X.1. Section Properties
The following sheet is intended as a demonstration template to show the capabilities and drawbacks

of swapping over to Mathcad to perform our calculations. The sections can be identified by typing
them in as "section type_size" with no spaces, all section ID's are available in the attached
spreadsheet.

ID:="UB_203x133x25" L:=4.-m Beam length
ORIGIN :=1
Mass per metre | Depth of section | Width of section Thick
Web
ID, = excel k
e “A5:A1357" Massp er meter e = excel . 9
B - ‘8581357 m  h,:=excel .
b, :=excel - tyep o :=6XCE! -m “C5:C1357"
“D5:D1357° - “E6:E1357" n Eabae o= excel .
<| et o :=6€XCEl i lyy o:=excel -m - ‘FEF1357"
o = "G5.G1357" = “H5:H1357" l;7 o=excel =
| 2]] cyy ci=excel . Czz o:=6€Xxcel -m - 15:11357"
@ = “J5:J1357" - “K5:K1357" a Ryy o:=excel .

m
w, :=excel . "L5:L1357"
el_YY e = : 3
LYY_ N5:N1357 3 Welf_ZZ_e :=excel

Rzz o:=excel !
“05:01357"

+m
“MS.M1357" 3

Wy, yy o:=excel W, 7z o+=excel

-.m .
p “P5.P1357" p QBT 5, A oi=excel 4
ROOLgius o= exce'{ss_sws?" i Ay o= exce{"'rs.'msr' i e Thi
idx := match (ID, IDE)1 =103 "
h:=h. =203.2 mm Massper_mei'er = "M"E“SS,r:.\.*=J1"_m.c,-!'er_er.a,,t =251 ;g
b:=b, =1332 mm ROOt g5 = ROOt ggys o =7.6 mm
Liapi= r“'eb_%xz 5.7 mm : :
rx\?angre = rﬂange_emx =7.8 mm Asection = Asecn’on_el. T (3-2 -10 ) mm
et = dﬁ,r.*er_em =172.4 mm Al Av"e.d =(1.285.10°) mm®
MAJOR AXIS PROPERTIES MINOR AXIS PROPERTIES
Iyyi=lyy o, = (23.4.10°) mm* lz=lsz e = (3.08-10°) mm*
CYY:: CYY—e.l‘d = 1 01 6 mm sz = sz_e_ = 666 mm
RYY = RYY—ejdx = 85.6 mm RZZ = Rzz_emx = 31 mm
Wey yyi=We, vy o =(230-10°) mm’ Wey 2= Wy 27 o, = (46.2:10°) mm’
Wor =Wy yy o =(258-10°) mm® Wy 22:= Wy 7 o =(70.9-10°) mm’®
Material Properties
Universal beam (UB) ¢
If using materials with a
b =
z E:=210-GPa thickness greater than 16
l:?mt . f,:=275- MPa mm a reduced yield

strength should be used.

; As per BS EN 10025-2.
e UTS:=430 MPa  Note: Double click
section picture to select

; appropriate image.
—— / 235.MPa
F i ‘ £:=4/————=0.92
é’ I-Lf fy




Section Geometric Properties

h=203.2 mm diet=172.4 mm Cyy=101.6 mm L=4m
b=133.2 mm
twep="5.7 mm
trange=7-8 MM A ion= 3200 mm’®

Root,4ius=7.6 mm  c,,=66.6 mm

Derived Section Properties

Second Moment of Area Elastic Modulus Plastic Modulus

lyy=(23.4.10°) mm* W, ,,=(230.10°) mm®> W, ,,=(258-10°) mm®

l;z=(3.08-10°) mm* W, ;,=(46.2.10°) mm® W, ;,=(70.9-10%) mm’

Radius of Gyration Shear Area
Ryy=85.6 mm

kg
M =251 =
Av: (1 .285.1 03> mm2 assper_meter

Section Classification

As per BS EN 1993-1-1:2005, the section should be classified according to table 5.2. The results
from the flange classification will determine which section modulus to use for the moment resistance
of the section.

Web Classification:

Flange Classification:

X.2. Loading Arrangement

X.2.1: Loading Arrangement
In the following section permanent actions on the beam shall be denoted by the subscript G and

variable actions on the beam shall be denoted by the subscript Q. UDLs applied over the entire
beam length can be entered in the appropriate UDL box. For a conservative assessment UDLs
acting over a partial section of the beam can be represented by an equivalent point loading.

x Note: The loading

N arrangement
— diagram can be
altered by double
A A clicking. This will

open the power
point.




Load factor for Load factor for Reduction

Ve:=1.35 permanent actions. Vo=15 variable actions.  $=0-925  factor
(permanent).
UDLs Point L oads Distance relative to R1
UDL ;= Mass . g=0.246 . 6 1.3
selr™™ per_meter* =7 m Fg:= [8] -kN Xgi= [2.8] .m  Permanent

UDLy4:=0 L Permanent UDL.

m

kN . .
UDL,:=0 — Variable UDL. Fq:=[4]-kN Xq=[0.8]-m  Variable

m

'The following collapsible area shows the equations for determination of shear force and moment |
| equations for the beam.

| Define index i and j for shear point load ~ Ni:=rows (FG) nj:=rows (FQ)
| permanent and variable vectors:

i==1..ni ji=1..nf
| Shear force equation for permanent actions: Vg(x):=||forie1..ni
' L-—xg —Xg
! !
VG'_+— if X<Xg,s ANLETE) . YG'FGJ.
Ve
| Shear force equation for variable actions: Vo(x):=|forje1..nj
' L-—xq Xg
J J
Vo —if|x<xqg,—,——|Vg*F
Q Q D Ya Q
| Determine the combined distributed VQ
| loading:
: WU = UDLSEI’f-l_ UDLQ’ VG + UDLq . VQ
| Shear force equation for combined UDLs: V., (X) = [% — X] W,

| Total shear force is summation of shear force:
Viotar () 1=V, (x) + Z (VG (X)‘.) =+ Z (VQ (X)j) e i e R1:= Vo1 (0 m)=14000 N
. / J " R2:=V,,,(L)=-11885 N

Design shear
Vep:=max(R1,R2)=14000 N

| Distributed moments:

UDL_+x-y,
Mo () 1= (L—x) - mamiagid

UDL;+x+yq

Mg(x] = (L+X). 5

UDL e
St My (x) = (L—x)-

| Moment equation for permanent actions: Mg (x):=|{for i e 1..ni
' L-xs | Xg
) i

Mg —if|x<xs , "X, ——(L=X)|-Ve*Fg,

Mg



| Moment equation for variable actions: Mg(x):=|forje1..nj
' L—Xxg | Xxqo
] ! 1
X, —o(L—x)]- « F
) ( )|-Va Q

Mg —if [x< Xqg s
J i

Mq

| Total bending moment is summation of moments:
Miotar (X) = Meyr(x) + My (x) + Mg (x) + 32 (MG (x),.) =5 B (Mg(x)j)

| j
| Split beam into k-nodes::
|n:=500 k:=1..n+1

L Design moment

i £

M =M —«(k=1)| x,:=0 .L

I R "n Mgy:=max (M) =14990 N-m
| The deflections in the beam can then be determined from conjugate beam theory for each of the loading types.

| Permanent Loading:

L XX

g
Feon 6= | Megir(x) + M, () + 2 Mg [)4r)j dx FXXoon 6 008 = J Mg (x) + My (x) + 2 Mg [)4.')j dx

B 0
£
Migir(X) - X+ My (x) - x+ | 32 Mg (x)i] -xdx

;XconLG =2 ELLL
' conj_

JMseff(x) X+ Mg(X)-X+(;MG (x)’_) cxdx

| XXoon; 6 (XX) 1= 9

FXXconj_G (XX)

(L — Xconj_G)

:Rconj_G = Fconj_G' i

86 (XX) 1= Regp; 6+ XX — FXXgopi 6 (XX) + (XX = XXgop; 6 (XX))

Fom = | My() + 5 Mo x) dx Fitoon, o (300) = [ M, () + 33 Mo x) dx
M, (x) - x+ (ZMQ (X]J «xdx J M, (x) -x+{z Mq (x]j] «xdx

' 0 -0
| Xconj @*= 5 XXconj Q (xx):=
| conj_Q

Fxxcon;_Q [XX)

| L—x_ .
fRCO-’?LO: mnj_Q’@




: 60 (XX) A= Rconj_Q * XX — Fxxconj_Q [XX) T (XX —XXconj Q (XX))

| Total deflection:

[

|n:=500 k:i=1..n+1 X5R:= (k—1)-(£] X61 :=0.00000001 m
| n

: 6rora-’(xx) = ]
| Rt a3

| (5k = Oyotal (X(?k)

Ojimit*= %

20

(86 (xx) +6q (xx))

Bpmax = Max (6) =5.254 mm

kmafch_x :=match (6max 1 6)

18+

16+

14+

12+

10+

6total <Xp> (m m )

v

400-107% 800-1073

5.147
5.154
5.161
5.166
5.172
5.177
5.182
5.188
5.192
5.197
5.202
5.206
5.21

5.214
5.218
5.222
5.225

1.2 1.6

mm

2.8

3.6



5.229
5.232
5.234
5.238
5.24

5.242
5.244
5.244




