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1. Introduction

The design is about 60 x 60 meter roof having 10% slope. It consists of sandwich
panel and designing truss system, purlin design. In other words, the project concept is
designing all part of the roof without column design. The best way such a long span
length distance design is using steel; therefore, there is steel roof designed in this

specific project. Sections are shown like below:
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2. Load Cases

Dead Load
e Assuming Truss Weight: 0.4 kPa
e Cover load + service load: 0.4 kPa

e HVAC: 0.2 KPa
Total Dead Load: 1 kPa

Snow Load

S= UxCoxCrxsy
s=08x1x1x0.75=0.6kPa

Snow Load: 0.6 kPa

Wind Load

e Terrain Category: lll ->z0=3m, Znin=5m
e V,=42m/s
e Peak Pressure:
o qp(2)=[1+7x1,(2)]x0.5xpx vy,(2)*
o vy (2) =c.(2) xcy(z) x vy, where c,.(z) = k; xIn(z/z,)
o] kt = 019 X (20/20,11)0.07
o ¢(z) =0.19x (0.3/0.05)°%7 xIn(z/0.3) = 0.21541n(z/0.3)

o vp(z) =0.2154In(z/0.3) x 1 x 42 = 9.046 In(z/0.3)

k 1
IU(Z) = [ ! =

co(2) x In(z/z)] 1 x1n(z/zo)

o

7 2
qp(2) = [1 + m] x 0.5x 1.25 x [9.046 In(z/0.3)]

z=36m->qp(z) = 2.89 KN/m?
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e Vertical Wind Direction 8 = 0

e = 60 meter,a = 5.71°

upwind facf Hdownmnd face
I T i| 7 *
a4 F| .
Section Cpe
N < F -1.64
wind E G -117
= G| H J I
—'/ O - ’ H 0.58
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- | I -0.59
“] ] |
b—sa/10  f—sl @10
(b) wind direction 8=0"
e Vertical Wind Direction 8 = 90
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(c) wind direction 8= 90°

Section Cpe
F -1.58
G -1.3
H -0.69
| -0.59




h/d=

Horizontal Wind Direction

Plan

3. Eave Height

[RR
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36/60 =0.6
b
Section Cpe
D 0.8
E -0.5

The point of determination of eave height is to optimize the forces acting on the truss

members. Increasing eave height leads to decreasing forces acting on the member. However,

due to the slenderness of the sections, increasing the section length too much is not efficient

way. Experiences show that eave height should be approximately one tenth of the span length

of the roof.

To determine eave height, 4, 5, 6 and 7 meter eave height trials are used with respect to

combination of dead load and snow load without factorized. At the end of the SAP analysis

indicates that increasing eave height decreasing bar forces until h = 6 meter. After this height,

bar forces become stable. There is no need to increase eave height after then due to the

slenderness increasing. Therefore, eave height is chosen 6 meter.



4. Load Combinations

Dead load: (DL = DLO + DL1 + DL2)

DLO: Self Weight

DL1: HVAC

DL2: Covering

Snow load: SL

Wind load: WX[+], WX[-], WY[+], WY[-]

By equation 6.10:
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LVA DL is unfavorable LVA DL is favorable
Comb1l 1.35DL Comb15 1.35DL
Comb2 1.35DL + 1.5SL Combl6 1.35DL + 1.5S5L
Comb3 | 1.35DL+ 1.5SL + 0.9 WX[+] Comb17 | 1.35DL+ 1.55L + 0.9 WX[+]
SL SL
Comb4 | 1.35DL+ 1.5SL+ 0.9 WX[-] Comb18 | 1.35DL+ 1.55L + 0.9 WX[-]
Comb5 | 1.35DL+ 1.5SL + 0.9 WY[+] Comb19 | 1.35DL+ 1.5SL + 0.9 WY[+]
Comb6 | 1.35DL+ 1.5SL+ 0.9 WY[-] Comb20 | 1.35DL+ 1.5SL + 0.9 WY[-]
Comb?7 1.35DL + 1.5WX[+] Comb21 1.35DL + 1.5WX[+]
WX[+] WX[+]
Comb8 | 1.35DL + 1.5WX[+] + 0.75SL Comb22 | 1.35DL + 1.5WX[+] + 0.75SL
Comb9 1.35DL + 1.5WX[-] Comb23 1.35DL + 1.5WX[-]
WX[-] WX[-]
Comb10 | 1.35DL+ 1.5WX[-] + 0.75S5L Comb24 | 1.35DL+ 1.5WX[-] + 0.755L
Comb11 1.35DL + 1.5WY[+] Comb25 1.35DL + 1.5WY[+]
WY[+] WY[+]
Comb12 | 1.35DL + 1.5WY[+] + 0.75SL Comb26 | 1.35DL + 1.5WY][+] + 0.75SL
Comb13 1.35DL + 1.5WY|[-] Comb27 1.35DL + 1.5WY|[-]
WYI[-] WYI[-]
Comb14 | 1.35DL+ 1.5WY[-] + 0.75SL Comb28 | 1.35DL + 1.5WY[-] + 0.75SL

* LVA: Leading variable action




By equation 6.10(a):
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LVA DL is unfavorable LVA DL is favorable
Comb29 1.35DL Comb43 1.35DL
Comb30 1.35DL + 0.75SL Comb44 1.35DL + 0.75SL
Comb31 | 1.35DL + 0.75SL + 0.9 WX][+] Comb45 | 1.35DL + 0.75SL + 0.9 WX][+]
SL SL
Comb32 | 1.35DL + 0.75SL + 0.9 WX[-] Comb46 | 1.35DL + 0.75SL + 0.9 WX[-]
Comb33 | 1.35DL + 0.75S5L + 0.9 WY[+] Comb47 | 1.35DL + 0.75SL + 0.9 WY[+]
Comb34 | 1.35DL+ 0.75SL + 0.9 WY|[-] Comb48 | 1.35DL + 0.75SL + 0.9 WY[-]
Comb35 1.35DL + 0.9WX][+] Comb49 1.35DL + 0.9WX[+]
WX[+] WX[+]
Comb36 | 1.35DL + 0.9WX[+] + 0.75SL Comb50 | 1.35DL + 0.9WX[+] + 0.75SL
Comb37 1.35DL + 0.9WX]-] Comb51 1.35DL + 0.9WX]-]
WX[-] WX[-]
Comb38 | 1.35DL + 0.9WX[-] + 0.75SL Comb52 | 1.35DL + 0.9WX[-] + 0.75S5L
Comb39 1.35DL + 0.9WY[+] Comb53 1.35DL + 0.9WY[+]
WY[+] WY[+]
Comb40 | 1.35DL + 0.9WY[+] + 0.75SL Comb54 | 1.35DL + 0.9WY[+] + 0.75SL
Comb41 1.35DL + 0.9WY[-] Comb55 1.35DL + 0.9WY[-]
WYI[-] WYI[-]
Comb42 | 1.35DL + 0.9WY[-] + 0.75SL Comb56 | 1.35DL + 0.9WY[-] + 0.75SL
* LVA: Leading variable action
By equation 6.10(b):
LVA DL is unfavorable LVA DL is unfavorable
Comb57 1.15DL Comb65 1.15DL + 0.9WX[-]
WXI[-]
Comb58 1.15DL + 0.75SL Comb66 1.15DL + 0.9WX[-] + 0.75SL
Comb59 | 1.15DL + 0.75SL + 0.9 WX][+] Comb67 1.15DL + 0.9WY[+]
SL WY[+]
Comb60 | 1.15DL + 0.75SL + 0.9 WX]-] Comb68 1.15DL + 0.9WY[+] + 0.75SL
Comb61 | 1.15DL + 0.75SL + 0.9 WY[+] Comb69 1.15DL + 0.9WY[-]
WYI[-]
Comb62 | 1.15DL + 0.75SL + 0.9 WY[-] Comb70 1.15DL + 0.9WY[-] + 0.75SL
Comb63 1.15DL + 0.9WX[+]
WX[+]

Comb64 | 1.15DL + 0.9WX[+] + 0.75S5L
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5. Design of Purlins

Purlins are designed according to load combinations. Active wind load system is

shown below:

F: Cpe : -1.64 (from 0°)
G: Cpe : -1.3 (from 90°)

° Wind load:
F->=-1.64x289=-473.96 kgf/m2

G ->=-1.3x289 =-375.7 kgf/m?

15m 15m 15 m 15 m

e Covering : 30 kgf/m? (DL)
e Snow load : 60 kgf/m? (SL)

Turkish Standart is used in order to determine sandwich panel:

F Section G Section

DL + SL = 90 kgf/m? DL + SL = 90 kgf/m?

DL + WL = - 443.96 kgf/m? DL + WL = - 345.7 kgf/m?

DL+ SL+ 0.5 WL = -148.98 kgf/m? DL+ SL+ 0.5 WL = -97.85 kgf/m?

DL+ WL+ 0.5 SL = -383.96 kgf/m? DL+ WL+ 0.5 SL =-315.7 kgf/m?

-345.7 kgf/m?is most critical for G section

-443.96 kgf/m?is most critical for F section
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From the ASSAN catalogue, 1000R7 is used and span length is determined as 2.8 meter

and 3.3 meter by interpolation.

2.8 meter -> 0 — 16.4 meter & 43.6 — 60 meter

3.3 meter -> 16.4 — 43.6 meter

e Determination of Ultimate Design Moment

Dead Load: s=2.8 m Snow Load:s=2.8m
Covering: 0.3 kPa sk=0.6x2.8=1.68 kN/m
HVAC: 0.2 kPa Wind Load: (F Section critical)

) . Pe=qp X Cpe =-2.89 x 1.64 = 4.74 kPa
Assume selfweight of purlin: 0.7 kN/m

Pev=-4.716 kPa

dk=0.5x2.8+0.7=2.1kN/m
wk =-4.716 x 2.8 =-13.2 kN/m

Charachteristic Moments: (L=12 m)
Due to the dead load: M; = (w L?)/8 = 37.8 kN.m
Due to the snow load: Mg = (w L?)/8 = 30.39 kN.m

Due to the wind load: M,, = (w L?)/8 = —237.7 kN.m

Most critical case is 1.00DL + 1.5WL

Ultimate Design Moment: M,, = (1.00)(37.8) + (1.5)(—237.7) = —318.75 kN.m

Ultimate Shear: V, = (1.00)(12.6) + (1.5)(—79.23) = —106.2 kN

10
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Try UPN400 Section
b: 110 mm h:400 mm tw:14 mmts: 18 mm r: 18 mm
A: 9200 mm? Wpy: 1240 cm3

Anv=9200-2x 110 x18+ 2 x (14 + 2 x 18) x 18 = 6140 mm?

Classification: Web: (400 — 18x2) =26 < 66.24 -> Class 1

Flange: (110-14)/18 = 5.3 < 8.28 -> Class 1

Moment Capacity: Mcra= 1240 x 1000 x 275 x 10® =341 kN.m

Shear Capacity: Vi, rd = 6140 x 275 / /3 x 103 = 974.8 kN

Buckling Resistant Moment:

m2x210x221x10°
(12000)2

X <81x82x104 + ) =92 kN.m

Mo = m2x210x846x10%
o = (12000)2

1240 x 103x 275 _ Loo
92 x 106 o

Cy=1(L=12m) ->,1LT=\/

@ =05x[1+0.76(1.92 — 0.4) + 0.75 x 1.922 ] = 2.47

Xir = 1/(2.47 +4/2.472 — 0.75x1.922 = 0.23

My ra = 0.23x 1240 x 275 x 1073 = 79.4 kN.m < M,

Since design moment is bigger than buckling resistance moment, UPN400 is not suitable.

An excel sheet can be done in order to find appropriate purlin section.

11
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Lcr Mcrlo cb Mcr Ianda LT fi LT XLT Mb,Rd MEd

UPN 400 6000 196.3366 | 1.75 | 478.0781 | 0.844555 | 0.936408 | 0.657404 | 224.1747 318.7
3000 | 478.0781 1 196.3366 | 1.317882 | 1.5001 0.40427 | 137.8561 '

IPN 500 12000 | 351.3161 1 351.3161 | 1.592538 | 1.743238 | 0.355945 | 317.1471 306.4
6000 | 761.5803 | 1.75 | 1332.766 | 0.81764 | 0.853022 | 0.752629 | 670.5927 ’

IPN 450 12000 | 238.0893 1 238.0893 | 1.664953 | 1.849439 | 0.332489 | 219.4429 311
6000 | 510.6513 | 1.75 | 893.6398 | 0.859391 | 0.889508 | 0.7264 | 479.4237

12000 | 154.9187 1 154.9187 | 1.744295 | 1.970314 | 0.30909 | 145.6893
IPN 400 6000 | 328.8021 | 1.75 | 575.4037 | 0.905077 | 0.93093 | 0.697747 | 328.8832 315
4000 | 537.2782 1 537.2782 | 0.936639 | 0.960461 | 0.678071 | 319.6086

IPN400 is choosed with 4 meter lateral supports

Moment aspect: Mprd = 319.6 KN.m > Mgg= 315

Shear aspect: Any= 11800 — 2 x 155 x21.6+ 2 x (14.4 + 2 x 14.4) x 21.6 = 6970 mm?
Vol rd = 6970 x 275 / /3 x 103 = 1106.67 kN > 106.2 kN

IPN 400 is sutiable with respect to moment and shear design

6. Design of Roof

In order to determine sections, all forces are applied to the purlins at the SAP model and
analyzed with respect to load combinations. All load combinations can be gathered into the
envelope. Therefore, the worst cases of all load combinations can be determined due to load

combinations in the envelope.

The most critical truss section is chosen and section axial forces is taken from this critical

case and the roof is designed with respect to these critical cases.

12
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Dead load and snow load acting on the roof

Fy

There are two different distributed load acting on the purlin which are for 2.8 meter
and 3.3 meter span lengths. (for dead load and snow load)

DL1 (Covering)

DL2 (HVAC) SL (Snow load)
=0.3x2.8=0.84 kN/m =0.2x2.8=0.56 kN/m =0.6x2.8=1.68 kN/m
=0.3x3.3=0.99 kN/m =0.2x3.3=0.66 kN/m =0.6x3.3=1.98 kN/m

13
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Wind load acting on the roof

There are four different direction for vertical wind load acting on the roof with respect
to +x,-x,+y,-y direction. There is also horizontal wind direction acting on the roof in +x,-x,+y,-y

direction. The critical point is arranging distributed load according to F,G,H,J,| sections.

Wx+ direction wind load

I g ' : 1@
S NAINE
'd?

Wy+ direction wind load

14
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6.1. Design of Brace System

Two different type of steel section is designed for brace system. First one is 14.7 meter for

2.8x3 = 8.4 meter span length. Second one is 13.7 meter for 3.3 x 2 = 6.6 meter span length.

XX

Type 1 Type1 | Type2|Type2

For type 1:
Most dritical N,; = 206 kN for compression

Most critical N,g = 302 kN for tension

For CHCF 244.5 x 10 section Y
Classification:

d 2445
T - 24.45 < 50e? = 50x 0.92% = 42.32 > class 1

 omox [P35 ey L gl 1 14647 1
L * 1275 i 2,° 83 864

¢ = 0.5x(1 + 0.21x(2.03 — 0.2) + 2.032) = 2.76 where hot rolled section a = 0.2

1 1
X = = = 0.216
b +PZ— 12 2.76 +2.76% — 2.032
XxAxf, 0.216x7367x275
Nb,Rd = = =438 kN - Nb,Rd > Ned =206 kN

Ym1 1

15



N.

pLRd =

Axf,

_ 7367x275

mo

1

x1073 = 2025 kN > N,4 = 302
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For second section, the same process is applied and the section is determined as

CHCF193.7x10.

The sections are tabulated below:

Most critical No.g = 140 kN for compression

Most critical N,q = 175 kN for compression

Type D T |Area| D/T |Classification| i A [0)] X Np ra
CHCF 244.5x 10 (244.5| 10 | 7367 | 24.45 Class 1 83 | 2.03312 | 2.759267 |0.216229| 438.0628
CHCF 193.7x 10 [193.7| 10 |5771| 19.37 Class 1 65 | 2.596138 | 4.121562 |0.136561 | 216.7265

After the new sections are applied into the model and after the results of analyzing,

sections are suitable under the most critical load combination. (Envelope)

CHCF 1921 9CHEE183.7 X8

CHCF133B139.7X8

CHCF 1 35H0®1 BBH’%IH 39.7X8
e
Eﬁ'}
83
’}
Jr;g

oo (=]
*, *
~ ~
i s} [ s}
o o
Q S %
é% N
= I 2
R
é c:}“zﬁ %
o o
] 2
X X
. .

AR

Horizontal wind bracing system is also designed as CHCF193.7x8 and CHCF139.7x8

respectively and again there is no problematic situations faced at the SAP model.

16
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6.2. Design of Top Chords

HE320A section is designed for top chord:

b = 300 mm Classification:

- Web:d/t = 225/9 = 25 < 43e = 66.24 — Class 1
h =310 mm
tw =9 mm Flange: SX=2279% = 7 64 < 8.28 - Class 1
ti=15.5mm

h
r=27 mm h/b = 310/300 = 1.03 <1.2
d=225m tr=15.5 mm < 100 mm

L) ;o
iz=74.9 mm Buckling curve ‘b’ -> 0.34

l;‘ z
— — " A=12440 mm?

Most dritical N,gq = 2476 kN for compression

Most critical N,z = 1703 kN for tension is obtained from SAP Analysis

Compression check:

More critical section: Length = 3 / cos(5.71°) = 3.32 meter

A, =939 235 864 — 1 ey 13320 1 0.51
L * 1275 i 2, 749 864

¢ = 0.5x(1 + 0.34x(0.51 — 0.2) + 0.512) = 0.684

1 1
¢ +p2— 12  0.684 +0.6842 — 0.512
XxAxf, 0.875x 12440 x 275
Nb,Rd = v = 1 = 2996 kN - Nb,Rd > Ned
mil

Tension check:

Axf, 12440x275
= X
Ymo 1

Npira = 1073 = 3421 kN > Npjgg > Neg

17
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Design of Vertical Bracing Member

6.3.

Two different vertical bracing member is designed with respect to considering Neq. Both

first 6 and last 6 vertical bracing member and 7 vertical member at the middle is designed as

2L120x15 and 2L150x15 respectively.

60 meter sections are more critical due to the horizontal wind loads.

Oandy=

y:

1-1’ & 6-6’ section

OGS LXKOZLTE

WS L XKOZLE

JONS LXOZ L2

WS L XOZLE

S X0 LIE

S L XOZ L€

FONS LXKOS ETIE

fOFS LXKOS LTS

fOVS 1L XO0S LTE

WS IEXOSLZ

VS LXOSLE

WS LXKOSLE

NS LXOSLETIE

WS LXOZLE

VS LXOZLTIE

fOS L XOZ L 1E

NS LXOZLTIE

fOFS LXKOZ e

fOVS LXOZ L TE

2-2’ section

SIS 1LXOZ LIS

S LXOZC L1E

FOS LXOZLE

JOVS LXOZ LTZ

FONS L XO0Z L E

VS LXOZ LTS

fOSS LXKOSLTIZE

FOVS LXKOS LTZ

SOVS LXOS LTEZ

VS LXOS LT1Z

SOSS LXKOS LIS

FOS LXOS LTZ

fMOVS LXOS LT1E

VS L XOoZ L 1E

FOVS L XOZLE

SOVS LXOZEE

FONS LXK OoZ LZ

FOVS LXOZ L1Z

SOS LXOZ LTE

18
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2L 120x120x15 section is designed for first 6 and last 6 member without main columns

B /__ ification:
b = 120 mm Classification
N N h—120<14 =12.88
I. h=120 mm t 15 £= e
tw =15 mm b+h_120+120_8<115 —10.58
200 2x15 T

tr=15 mm

Therefore, Class 3
iy=2=36.2 mm

/\ Since equal leg section is used,

- . A = 3390 mm?
buckling curve is ‘b’

Ll " +I . . Most dritical N,; = 817 kN for compression
v \ ‘//H\,._
é\/*f- Most critical N,q = 659 kN for tension is obtained

from SAP Analysis

Compression check:

Critical section: Maximum compression is occurred at first and last vertical member. (L = 3.28 m)

A, =939 235 864 — 1 bep 13280 1 1.05
L * 1275 i “2,. " 362 864

¢ = 0.5x(1 + 0.34x(1.05 — 0.2) + 1.05%) = 1.19
1

1
X = = = 0.567
¢+ Jp2—22 1.19+4++v1.19%2 —1.052
XxAx fy 0.567 x 3390 x 275x2 3
Npra = = x107° = 1058 kN = Nppq > Neg
le 1
Tension check:
Axfy 3390 x 2 x275 3
Ny ra = = x107° = 1864.5 kN - Npl,Rd > Ngg4

Ymo 1

19
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2L 150x150x15 section is designed for first 6 and last 6 member

—_— lassification:
b = 150 mm Classification
B h—150<14 = 12.88
N h =150 mm T e =12.
tw =15 mm b+h_150+150_10<115 e
200 2x15 E=
tr=15mm
Therefore, Class 3
iy=z= 46 mm
/\ Since equal leg section is used,
- . A = 4300 mm?
\ buckling curve is ‘b’
y ' - back to back distance = 0
_Pﬂ-_\q_ Most dritical N,; = 100 kN for compression
¥ a
.f\"/
z\/"' “ Most critical N,y = 117.4 kN for tension is obtained

from SAP Analysis

Compression check:

Critical section: Maximum compression is occurred at vertical bracing member havingL=5m

A, =93.9 235 86.4 —» 1 Lep 15000 1 1.26
L * 1275 i “2. " 46 ‘864

¢ = 0.5x(1 + 0.34x(1.26 — 0.2) + 1.262) = 1.47

1 1
¢ +JPp2—22 147+ V1.47%2 —1.262
XxAx fy 0.448 x 4300 x 275x2
Npra = = x1073 = 1060 kN — Npra > Neg
le 1
Tension check:
Axf, 4300x2x275 3
Npira = = x107° = 2365 kN - Npira > Neg

Ymo 1

20



CE482 FINAL PROJECT

Design of Diagonal Members of Truss

6.4.

There are two type of diagonal members designed.

Both first 4 and last 4 diagonal member of truss and rest of the diagonals are designed

as 2L 150x15 and 2L 110x14 having no back to back distance.

1-1’ section

2-2’ section

21
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2L 150x150x15 section is designed for first 6 and last 6 member without main columns

. -’x‘ oo . :
b = 150 mm Classification
- h 150
h=150 mm —=——=125<14=12.88
h t 12
tw =15 mm b+h 150+ 150
2()  2x15
tir=15mm
Therefore, Class 3
iy=z= 46 mm
/\ Since equal leg section is used,
5 A = 4300 mm?

buckling curve is ‘b’

=10 < 11.5e¢ = 10.58

¥ - e Most dritical Noq = 889 kN for compression

from SAP Analysis

Compression check:

é\/‘-,«f’ Most critical N,g = 1103 kN for tension is obtained

Critical section: Maximum compression is occurred at first and last diagonal member. (L = 4.1 m)

A, =939 235 864 — 1 Lep 1 _ 4100 1 1.03
L * 1275 i “2. " 46 ‘864

¢ = 0.5x(1 + 0.34x(1.03 — 0.2) + 1.032) = 1.17
1

1
¢+ Jp2—22 1.17+4++v1.17%2 —1.032
XxAx fy 0.576 x 4300 x 275x2 3
Npra = = x107° = 1362 kN - Nppq > Neg
Ym1 1
Tension check:
Axf, 4300x2x275 3
Ny ra = = x107° = 2365 kN - Npl,Rd > Ngg4

Ymo 1

22



CE482 FINAL PROJECT

2L 110x110x14 section is designed for middle 7 section

b = 110 mm Classification:
—.- h 110
.- h=110 mm - = <14e=1288
tw =14 mm b+h 110+ 110
20 = %14 = 7.85 < 11.5¢ = 10.58
tr=14 mm

Therefore, Class 3
iy=z= 33.1 mm
Since equal leg section is used,
A = 2884 mm?

buckling curve is ‘b’

\/ back to back distance =0

Most dritical N,z = 193 kN for compression

Most critical N,g = 203 kN for tension is obtained

from SAP Analysis

Compression check:

Critical section: Maximum compression is occurred at diagonal bracing member having L =6.85 m

om0y |25 ey gl 1_6850 1
L * 1275 i “72, 3317864

¢ = 0.5x(1 + 0.34x(2.4 — 0.2) + 2.4%) = 3.6

1 1
X = = = 0.16
¢+Jp2—212 3.6 +V3.6%2—242
XxAxf, 0.16x 2884 x 275x2
b,Rd = = x10_3 = 252 kN - Nb,Rd > Ned

1

Tension check:

Axf, 2884x2x275

N = =
pLRA Ymo 1

x1073 = 1586.2 kN = Ny pa > Neg
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6.5. Design of Bottom Chord

HE300A section is designed for top chord:

b = 300 mm Classification:

- Web:d/t = 208/8.5 = 24.5 < 43¢ = 66.24 — Class 1
h =290 mm
tw = 8.5 mm Flange: (300-2x27-8.5)/2 _ 8.48 < 9.2 —» Class 2

14

. tr=14 mm
r=27 mm h/b = 290/300 = 0.97 <1.2
d =208 mm ti =14 mm < 100 mm

Y ;o
iz=74.9 mm Buckling curve ‘b’ -> 0.34

l;‘ z
— L ' A=11250 mm?

Most dritical N,g = 2014 kN for compression

Most critical N,z = 2621 kN for tension is obtained from SAP Analysis

Compression check:

More critical section: Length = 3.3 meter

A, =939 235 864 — 1 Lep 13300 1 0.51
L * 1275 i 2, 749 864

¢ = 0.5x(1 + 0.34x(0.51 — 0.2) + 0.512) = 0.684

1 1
¢ +p2— 12  0.684 +0.6842 — 0.512
XxAxfy 0.875x 11250 x 275
Nb,Rd = = = 2707 kN ad Nb,Rd > Ned
Ym1 1
Tension check:
Axf, 11250x275 3
Ny ra = ” = 1 x107° = 3093 kN — Npl,Rd > Ngg4
m
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1.00

0.90

0.70

0.50

0.00

Purlins are not seem to be suitable since there is not any bridging leading to lateral support
at purlin section at the SAP model. In addition, although when main column of truss which is
HE1000M is not problematic by hand calculation (also overdesign), SAP indicates these
columns as failure. This situation is ignored and hand calculation is used as HE320A for main

columns.
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6.6. Design of Connections

e Splice Plate Connection

Beam splices
Material data: | Section Properties (HEA300)
- - - -
Cover-plates grade S275 to EN 10025-2. b = 300 mm, R
- Steel grade S275 _*__—-
h =290 mm r fi
- Yield strength f, = 275 N/mm2
tw =8.5mm
- Ultimate tensile strength f,= 430 N/mm?2 h y—=Ff— dh
Bolted connections data tr=14 mm ——f=tw
i
- Category of bolted connections Category C r=27mm ._+—L
- Bolt Class 10.9 d =208 mm S -
- Yield strength f,, = 900 N/mm2 i,=74.9mm

- Ultimate tensile strength fu, = 1000 N/mm?2 A =11250 mm? , 1,=18260 cm*, Wy = 1260 cm3
For flanges cover plates

- Nominal bolt diameter ds = 30 mm

- Hole diameter dof= 33 mm
For web cover plates

- Nominal bolt diameter dw = 18 mm

- Hole diameter dow = 20 mm

The bending moment and shear can be ignored due to the very low results. Only axial
force is considered during design.

Nog = 2621 kN Vgg = 11 kN
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Design of Web Connection

Category C connection -> the design tension resistance is:

_ _ Aner X fy
Nt,Rd - Nnet,Rd - ¥y
MO

For the cross section, we consider 8 fastener holes for fasteners (4 by flange, 2 for the web)

Aner = 11250 — 4x33x14 — 2x20x8.5 = 9062 mm?

9062 x 275
Nira = Nnetra = ————*107° = 2492 kN
The axial force distribuition between web and flange is mainly based on the ratio of the web

and flange cross section.

) NggA,  2621x2227
A, = (h—2t7)t,, = (290 — 2x14)x8.5 = 2227 mm? > Ny, = = = 518.8 kN

A 11250
_(A-A4A,) Ngg — Ny,, (2621 —518.8)
B 2

Af = (11250 — 2227)/2 = 4511.5 mm? - Ny = = = 1051 kN

2 2

Design Shear Force, Fyd

For the component web

Fv,edw= Nw/8 = 518.8/8=64.85 kN
For each component plate

Fv,edp= (Nw/2)/8 = 32.4 kN

Design Slip Resistance Fsrqd
Assumptions:

- Boltsin normal holes -> ks=1.0

- Class friction surfaces = Class A-> u=0.5
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Agyy =192 mm? » E, . = 0.7 x fup, x Ag,y = 0.7x192x1000 = 134.4 kN

n = number of the friction surface - n,, = 2 for web, n, = 1 for plate component

Fs,Rd,w -

Forap == = Foe =735

_ ksnyu _ 1x2x0.5
Yz € 1.25

ksn,u _ 1x2x0.5

Design Bearing Resistance

Plate Component (Web)
=21 —pl.— p1.—4
el
p2
e?
For bolts

. (90
Xp edge = Min (@ ; 1) =1

For end bolts pend = 1111

k = '(14 60 1.7; 2.8 29 17'25)
1edge = Min Axos =17 2.8x o .7; 2.

kl edge = 25

60

X inner = Min (— —0.25; 1) =0.75

60

60
K{ inner = min (1.4 x——1.7; 2.5) =25

20

For inner bolts @y ipmer = min{

28

x134.4 = 107.52 kN

x134.4 = 53.76 kN

e 90 mm
P1 60 mm
ez 90 mm
p2 60 mm

Max pi=max p2= 14 x t =59.5=60 mm

Jl €1 :fub:
13"1‘0 fu

1.0}-

k =1111'_11-11.4£—1.?:2.8€—1—1.?:2.5
hend 1 dy dg

P1 _l-fi-l 01.
3dD 4f_u 21, J

1.4£—1.?:3.51-
do f

-

Ky ipper = Min {



ky edge — K1 inner = 2.5
Xpinner = 1

Xp edge = 1

kix o xfy,xdxt

CE482 FINAL PROJECT

2.5x1x430x20x8

forbolt1l > Fypqq1 = s = 2x 175 = 275.2 kN
kix o xfyxdxt 2.5x0.75x430x20x8
forbolt 2 - Fpras = = 2x = 206.4 kN
e Ym2 1.25
Fyrap = 206.4 kN
Web Component
e 90 mm
p1 60 mm
ez 115 mm
p2 60 mm
For bolts:
/115
Xp edge = Min (E ;1) =1
_ 60 115
kl edge = min (14 X% - 17, 2.8x W - 17, 25)
k1 edge =25
/60
Xp inner = Min (@ —0.25; 1) =0.75
120
K{ inner = min (1.4 x———1.7; 2.5) =25
20
kix < xfyxdxt 2.5x1x430x20x8.5
for bolt1 - Fyra1 = = = 146.2 kN
o Ym2 1.25
kix < xfyxdxt  2.5x0.75x430x20x8.5
forbolt2 > Fypq, = = =110 kN

Ym2

Fb,Rd,W = 110 kN

29
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Checking bolts:
For web

- Design bearing resistance: Fj, g4, = 86.47 kN < F, g\, = 110 kN
- Design slip resistance: F, g4\, = 86.47 kN < Fg g\ = 107.52 kN

Group of fasteners ( considering shear plane does not pass through the threaded portion)

<, xfupxA  0.6x1000x254.47
Fyra = = 175 = 122.15 kN

Ym2

Fy, ra < Fp raw -> Shear governs.

Fgrpraw = 8 X122.15 = 977.2 kN > Ny, = 518.8 kN

For plate

- Design bearing resistance: Fy, g, = 32.4 kN < F}, pq,, = 206.4 kN
- Design slip resistance: Fy, gq, = 32.4 kN < Fgpqp, = 53.76 kN

Design of net cross section
Web component

- Net cross section: Ay, ner = Ay — 3dgwty = 2227 — 3x20x8.5 = 1717 mm?
- Design resistance: Ny, nerra = AW";etxfy = 717X275 _ 47217 kN
Mo

- Nynetra = 47217 kN > Y F, g, = 2 x 64.85 = 129.7 kN

Plate Component

- Net cross section: Ap per = Ap — 3dgwt, = 1920 — 3x20x8 = 1440 mm?
_ ApnetXfy _ 1440x275 _ 396 kN
YMmo

- Design resistance: Ny et ra =
pnetra = 396 kN > ¥ Fypq = 2 x 32.4 = 64.85 kN

N.
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Block Tearing:
- Web component:
Ape = 2xp, — 2xdy)xt, = (2x60 — 2x33)x14 = 680 mm?

Apy = 2x(e; + py — 1.5dy)xt, = 2x(90 + 60 — 1.5x20)x8.5 = 2040 mm?

fuxAn (1N (fuxAn\ 430x680 /11 /430x 2040
Veppana =224 () (2 2) = +(5) (50—

V3 1.25 1.0

Veff,l,Rd == 740 kN > NN,W = 518.8

) =740 kN

Ym2 Ymo

- Plate component:
Ape = (2xe; — 2xdg)xt, = (2x90 — 2x20)x8 = 1120 mm?

Apy = 2x(e; + p; — 1.5 dg)xt, = 2x(90 + 60 — 1.5x20)x8 = 1920 mm?

foxAn (1N (fix Ay 430x1120 /11 /430 x1920
ot (H) ) - (5 (0

/3 1.25 1.0

= 862 kN
7 )

Veff,l,Rd =

Ym2 Ymo

v 4 =862kN > Nuw _ 259.4kN
eff,l,R 2

Design of Flange Connection

1051
Ny = 1051 kN = Fy i = —5— = 13138 kN

Design Slip Resistance FsRrq
Assumptions:

- Bolts in normal holes -> ks= 1.0

- Class friction surfaces = Class A -> u=0.5

Agr =303 mm? - E,c =0.7x fup x Agy = 0.7x561x1000 = 392.7 kN
n = number of the friction surface - n,, =1 for flange, n, = 1 for plate component

ksneu 1x1x0.5
Fsraw = Fspap = ——Fyc = ——==—x392.7 = 157.1 kN
YMm3 1.25
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Plate Component

O O O
O O O

CE482 FINAL PROJECT

e1 90 mm
p1 100 mm
ez 90 mm
p2 100 mm

Plate of the flange is designed as same as the the plate of the web. Therefore;

kix < xf,xdxt

2.5x1x430x20x8

forbolt1 - Fypgq = " 2x 175 = 275.2 kN
kix < xf,xdxt 2.5x0.75x430x20x8
forbolt 2 - Fypa, = = 2x = 206.4 kN
o Ym2 1.25
Fyrap = 206.4 kN
Flange Component

e 90 mm
pP1 100 mm
e 100 mm
p2 100 mm

kix o xfyxdxt  2.5x1x430x20x14

= 240.8 kN

forbolt1l > Fypaq1 =
Ym2

kyx o, xfyxdxt  2.5x0.75x430x20x14

1.25

forbolt 2 > Fypqo =
Ym2

Fb,Rd,f = 1806 kN

175 = 180.6 kN
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Checking bolts:
For flange

- Design bearing resistance: Fy, gq y = 131.8 KN < Fj, pq r = 180.6 kN
- Design slip resistance: F, gqr = 131.8 kN < Fg gqr = 157.1 kN

Group of fasteners ( considering shear plane does not pass through the threaded portion)

o<, xf,pxA 0.6x1000x855
v fup XA _ =410 kN
Ym2 1.25

Fv,Rd =

Fy, ra > Fp paw -> Bearing capacity governs.

Fyrbraw = 8 X 180.6 = 1444.8 kN > Ny,, = 1051 kN

For plate

- Design bearing resistance: F;, gq,, = 131.8 KN < Fj, pqp, = 206.4 kN
- Design slip resistance: Fy, gq, = 131.8 kN < Fgpqp, = 157.1 kN

Design of net cross section
Flange component

- Net cross section: Af et = Af — 3dg sty = 4511.5 — 3x33x14 = 3125.5 mm?

A X fi 3125.5x 275
fnet 70y — = 859.5 kN
YMo 1

- Nynetra = 859.5kN > Y F,pyr =2 x 131.8 = 263.6 kN

- Design resistance: Nf netra =

Plate Component

- Net cross section: Ap per = Ap — 3dgwt, = 1920 — 3x20x8 = 1440 mm?
_ Ap‘netxfy — 1440 x 275 — 396 kN
YMmo

- Design resistance: Ny netra =
Npnetra = 396 kN > % F,pq. = 2 x 32.4 = 129.6 kN
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Block Tearing:
- Flange component:
Ape = 2xp, — 2xdy)xt, = (2x100 — 2x33)x14 = 1876 mm?

Apy = 2x(e; + py — 1.5dg)xt, = 2x(90 + 100 — 1.5x33)x14 = 3934 mm?

fuxAn (1N (fuxAn\ 430x1876 1\ /430 x 3934
Veppana =" 2+ () () = 7)o

V3 1.25 1.0

Veff,l,Rd == 1622 kN > NN,W = 1055 kN

> = 1622 kN

Ym2 Ymo

- Plate component:
Ape = (2xe; — dg)xt, = (2x90 — 2x33)x14 = 1596 mm?

Apy = 2x(e; + py — 1.5 dg)xt, = 2x(90 + 100 — 1.5x33)x14 = 3934 mm?

foxAn (1N /fix Ay  430x1596 11\ (430 x3934
M) () - +H5) oo

Ng 1.25 1.0

Verfira = 1526 kN > Ny, = 1055 kN

Verrira = ) = 862 kN

Ym2 Ymo

There are 2 rows 8 bolts at the flanges, 2 rows 8 blots at the web due to the splice
plate connection.

¢ Welded Connection 1

Braced tube section (CHCF244.5x10) connected to the top chord of the truss.

34



CE482 FINAL PROJECT

Maximum tension = 367 kN
Section properties: D =244.5 mm, T = 10 mm

Select a mm weld with a >3 mm

430 1
- Ngg =367kN - Fypqg =axmx244.5x 5 X m=367000—>a=2mm

- A=m(244.5% — 235.5%) /4 = 3393 mm?
Ny ra = 0.9 x 430 x3393/1.25 = 1050 kN
430

NG X 1752 065 367000 - a = 5.85mm

> Fypqg = axmx244.5x

a =4 mm is chosen for welded connection.

e Column - Base Plate Connection
Material Strength:

- Steel Grade S275 f, =275 Mpa
- Concrete C35/45 fu =35 Mpa
- HE320A

Column flange thickness is tr = 15.5 mm. The thickness of the base plate shoould not be less
than the thickness of the column flange. Therefore, use a base-plate thickness t > tf

t =20 mm (say) Determine the maximum potential effective bearing width, c, of a plate

0.5
c=t (3]{#) where (Annex L.1 (3))
35
fy = Bikifoa = foa =% = 72 = 23 N /mm? (Annex L1 (6))
B; = 0.67
. . a1b1 0.5
k; is the concentration factor = (?) (Annex L.1 (7))

Letsaya=b =550 mm

35



Let’s assume column is 1x1 meter f

b=550

1000

b, = 225

b=550

a, =225

a1 = lesser of;

- a+2a=550+2x225=1000 mm
- 5a=5x550=2750 mm
- a+h=550+30000 (elevation) = 30550 mm

a1 =1000 mm

due to the square, b1 = a1

a, by 1000 x 1000 \**°
b = (%) - ( ) = 1en
ab 550 x 550

fi = 0.67 x 1.81 x 23 = 28 N/mm?

Ymo = 1.0, f, = 275 MPa
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t Iy ” 20( 275 )0'5 36.17
= el = = .
“ = 3 Ymo ¢ 3x28x1 mm

The figure shows that the effective area of the base plate is based on a cantilever projection

of 36.17 mm from the column. The bearing stresses are therefore distributed in an | shaped
profile.

550

36.2 300 36.2

_3.5 2
/|

550
310
382.4

1545 —

I-—EUE.E _—

36.2
.

372.4

1

Effective area: A,ry = (310 + 2x36.2)(300 + 2x36.2) — 2x206.6x154.5 = 78566.4 mm?

. . N 1001000
Design bearing pressure = —% = ———

_ 2
Aeff ~ 78566.4 12.7 N/mm

Bearing strength = f; = 28 N/mm? > 12.7 N /mm? -> satisfactory

37



CE482 FINAL PROJECT

- Shear Resistance

N,
Ngq = 1001 kN (from SAP analysis) — %d =0.2x 1001 = 200.2 kN

Vsa = 75 kN (from SAP analysis) < 721 kN — satisfactory

- Plate dimension

Minimum width of plate required = b + 2c = 300 + 2x36.2 = 372.4 mm
Minimum depth of plate required = d + 2c = 310 + 2x36.2 = 382.4 mm

Use 550x550x20 mm thick S275 base-plate

- Welding requirements

fu

Vsa = 75 kN and weld shear strength f, =—
* e ﬁwyMw x \/§

where

fu =430 N/mm?,B,, = 0.85,yy,, = 1.35
430

0.85x1.35x V3

fowa = = 216.3 N/mm?

Using 6 mm fillet weld: -> Throat thickness, a = 0.7 x 6 = 4.2 mm
Resistance of weld/mm: F,pq = fowaXxa=2163x4.2=908.46 N/mm

75000
908.46

length of weld required = =83 mm

7. Masses and Weights Analysis of the Roof

Groups 3 - Masses and Weights

File View | Format-Filter-5Sort | Select  Options
nits: Az Maoted Groups 3 - Mazzes and Weights
GroupMame Selfdaszsz| Selfweight| TotalMaszsX| TotalMazsY | TotalMassz?
Text K.of-s2/m K.aof K.of-s2/m K.of-s2/m K.of-s2/m
4 ALL 0206, 47 0210823 30206, 47 J0206.47 3020647
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