(160-mm ~ 8-mm) = b, = 76-mm

— adopted A‘%{: 80mm

Adopted Weld connecting the closing plate with ribs/stiffeners: a = 5mm.

A= a(4b, +2t)) = Smm(4-80mm + 2.80mm) — Ay, = Ay = 1680-mm”

Aw.pc = 1520~mm2

AW.Z = 1680 mrn2 > Aw.pc = 1520~mm2

satisfied

10.4. Weld connecting ribs/stiffeners with web of the column

f
3-'rH2 < 4 - condition of weld (cause o,=0 and t7,=0)
Bw M2
thickness of web t., = & mm

%
Dimensions of

rib/stiffener:
iCKNess t, = 8-mm

conditio Aw.z > Aw.pc satisfied,
n
so condition of weld will be also

with b, = 80-mm
N
E
height hZ > —d
O.58~fu
4.a1.—
BW"YMZ
O.2-tmaX <ap < 0'7'tmin and ap 2 3mm

ai(ttw) =a1(8;8) —  1.6<a; <56

N
. Ed _ 260.36-kN o
z 0.58-f, 0.58-430-MPa
4-a;- 4 3mm s
Bw M2 o
NEg 260.36-kN

Adopted weld a; =3mm.

z.min

=97.87-mm  Adopted hZ = 100mm

= - = 216.967 MPa

T = =
M 4aph,  43.mme100-mm

fu

\/§-TH = 375.797 MPa < ——— =382222MPa
Bw M2

10.5. Weld connecting the closing plate with the profile

According to construction conditions:

0.2t 0 Sa<07t . oraz a > 3mm

a(tg;tw) =a(12;8) — 24<a<56

Adopted weld a=3mm.

-condition satisfied

Warsaw 2011
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11. COLUMNS BASE

Mg, = 53.65kN-m
NEg,= 260.36kN
Viq = 2547kN

11.1. Choosing and pacing of anchors

Adopted plate anchors @16 mm from steel S275

As = 201mm2 d=16mm
fub = 420MPa

Tensional forces resistance of bolts

0.9-Af, 2
s 'ub 0.9-201-mm-420-MPa
FrRrd = = — Frpq = 60.782kN

Placing of the

M
E :65-kN-

0.5Ngq + n'Frpq  0.5260.36-kN + 2-60.782-kN

dp

Przyjeto = 250mm

d
A
n = 2 -nrofanchorsin tension zone

Diameter of hole in base plate and

Qﬂf“’\f\"

Do =(5/3 +2)-d =(5/3 +~2)-24 =40-48 mm
Adopted D0 = 45mm

Dimensions of plate under the

anchor

thickness t; = 10mm

with b, = D, + 30mm = 75-mm

Distance e; - from anchor to edge of base

PA? Solt with diameter 14 <d <24 — A = 2mm
do =d+ A=18mm

1.2d0 <eq <4t+ 40mm = 21.6-mm < ¢; < 80-mm
Adopted distance ¢; = 70mm

Spacing p, of anchors along y-y
axis
24d, < pp < min(14t,200mm) = 43.2-mm < py < min(140-mm,200-mm)

Adopted spacing pp = 100mm

(dimensions e; and p, where calculated assuming that t = 10mm)
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11.2. Finding base plate

For calculations we adopted thickness of trapezoidal metal sheet /592 10mm

Dimensions of base

Iehageh Dy = dy +2-¢) = 250-mm + 2:70-mm ~ D, = 39mm

with Bp =b+ 2~tg +2-¢y = 160-mm + 2-10-mm + 2-80-mm Bp —340-mm — -

Thickness of base

Overhang of substitutional

....... +

¢ = 0.5b=80-mm
NN

Class of
foundation
C20/25 — fck = 20MPa

.. f
kK  1.0-20-MP
f.4= ce ek _ N f,q= 13.33MPa S
Ve 1.5

Designed strength on compression

2 1.0-20-MPa
id cd 3 15 fig=13.33MPa
Base plate is from steel S275

fy.p = 275MPa

3.f o
d ™Mo
L = 30.507-mm

L ~ gompy, [F1333MPa T t
p.min = € = oU-mm 275.MPa — 'p.min

fY'P

Adopted thickness of base plate = 35mm

11.3. Length of compressive zone

Step 1. M N
_Ed Ed  5365.kN-m , 26036kN
d, 2 250-mm 2
Xy = = — X, =76.073-mm
P B -f4 340-mm-13.33-MPa P
P
ly = Dp = e = 0.5x, = 390-mm ~ 70-mm ~ 0.5-76.073-mm — 1, = 281.964-mm
Step 2. M N
_EdEd s5365kN-m , 26036kN
la 2 281.964-mm 2
X = = —  x, = 70.706-mm
P By fig 340-mm-13.33-MPa P
la,= Dp = €] = 0.5:x, = 390-mm — 70-mm ~ 0.5:70.706-mm — 1, = 284.647-mm
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Because new |, differs from last one less then 1%, we can calculate new values of x, and l,.

Mgy N
_Ed Ed s365kN-m 260.36kN

Iy 2 284647 mm 2
X = = —  x,=7031-mm

£ “mm- . p
Bp f]d 340-mm-13.33-MPa

/la/\: Dp -ep - 0.5-xp = 390-mm — 70-mm — 0.5-70.31-mm — 1a = 284.845-mm

11.4. Checking the anchors

Finding the tensional force applied on fundamental

anchor
_ Mg — Ngg+(0-5D), = 0.5x,) _53.65-kN-m — 260.36-kN-(0.5-390-mm — 0.5-70.31-mm)
bt nl, 2.284.845-mm
Fpe = 21.122kN
Fbt = 21.122kN < FT.Rd = 60.782 kN - condition satisfied

11.5. Finding trapezoidal metal sheet
Distance between net force of ground pressureand 1 node steel plate

B
_ e b _ 340-mm _
Fg = fjd' 5 -xp = 13.33-MPa 5 70.31-mm - Fg = 159.329 kN

Length ofnode steel plate

D,-2x-h
L __P _ 390-mm — 2-10-mm — 160-mm L = 105-mm
g ) 2 g

Finding weld between trapezoidal metal sheet and I beam (according to construction
YY\QQCIII'PC\

a(tg;ts) =a(10;13)

O.2-tf <a< 0.7-tg = 2.66mm < a <7.0-mm

Adopted a = 7mm
FAAY

pl

-
&

el
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Height of trapezoidal metal sheet

weld stresses
&N 430.MPa
BBy V309125

fvw. d

Max compressive force on the edge of I-beam

Mgq  Ngg 53.65kN-m  260.36-kN

F = —+ =
cEd ~ 2 160-mm 2
F, pq = 465.493 kN
F
_ cBd  _ 465.493-kN
£ fygnma  220.676-MPa-2-7-mm

Adopted height of trapezoidal metal sheet

Width of trapezoidal metal sheet

L
S g _ 105-mm

L 2 105-mm 2
- L) o —
H 200-mm
g

Adopted width of trapezoidal metal

sheet

Thickness of trapezoidal metal

sheet
Distance between net force of ground pressureand | beam

g _ %~ Xp _ 390mm-160mm _ 70.31-mm

oy d = 220.676 MPa

g 2 2 2 2
. 2FgSg  Bg 2.159329-kN-79.845-mm , 200-mm
Mg 80  275-MP 80
Y g2 1—0a~(200~mm)2
SV '
Adopted thickness of trapezoidal metal sheet At/g/\: 10mm
Slenderness of trapezoidal metal
cheet
Lg 2- 3-Bg
== — 269282 < 185 - condition satisfied
ig 'g

Hg i = 150.671-mm

H_, = 200mm

Bg.min = 92.967-mm

B, = 200mm

Sg = 79.845-mm

tg = 4.813-mm

Warsaw 2011
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11.6. Welds connecting node steel plate with base plate

Finding the thickness of
weld:
al(tg;tp) =a1(10;35)

gt < < .
0.2 tp <a; <07 tg
assumption: A= 7mm

= 7.0mm < ap < 7.0-mm oraz aj 2 3mm

Cross-section area of

welds
Assumption: In calculation we do not consider welds

connecting node steel plate with base plate placed
between profile shelves due to hardships of welding.

Awin= 2~a1-(Dp - 2-x) + 4~a1-Lg = 2.7.-mm-(390-mm — 2-10-mm) + 4-7-mm-105-mm - Ay = 8120~mm2
Moment of inertia of

al-(Dp - 2-X)3 a1~Lg3 Lg h 2
JWy =2 B + 4. o + al'Lg'(_ + Ej

+ 7-mm-105-mm-

) 7-mm-(390-mm — 2-10~mm)3 4 7~mm~(105-mm)3

(IOS-mm 160-mm)2
T = +

wy 12 12 2
T = 74700135417 mm"
Wy— . m
Stresse
.
N Mp 0.5-(D. — x
Ed  MEgdq 26036-kN  53.65-kN-m-0.5-(390-mm — 10-
e (Dp )z + m-0.5-(390-mm — 10-mm) — o= 168.523 MPa
W Twy 8120-mm-> 74700135.417-mm’
= =% _119.164MP
O'pr = /J;pﬁ/\_ _\/E = . a
%
Ed  2547.kN
T = = - T = 3.137 MPa
par par
AW 8120~mm2 % i $

Bp

Dp
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Conditions:
f 0.9-f
2 2 2 u u
J0r+3-(Tr+Tréwn)£— and Oy S
P P Bw M2 P
fu - nominal tensional resistance of weaker part of connected
f, = 430 MPa Bw =09 v = 1.25
2 2 2 fy
O'pr + 3. Tpr + Tpar = 238.389 MPa < — = 382.222 MPa
Bw M2
0.9-f,
Opr = 119.164 MPa < —— = 309.600 MPa
M2

- conditions satisfied

11.7. Additional checking of welds connecting node steel plate with column

Thickness of welds a = 7mm adopted earlier.

In calculations we consider 4 welds connecting the column with node steel plate placed 'outside' the column (welds 'inside' where

omitted due to eventual difficulties in welding). Center of gravity is placed in the middle of height of node steel plate and in the
middle of height of column.

Geometrical characteristics:

Area of cross-section of weld
J“&w\: 4~a-Hg = 4.7-mm-200-mm - A= 5600rnm2
Moment of inertia due to x-x

3

a-H 3
g 7-mm-(200-mm) 6 4
Jox = 4 0 = 4. " = Jyx = 18.667 x 10 mm

Moment of inertia due to y-y

3
a-H 3
3 2| 7-mm-(200-mm) 2 _ 7 4
S = 4 + Hga(0.50)7| = 4-[ > + 200-mm-7-mm-(0.5-160-mm) } = Jyy = 5451 % 10 mm
Moment of
4
Jwo = Jwx T Jwy = 73173333.33 mm
Finding distance from the max stresses
poin’
2 2 2 2
r= J(O.S-h) + (O.S-Hg) = \/(0.5-160-mm) + (0.5-200-mm) — r=128.062 mm
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Stresses in

welds:
Normal stresses

NEd  260.36-kN

TN = =
Aw 5600~mm2

Vertical stresses

VEd  2547.kN

TV = =
AW 5600~mm2

Bending moment stresses

Metal Structures I

TN = 46.493 MPa

— Ty =455MPa

Warsaw 2011

~ [Mgg = Vgg-(0-5Hg)]x _ (53.65-kN-m — 25.47~kN-0.5~200~mm)-\/(0.5-160-mm)2 + (0.5-200-mm)°

T
M
Two

73173333.33~mm4

Ty = 89.437 MPa

h 160-mm
o = atan| — | = atan| ——— o = 79.38-deg
i 2r 2-15-mm
TMx = TM-COS(OL) = 16.482 MPa
™y = Tyvsin(e) = 87.905 MPa
Net stresses S
_ 2 2 MP
Ty = (TN + TMy) + (TV + TMX) = 136.033 a | A |
Condition L] | ]
Bg

Tw < fv wd

f

u 430-MPa
£y wd — £, wd = 220.676 MPa

Ty = 136.033 MPa < £y g = 220.676 MPa

) V3B M2 " 309125

- condition satisfied
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