REINFORCED CONCRETE
& BASIC RESTRAINED STEEL
BEAM DESIGN

‘Course B’ Module 1 -
| ntroduction to the material
properties, durability,
resistanceto fire, minimum
cover, nominal areas and bar
spacing asoutlined in EC2
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Table 1: Partial factors for materials for ultimate limit states

Designsituations —~y, forconcrete i forreinforcing teel Y for prestressing steel

Persistent & Translent 15 115 115
Accidental 1 10 10
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Table 3. Characteristic compressive strength, f ., mean compressive strength, f .,

characteristic tensile strength, f ., (in MPa) and secant modulus of elasticity, E ., (in

MN/m?) of concrete, by strength class.
Strength

class of C20/25 (C30/37 (C40/50 (C50/60 C60/75 (C70/85 (C80/95 (€90/105
concrete

fu 2000  30.00 40.00 50.00 60.00  70.00  80.00  90.00
fo 2800 3800  48.00 5800 6800 78.00 9500  98.00
Foon 1,5 2,0 2,5 2,9 3,1 ) 3,4 3,5
Foon 2,9 3,8 4,6 5,3 5,7 6,0 6,3 6,6
E. 30.00 33.00 3500 3700 39.00 41.00 4200  44.00

The design values of the compressive and tensile strength of concrete are calculated from the
following expressions
1:cd: acc 1:(:k / Ve and 1:ctd: act f(:tk0.05

[ ye
where:

Ve Isthe partial safety factor for concrete. The recommended valueis 1,5 for
persistent and transient situations and 1,2 for accidental situations.

O, O arecoefficients taking account of long-term effects and the way the load is



TIME-DEPENDENCE OF CONCRETE
MECHANICAL PARAMETERS -
COMPRESSIVE STRENGTH

When concrete compressive strength is needed for ages other than 28 days (e.g.: demoulding, prestress)
and no tests are to be conducted, the characteristic value at time t, fck(t), may be approximated from the
expression:
foxy = fomp — 8 [KN/MP],  for 3< t < 28 days,
fexy = fo for t > 28 days.
Compressive strength depends on the kind of cement and the curing temperature and conditions. When
the concrete is cured under normal conditions, the mean value may be estimated as:

fcm(t) - :8 CC(t) fcm

Taking:
Bee(t) = exp{s[1-(28/)1/2]};
where:
feme IS the mean concrete compressive strength at aget (in days),
o IS the mean concrete compressive strength at 28 days,
Pec(t) is a coefficient depending of the age and type of cement,
t isthe age in days,
S is a coefficient depending on the cement class

s= 0,2 for cement classes. CEM 42.5 R, CEM 53.5N and CEM 53.5R (Class R)
s= 0,35 for classes CEM 32.5 R. CEM 42.5 N (Class N)
s= 0,38 for classes CEM 325N (Class S



Table 4 - Characteristic concrete

compressive strength at different
ages (in kN/m?).

Jex Age [days]
[kN/m” 3 ' 7 14

30 17,2 23.1 270
Class R.

50 30.5 395 45 4
s =020

70 43.7 55,9 63.8

_ 30 10.5 18.8 24.9

Class N. _ _

50 203 324 42 2
5=0.235

70 30.0 47.0 595

30 9.4 15.0 24 5
Class S. _ _ _

50 18.6 317 41.6
s=0238




TIME-DEPENDANCE OF CONCRETE
MECHANICAL PARAMETERS - TENSILE
STRENGTH

The development of tensile strength with time is strongly influenced by
curing and drying conditions as well as by the dimensions of the
structural members. As afirst approximation it may be assumed that the
tensile strength f ., 1S equal to:

fctm(t) - (ﬁcc(t) )a ’ fctm (34)
where s, follows from Expression (3.2) and

a=1fort< 28
a = 2/3 for t > 28. The values for ., aregivenin Table 3.1.

Note: Where the development of the tensile strength with timeis
Important it is recommended that tests are carried out taking into account
the exposure conditions and the dimensions of the structural member.



TIME-DEPENDANCE OF CONCRETE
MECHANICAL PARAMETERS — ELASTIC
MODULUS

The value of the mean elastic modulus of concrete at 28 days,
E.., can be estimated from mean compressive strength with
the following expression:

E_ [MN/m?] = 22[(f... /10)]°3; f__in [kKN/m?].

The following eguation can be used to compute the variation
of the elastic modulus with time:

Ecm(t) = (fem(®D/fem)”> Eem



Table 5 Mean elastic modulus of
concrete at different ages (in MN/m?)

Ja [MFa] Age [days]

3 7 14 18

Class R. 30 200 30,0 32,0 32.8
s=02 50 33.0 351 36,4 37.3
70 36.0 384 397 407

Class N_ 30 265 206 31.4 32.8
=035 50 30.0 33.6 35,7 373
70 328 36,7 39.0 407

Class S. 30 26.0 203 313 32.8
s=038 50 205 333 35.6 37.3
70 322 364 380 407




TABLE 6 —- EXPOSURE
CONDITIONS

LExposure class | Conditions - Examples
| |
!
Exposed to air and moisture
. — SN i
XCl | Dry or permanently wet | Interior of buildings for normal habitation
' | (e.g. homes, offices)
X2 Wet, rarely dry Completely buried in non-aggressive soil
XC3H Moderate humidity, or cyclic Normal outdoor condition, indoor subject to

| wet/dry | high humdity

— — P—

In contact with water containing chlorides, including de-icing salt

Aes . v -
XD Moderate humidity | Highway structures away from direct spray
XDl | Wet. rarely dny ' Totally immersed in water containing chlorides
XD3 ! Cyclic wet/dny | Highway structures within 10m of carriageway,
| = | including car parks

In contact with sea water or air carrying salts from sea water

XS1 Exposed to airborne salt but not in | Structures in coastal areas
direct contact with seawater |

XS2 | Permanently submerged Below mid-tide level

|
XS3 ldal. splash and spray zones | Upper tidal, splash and spray zones




TABLE 7 = NOMINAL CONCRETE COVER TO

REINFORCEMENT FOR CONCRETE MADE
WITH OPC FOR A 50 YEAR DESIGN LIFE

Pl gresncarw o lonms
! |

|

Notes:
(1) The specified cover should be provided to al reinforcement.
(2) When thework is carried out by a company with arecognised quality control system, the nominal cover values may be

reduced by 5mm.




Table 8 — Resistance to fire: minimum
sizes and minimum axis distances for

columns and for simply supported
slabs

Element | | R30 Rol R%) T\ RI20 | RI80 | RM0 |
| 1 l . | |
Column exposed to | Minimum ¢ross-section (0) 25() 30 | 30 430 - ‘
fire on all sides dimension (mm) |
Mimmum axis 3] 16 )] Y] 10 -
distance (mm) | I
 Simply supported | Minimum 6() 80 00 | 120 150 | 175
 slab with plain soffit | thickness (mm) |
Minimum axis 10 20 30 40 53 6

l distance (mm)




Table 9 — Resistance to Fire:

minimum sizes and minimum axIs
distances for simply supported
beams exposed to fire on three faces

Standard fire resistance | Parameter Posxible combinations (mm)
e — - - ; — ' - - ~ ———
K30 Maimmnaun breadeh 20 20 | () 200
Minimum xis distance from saolbh » S ) 1 5" | S§°
! -
Minimum axis distance from side is 30 25 S
: - e T —=t= T == 4 -
RGO Minimoam beeadth 1 20 160 SO 300
Minimum axis dismnce fram soffit g L 30 \ c A,
Muinimurn axis distance from side S0 35 | <0 | o
P — — . -e—  — ‘
‘ K90 Minimum beewddth 1 SO ) an i N
3
‘ Mimmoumn aos distance froun soffit 55 35 0 35
‘ Munamurm asis Jhistance fromm side 5SS SS 50 5
|
I R120 | Mini num breadth ~' 200 ) | W) S0
|
l Mintmum axis distunce 'rom soffin f 65 o) €5 | <O
[ Mintmum axis distance from xide 5 7t 6Hs SO
. : : : |
! K180 | Minimum hreadth 230 | M) 0 oo
| MVimsmum axas distancoe from soltit 80O 0 68 | Ol
I SMinmmmum axis distance fnom sade Y0 %) 7 S 1 MO
— - - — — 1
- - " ] - -— -
I R230 Naosmum becacdth 280 ’ 350 SO , 00
\
| Minimum axis <histance from sofnt 1) | S0 7S 0
IL Minimmum axis distance rom i 100 ‘ 90 R« ' N |

When the axis distanceis 70 mm or more, surface reinforcement of 4 mm bars at 100 mm spacing should be provided to

prevent the surface concrete falling off during the fire.



Figure 1 — Two ways of ensuring that

has R60 fire resistance

Top surface not Top surface not
exposed to fire exposed to fire
o » . w
min. min.
30 mm 25 mm
°e_0 ir L @ L

-)1 min. min.
min. 40 mm min. 25 mm

T( 200 mm 5 T( 300 mm




Table 10 — Factors determining

minimum cover to reinforcing bars

Placing of concrete Not less than the diameter of the bar o + [0mm

Bond between steel and concrete | Not less that the diameter of the bar o + 10 mm

| If the bars are bundled, the minimum cover should be:
o 140+ 10mm for a 2-bar bundle
* |70+ 10mm fora 3-bar bundle

* 200+ [0mm fora 4-bar bundle

Durability See exposure classes in Table 3.9 and requirements in Table 3.10

g | S X
Fire resistance See Table 3.11 for slabs and columns, Table 3.12 for beams

Note that the first three of these factors determine the minimum cover to all bars while fire resistance requirements are given in
terms of axis distance to the main reinforcement.



Figure 2 — Factors determining cover

to reinforcement

links

single layer of main main bars

/ L4 reinforcement / " in pairs
o e 33

SRR 76 -
e #—1 =T

5 I3 Ll

\

7&7!‘
A = cover o a single main bar, not less than bar diameter + 10mm. Determined by requirement for concrete
compaction and for bond.
B = cover to all reinforcement. determined by durability requirements.
CD = axis distance to main bar, determined by fire resistance requirement.
E = cover to group of 2 bars, not less than 1.4 bar diameters + 11 mm. Determined by requirement for concrete

compaction and for bond.



Reinforcement Requirements - 1

Table 11: Minimum percentage of tensile reinforcement in beams and slabs

Con. strength f4 (N/mm-) .+ Rl (S 30 32 3 ! 40 43 30

i g = ; .
Minimum % of reinforcement | 0,14 (.15 | (.15 .16 017 | 019 ().2) ()22
| { ‘

This table uses U,“lf"‘, " recommended h) the IStructE manual for the design of conerete building structures to
Eurocode 2 1n [‘:!;!\L‘clf‘-'.”‘.sf'!d n EC2
Table . 12: Maximum bar size or maximum bar spacing for 0.3-mm crack width limit for load-
induced cracking in beams and in slabs more than 200 mm thick

| | T T ]
|
|

Steel stress (N/mm®): see note 1 160 200 | 240 280 ‘ 320 360 400 J

l | | |
32 HS | HI6 | HL2 | HIO | H8 H6 |
| Max. bar spacing (mm) ; 00 | 250 200 IS0 | 100 | S50 -

L = i | 1 - i 1 l

Notes:

Max. bar size

(1) These rules do not apply to secondary or distribution reinforcement.

(2) The steel stress can be taken as 435(G, + 080, V(1.35G, + 1.500, ) N/mm-, or conservatively as 320N/mm”.

(3) Cracks may be controlled by meeting gither the max. bar spacing requirement or the max. bar size requirement. It is nol
necessary 1o meet both requirements, For example, 1if the steel stress is 280N mm* then either bars of size H12 or smaller
can be used at any spacing or bars of any size can be used at a spacing of 150mm or less.

(4 Dyata are from Tablee 7N and 7 IN of FCD Part 1.1



Reinforcement Requirements - 2

Table 13: Maximum bar spacing: other provisions

Location Maximum bar spacing

Reinforcement in slabs 200 mm thick or less ' Main reinforcement. 3d but not more than 400 mm
Secondary reinforcement. 3,54 but not more than 450 mm
Additional side reinforcement 1n beams more | See EC2

than 1000 mm deep

Table 14: Maximum amount of reinforcement

! Location Maximum amount of reinforcement
| Slab or beam. tension reinforcement 49 other than at laps

|

| Stab or beam. compression reinforcement 4% other than at laps

| Column 4%. or 8% at laps

Table 15:: Minimum clear space between bars

[ Nt = = =
Gap between bars * the maximum bar size
(except at laps) e 20mm

| should be at least:

e ——————————————

* aggregate size + Smm (=25mm when using the normal aggregate size of 20mm)




Maximum & Minimum Reinforcement

INn Columns

Area of longitudinal reinforcement. Not less than O 12N/, |
’ |
Ol 0.002bh |
Not more than 0.0456h generally |
| or 0.085h at laps
e —— e e—— — — — — G
. : T . | . -
| Size of longitudinal reinforcement Not less than (2 mm
Number of longitudinal bars Not fewer than 4 in a square column 6 in u
| circular column
= = — it Sl L e )

Table 17: Limits on ties in reinforced concrete columns

Size of ties Not less than main bar size/4
or 6 mm
Spacing of ties generally Not less than 20 X main bar diameter
or the least column dimension
| or 400 mm
Spacing of ties over a height equal to the Not more than 12 > main bar diameter
larger dimension of the column above or or (0.6 % the least column dimension
below a beam or slab or 240 mm
Spacing of ties where longitudinal bars Not more than 12 * main bar diameter
e 9 1 1 > 4areg . >
| exceeding 12mm in size are lupped or 0.6 % the least column dimension
| or | 240 mm

e — ——



Properties of steel reinforcing bars

Table 18: Cross-section areas, maximum lateral dimension and mass of reinforcing bars

| |
Bar designation ! H6 | HS | HI0 | HI2 | HI6 } H20 | H25 | H32 | H40
Cross-section ared (mm- 28 50 79 | 3 | 20 ! M4 | 491 | 804 | 1257
. J ‘ | {4 - " \ a
Maximum lateral dimension (mm N [ 3 |4 v o3 X | 37 16
Mass (kg/m) 0,222 | 0.395 | 0.616 | 0888 | 1.579 | 2466 | 3854 | 6.315 | U.864
| = J . : l — ——
Table 19: . Sectional areas per metre width for various bar sizes and spacing (mm*/m)
Bar size Spacing of bars (mm)
75 l 100 l 125 150 I 175 200 250 00 | 350
- . — | —_— - =
HO6 377 283 226 | IS8 162 141 113 9 81
| HS 670 S03 2 | 335 287 251 200 | 168 |44
' HI10 147 783 628 524 49 | 393 4 | 262 224
Hi2 | SO8 1131 G05 754 (46 ’ 565 | 452 377 323
| HI6 JoN1 ; 2011 { | GOSN 1340 | 1149 | [ON)S S04 670 574
H20 4189 | 3142 | 2513 | 2094 | 1795 | 15T | 1257 | 1047 398
HAS 6345 4909 | 3927 ‘ 3272 2805 2454 1963 1636 1402
| HA2 10723 | 5042 6434 | s362 | 4596 | 4021 | 3217 268 | 2298 |
H40 |6755 12566 10053 ' 8378 | 7181 | 6283 | 502 4189 3SN) ,



REINFORCED CONCRETE
& BASIC RESTRAINED STEEL
BEAM DESIGN

‘Course B’ Module 2
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Figure 1 - FLEXUAL MEMBERS - IN
BENDING - A
Simplified concrete design stress block

A=08 forf, <50 MPa

(fo — 50)
“Zm for 50 < f, < 90 MPa

0 for £, <30 MPa
— (f —50)/200 for 50 <[, = 920 MPa

=038 -

1
.1

en February 2008



Figure 2 - FLEXUAL MEMBERS - IN

BENDING - B
Stresses and forces In a rectangular
concrete beam at ULS

—_ — —

L L
L _
by
ft1. 5% "
™ -4
S S — -
IA 3N |
| .
J
D N[NTr oA
= ~
|
~ \ St . it LIS

RS RN R B ISNN tress o0 LS Fom
Source: Structural elements design Manual — Working with Eurocodes




Figure 3 - BENDING DESIGN

Factors for NA depth (n) and lever arm (=z) for concrete grade = 50 MPa

(RTTg S £ - o+ : E : =S
- —— | levrer arm
_-'__‘—-———-_
——
-y =
- =1 = = = - Al ) 1 B B S
Rl
-
y - 3 e,
il |
MNA depth | ]
_'_-_'__.,_.--—'__'_
'_.__.___.—-r—'—
| ———
| T |
il
“T1Ton1 | ooz | oo | nod | nos | noe | ooF | oon | ooe | onio | 6fl | 0f3 | a1a | o | nis | oie | oiF | MIBdEE,
:_._ et | hrd | 1 | 4 | 4 | 3 | ) 1 g | i ir
B [ [ . 5 | oo | | 1 Ded | [
Tablel: WValues of =/d for design of bending reinforcement in beams and slabs
A | up to 0.05 | 0.06 0.07 0.08 | 0.09 010 0.11 | 0.12 0.13 0.14 | 0.1 0.16 0.167
=lecd 0.950 0944 | 0933 | 09243 | 0913 | 0.902 | O.891 O.880 | O.868 | O.856 | 0.843 | O.830 | O.820
v/ed 0.125 0.130 | 0165 | O.19) 0.217 | 0.245 | 0.272 | 0.301 0.331 0.361 0.393 | 0.425 | 0.449
Formulax: /d = 0.5 () + N1 S 53K but not more than 095
sled == 2.5 (1 =l
3 Find = = d(=/d).
4. Find A, = M/AO.872/0).
5 Check that A_ is not less than the minimum percentage in ‘Module 1-B
O, Choose some reinforcing bars with an area of at least A .
7 /i Check that the arca of bars provided does not exceed the maximum percentage in

Module 1-B

If it does then a larger beam may be needed.



DESIGN OF BEAMS/SLABS FOR
DEFLECTION SLS

Deflections of such a magnitude that
members appear visibly to sag will upset the
owners or occupiers of structures. It is
generally accepted that a deflection larger
than span/250 should be avoided from the
appearance point of view. A survey of
structures in Germany that had given rise to
complaints produced 50 examples. The
measured sag was less than span/250 in only
two of these.

Done in 2 ways - Calculation or Tabulated
Values



SLS — CONTROL OF DEFLECTIONS

Tabulated Values:-

Table 2. Basic ratios of span/effective depth for simply supported beams and slabs

Percentage

of main [.59 or
reinforcement gy |0.35% | (.49 ). 8e A% d% | 1.2% 2% A% | more
Basic span/

effective depth

ratio

Note that the factors vary according to the percentage of reinforcement in
the beam. Generally a beam with a higher percentage of reinforcement
p will have a deeper stress block of concrete in compression which will
cause more curvature of the beam and more deflection so the limiting
span to effective depth ratio limits are lower for such a beam.

For other than simple support add a K factor of 1.5 for interior span
condition, 1.3 for end span condition & 0.4 for cantilevers.

When more reinforcement is provided than iIs required by the ULS,

multiply factor by Ag /A req



PRINCIPLES OF SHEAR CONTROL IN

EC2

Until a certain shear force Vrac no calculated shear reinforcement
S necessary {only in beams minimum shear reinforcement is

prescribed)

If the design shear force is larger than this value Veq . Shear
reinforcement is necessary for the full design shear force. This
shear reinforcement is calculated with the variable inclination truss
analogy. To this aim the strut inclination may be chosen between
two values (recommended range 1< cot 6 £ 2,5)

The shear reinforcement may not exceed a defined maximum
value to ensure yielding of the shear reinforcement



CONCRETE BEAMS REINFORCED IN
SHEAR (strut & tie modelling)

In areinforced concrete beam with vertical links, shear forces are
considered to be carried by the links in tension acting with diagonal
concrete struts in compression, as shown in Figure 4 below:-

d

=
-
~
%
N
=
=
—
-

Cross-soection

Figure 4: Beam carrying shear: links in tension and concrete in compression

EC2 allows the designer to vary the angled of the strut to obtain the
most economical solution. However an angle 6 of 22° leads to low
shear reinforcement (the minimum allowed in EC2) will give practical
designs in most cases. The highest angle of 45° leads to thin webs.



Figure 5 — Critical sections for a beam

carrying shear
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PROCEEDURE FOR CALCULATING

SHEAR LINKS -1

Find Vg, = shear force at the face of the support

Find vy, = shear stress at the face of the support = Ve /M0.95.d)

Find the concrete strut capacity vy, from Table 3.

If vipg is greater than vy then see ECI for use of othets values of ¢ up to 457 In some

cases it may be necessary to use a larger beam or & higher Class ol concrete.

If vy is not greater than vgy then use € = 229 and follow steps 6—11.

Find V4> = shear force at a distance d from the face of the support.
Find viy» = shear stress at a distance d from the face of the support = Veux/(0.9b6,.d).

Calculate the area of shear reinforcement required: A /s = 0.4vg -5, /0.87f .

Since fy is always 500 N/mm-, this gives A_ /s = 0.00092vg, -5,
Find the minimum A_, /s from Table 4

Consider the following limits to the spacing of the links along the beam:

Minimum spacing 75 mm

Maximum spacing 0.75d but not more than 600 mm.

Economy will be achieved by having as few links as possible. so in step 11 it is best to
choose a spacing s close to the maximum permitted value.

Choose a link size A, and link spacing s so that A_/s is not less than the values from
steps 8 and 9. Table §,



PROCEEDURE FOR CALCULATING

SHEAR LINKS - 2

Table 3: g, concrete strut capacities for calculations of shear in beams

1 (N/mm°) 25 28 30 32 35 , 10 45 l 50 '
Vg (N/mMm*) 3.10 343 3.64 3.84 4.15 | 463 5.08 1 5.51

o bn

Formula: 1, = (L3601 = f,/250) 5/(cotd = tant) with # = 22

Table 4 : Minimum shear reinforcement in beams

fix (N/mm?) 25 28 0 | 0 s | 40 | 4 50
Minimum A,/s | 0.0008b,, 0.00085h, | 0.000885, | 0.00091b, {0.00095b, | 0.00101b, | 0.00107b, |0.00113,

Formula: minimum ratio = 0.08 NV V7,

Table 5° Area of shear links A_./s (mm~“/mm) for various link sizes and spacings
(based on two legs per link)

Bar size Spacing of links (mm)

75 100 125 150 175 200 250 300 350
H6 0.754 0.565 0452 | 0.377 0.323 0.283 0.226 0.188 0.162
HS 1.340 1.005 0.804 0.670 0574 | 0.503 0.402 0.335 0.287
H10 2.004 1.571 1.257 1.047 | 0.898 0.785 0.628 0.524 0.449
H12 3.016 2262 | 1.81 1.508 | 1.293 1.131 0.905 0.754 0.646
HI6 5.362 i 4.021 3.217 2.681 2.298 2.011 1.608 1.340 1.149




DESIGN OF SLABS FOR SHEAR -1 ULS

Find Vs, = shear force at the face of the supporting beam or wall.
Find vg, = shear stress = Vig/(0.9bd). Normally b = 1000 mm.
Find vg4,. from Table .

Multiply vgy.. by the modification factor from Table 7.

If v,y is not greater than the modified vgy,. then the slab is safe without shear

reinforcement.




DESIGN OF SLABS FOR SHEAR -2 ULS

Table 6: vgg,. shear resistance of solid slabs in class C25/30 concerete without shear
reinforcement (N/mm?)

Reinforcement Effective depth  (mm)
ratio ™= A /bd

200 mm or less 228 250 275 300 400 I S00 600 750
0.25% 0.49 | 047 | 046 0.44 0.43 0.39 0.37 .35 0.34
0.50% 0.56 NS4 | 0.53 0.52 .51 0.48 0.45 (.44 042
0.75% 0.64 0.62 0.60 059 | 058 0.54 0.52 .50 .48
1.00% ' 0.70 | 0.68 .66 .65 0.64 | 060 | 057 | 0.55 0.53
! | |

L 1.255 0,76 | 073 ‘ 0.72 0.70 (.69 0.65 0.62 0.60 0.57
| 1.50% (.80 0.78 | 0.76 : 074 | 0.73 ‘ 0.69 0.66 0.63 0.61
1 75% | (1.8 .82 080 | 0,78 ~ 0,77 ’ 072 | 0.69 0.67 | .64
L:.m'. ().88 () 86 o8s | 082 0.810) 0.75 0.72 0.70 0.67

Formula: . = D12 100040 where A I+ N (2000 but not more than 2,0

Source: Equation 6.2a of EC2 Pant |-

Table 7: Concrete strength modification factors for use with factors from Table 6

= an. 1 WTE

£ (N/mm?®) 25 28 3 32 35 40 l
Mod. factor 1.00 1.04 106 | 1.09 112 1.17 .22

e e e e

1
, 45
!

1.26

e e e ——ed

L

Formula: Modification factor = (f4/23)



Sizes and reinforcement of
columns -1

Where possible it will generally be best to use ‘stocky columns’ (i.e. generally for typical
columns for which the ratio of the effective height to the least lateral dimension does not exceed
15) asthiswill avoid the necessity of designing for the effects of slenderness. Slenderness effects
can normally be neglected in non-sway structures where the ratio of the effective height to the
|east lateral dimension of the column islessthan 15. For the purpose of initial design, the
effective height of a braced column may be taken as 0.85 times the storey height.

The columns should be designed as axially loaded, but to compensate for the effect of
eccentricities, the ultimate load from the floor immediately above the column being considered
should be multiplied by the factors listed bel ow:
* For columnsloaded by beams and/or slabs of similar stiffness on both sides

of the column in two directions at right-angles to each other, e.g. Some

internal columns, 1.25
*  For columns loaded in two directions at right-angles to each other by
unbal anced beams and/or slabs, e.g. corner columns. 2.00

* In all other cases, e.g. facade columns. 1.50



Sizes and reinforcement of
columns - 2

It is recommended that the columns are made the same size through at
|east the two topmost storeys, as the above factors may lead to
Inadequate sizes if applied to top storey columns for which the moments
tend to be large in relation to the axial loads.

For the initial design of columns, the required cross-sectional area may
be calculated by dividing the ultimate load by the selected equivalent
‘stress’ given 1n Table 8. Alternatively, for a known column size the
ultimate load capacity may be found by using the selected equivalent
‘stress’.

When choosing the column dimensions, care should be taken to see that
the column remains stocky, as defined above.



-

‘Table 8 Equivalent stress values
E Equivalent stresses (MPa) for

Reinforcement (SO00MPa)

ercenlsEe: o concrete strength classes
il i C25/30 C30/37 C35/45
o =1% 14 17 19
o =2% 18 20 22
o = 3% 21 23 25
o= 4% 24 27 29

The egutvalenT "siyesses gsmaven n Table § 2 are denved omm the @ EXpression

stresy = O 348 fin + 35 (0 ST fiv — O 4ad L)

100
Wihere 7oe £S5 thhe chiaaractorintic concroetes strength e MPa
= the choagracteristic strength of reanforcernvent 2 NTPs
= the percentage of reanforceiaweent

Wheze slezxies columns (fe the raatio of the effootive hesigist £, 1O the Jeast Iatesal disnension, 5
oexceesis 15) arce ased, the ultunate Tload capacity of the colhumm of oqguuvalent “stress  shonlsd e
reduced DY tho appropriate thctor oo Frgure 4.1 Lo Draced frames [, ooy De taloon ais the cloear
floor 1o saffit herght

1.0
0.9
0.8
L
Capacity LN s
reduction factor g5
0.4 T
—
0.3 "“‘-—-..______
o2
10 15 20 25 30 35
In
least lateral dimeansiomn

Figure 6 - Reduction factors for slender columns
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Load
| | | Slab
| |
X — Effective width
Unsupported
edge | it
‘“‘\-—\iﬁ . i — e
- Bl
| |
. o |
1.2x (1) = &3
= e A _II' ~ =
e~ | = Load width
1 -H_""‘——\__\__ _.——'—"_'_FF_“
—'_‘_‘—~—\_\_\__—__\_\_'_'_\_
— Ir i
Fig 1: Effective width of solid slab carmrying a concentrated load near an

unsupporned edge

For precast concrete construction the width of slab should not exceed the
width of the loaded area +the width of 3 precast units, when there is no

topping or the width of 4 units where topping Is at least 30mm thick. In
no case should the width be taken as extending more than 0.25L on either

side of the loaded area.




SPAN: DEPTH RATIOS FOR
CONCRETE STRUCTURES

In the case of reinforced concrete the span:deflection ratio is taken
over by span to depth ratios. The span-to-depth ratios of 20 for
simply supported spans is based on a span-to-deflection ratio of
1:250.

From bending theory:

Span/depth: L/d=4.8*E/(fy, * q)
Where q is the allowabl e span to deflection factor, which for 1/500

works out at:
Span/depth = 4.8 * 28 kN/mm?2 / (25N/mm>?*500) = 10.75
This as compared to the conventional 20 specified in EC2.



- o l ==~
d h e b ne BACC CYL e, dors | sheet

Member / 10CaoN &t 5 vy X emersbtn. S ) ok

WUMASCGTULUIMAL SIS W LTANTS g vef

[Job e BLE I Fol Ci (D ComIRETE TASIG) |[Mmedeby. Do | Setm i

Pt Colcidmtionn

N haiVe Kot ReALwWSIS Nqa.-emt:e\'* Cowvn nf HoM;.li

L TRieswGauLBTED LM“E:'M °v““::>""‘f 2y Flan. | : :
L G2y« 3easis 650 v Eve. s[5 1) ‘33\1UIIM :
I e ww V% 3 CPM Wth—a B ? {

!lz-o;’a.(_m-foza.s.,., ,.,332,5,,\ E=
vd‘r I 0‘=n -38 F'dlm , %- B82S | -9 n.s.;g].r..’; !

| GH '>ﬁ u*ﬂ 6-" /8 —-_p ZOZ_OSFM-M,'-&.Y i
hm CQnu«.kL Con\r(.. WM b\‘“ﬂ? i :
AdLm) ﬂ) ‘.a'.l- e lM | | | . ! ' )
A“_moumzm..l | ;fff[f!fi

'\g ('.....) > . 2, O\\ You e © mn .

: Detl c.\n.c'&\t— l_\m—m Pun-*s\m’pgd*a‘*wﬁ —srw*'ﬁb)
‘ qu-w\aC-_ Ljd > zBIVS @
ﬁr..hm.-.l.g leomzz-’zx/

%lyc;ﬂ (,.\,LC)I“‘HQGL - | r =t ’ ] =
\4,—, (_qsa- O"th-zsw.m.\'ss) S O T sy

w’l.‘ - Io-‘\ba " \80,0‘? \ lol‘l--%)D‘thdl-pmﬁ
6 -~ A; 'Ld - Zonl ,p H’I."l.. ’7 0°lq'311l>
: *rqsl.sfs P e e a~s¢a i !
L W OSSN } el o | | | Tosmey |
"lo’ : = 1 ! : O-Fﬁr

b-, "'«""‘V‘L“*""“ walA 3'71021. P b"oﬂ‘%‘ v'.";go 'fdyﬂ{m-‘

Mentenx swuent Fo PI& @90 Pr-")'o"-"‘/ﬁ ;



job noe L Bic c C’Qlﬁ 20‘5 | shent no -

ot a

MTRUOTUSAL SCOMNBLULULTANMNTES dm rof.: :
[iob vt Ko w3 oQCE (D COWCEEY £ DEXN |[mede by, ToHC | cae: oulis
ot L )

ok OO
@ v b\D

ey &iok,

S e g e I a«bew'/m 165 e e
e S ARE .:.,wzw/m. IS ==

ko ] T /2 s I
mmJ&P-“i&.m to 1S L 1 e
| B 7 0T 56 5o 0 ) e

£9v 640 of I
050 Bk Fmys (Z35715) D 1k t.qmlm"‘ =l

Dz$oer\ af A nn*utnu.e_ C»Iun—tn on ot "'WG"’UI‘L.
&Yﬁd} V{’ By Evrs wath . CD,an Puu:.ﬁ. Mm f
oo 0025 em - OFfice | luosbeg o tn bobar Onor ||
R leks =laks c-on"wc.tfur\- me mov(.uve&g Sy’u.la
Hhikbma s on Bh- <,)osn fo be ?S’D pm- “-yu‘c.
Avoduigs e i e

-

(g""‘ﬁ R 0"7 (z9s5+0 5) -"_) 145 ltij

1
!

N"? Qﬂ"h"m"‘&mﬂgm)k I?S' Joﬁo -r) 3‘!80&/

Des:gn PGl e =< clier A=A | o 2.5’;..‘» Z
w;mwmanww‘.&m( SESSE=ES
Ih. = IS ] ""f_I_“-”
y as.*»:s)//s e L
pon' canm-dl n\AL&. 612-5/:3(? wenfd 2% m"’ |
u,v' = N/""""’ |

N”a’vbh l

-

b S Bhdc?ku/ 18 n&ks.//m"/a‘zg ur;_? 0#:34.

-
sl
.
-~
L
N ”~
— v) p
2

Ot

(,Q/S’IQc-

2w orP )50

RS Bk ey - LSNP RN M T ZTRRENTE. Sl - e ke S



d h - ot no.| B) el | shestno. Yo /T

SBTRUOTURAL QOMOLLTATNTG dtgr.t

| b vne: ENFQ&‘-Q CoWNKEYE TALN] |mesevy  vaic | aste Pa 7 ‘ =

At

B R O LT

: D&Bi‘%n far Col. | c»L” -Sck-rh"u'» 6-13:

CASEL eh L o ous

B 7 e o

A = (08S 6D 025 =D Zb'lf-‘)IS/s/uJ#')

(.-Alf)a‘..% NM‘ ‘uc.larf"
&l = | |
Fa{ conmch brual.t C'i":/ab wufl- ‘9-7:: r¢w’+
“gqv R i Nla-vv— '
N =2 (_u. skw(mx C-m‘&m)*l'?.(u Sﬂl-:p lgs‘SOk-L/
ESSIST ISR =
s =2 &, 350 k.s)/zg_ogu tw[n»“IO‘zS - JvO.h.rn-

Shrck Floa coll c Rk /1; < sﬂpmn

L Ene, (= 3,430/@z<: TS as/.s) --,‘.cna
Hius =2 0= Rints M |

| = 0-05.0:2%. %430-@ PRI L v o e
H/ bkt £, == was/ozs F2E IS 2SS =5 Qon‘lj'

Ac b - o-\s.&‘i-/éuo —-, 0‘45‘}»??

(olsize
"Dm ", 0'2 Sr-

LU B D e Courtirw. Firiamm - FEMAAO0 Wawe T wt Z1ZHADTN. Earrml - B e somes




Example:- Beam design for

bending ULS, deflection SLS and
shear ULS

A simply supported reinforced concrete beam 650 mm deep and 300 mm wide has an effective
span of 8.50m onto supports which are 300 mm wide. In addition to its own self-weight. the
beam carries the following loads:

Dead load 22kN/m
Imposed load I 7kN/m.

The beam 1s in grade C35/45 concrete and will be inside a building where a fire resistance of
| hour is required. The main reinforcing bars are size H32 and the links are size H12.

Determine the reinforcement required in the beam and check whether the deflection of the
beam will be acceptable.



Calculations for The Example - 1

Doan given

Beans wichthy

£y == MMIIM
fi = BS50mm
EfYective span L L= 8.5 m
- XX OKN/M ’

Booam overall weigh &

Dead Joad excluding beamm SN 24
Trmvprorsesd Tosad we ™ 17T OKN/M
Cloncrete grade C3Is5ras
Cover 1o bars - = =~ S
Fire resisntance From Table 8/1_ whh o beam widhth of 300 mm Min. axis dismance = 25 mm
Irarnbialny Froom Thable 6/1, exposure viass = XC'T. From Table 7/7, Min, cover o all bars = S5 mam
Plocing of concrete: Min, conver oy HAZ bars = 32 = 10 Blin, cover to msan bars ~ 42
Min cover to M12 finks = 12 « 10O Min. cover to links = 22 nun
These thyoe can be achueved by specifying o cover of Moo to the links,
whilch wall give M) + 12w G2 rmumn Conwer o the main bauars s
) 12+ 3250 = SE o axis dlistanoe to thwe mnoain Boars Provide 30 mam cover 5o all bars

Matorinl styengihs

fon tcharacteristic cviinder strength of conorete ) fow ™ AS N/~

Foa tCharacteristic tonstie strength of reinfovrcement, class 1) fos ™ NOO N/

Londimg

Unit welghs of concrose = 2S5 KN/m L so beam solf-weitght

o= (LM 2 D65 > 2S < KBS Beam selt-weight = 31 4 kN
Total permanent load = 41 .4 - 22,0 N.S Crp ™ JZIH A KN
Totnl imposed fload = 170 . QO = 144 S kN
Using ~y ™ 1. .35 for permmancent loads and -, = 1 .50 for vanable louds, altinuse load Lilnimuare losacdd
F = | A5G = 1.300Q, = 1. 383 % 2254 — ). .50 = 1345 Fous 3% | AN
Bending ULS = == i
M, FL/B — S25.] = XS5/ M, = SSTOKNm = S579 « 10" Nmm
With HIDZ Haks, H32Z main Drars and cover tos all Braes O 30 e

EfMeciive depth o = ad0) - 30y - 12 — 322 of = [O2 man
K == AMrdr. . 5579 10X 20 sa2? 35y A = O 152
A shwuld not be more than O, 167 Acoopt
e = 1Sl = N1l - ASAAYY DSt = N 2853 < L1520 =d =~ () K40

Accept

=d oL imore than L9955

= M ofed) = SUD = ALBRI0D = o AOT R |




Calculations for The Example - 2

A, = MNOBTZ A SAT 9 ~ 1O0NMONT = 497 M SO A = 25T o

Froms Table T/ guin, A, = Q17 of & = 0|7 IO SV 10 Min. A, = 33T oun’

From Table 197170 haoose Bars o prreswiche at least 2579 mm Ulse 2o, HAZ bars plus Zms. H2S bars
N reen ™ 2RO0 -

Percentage of reinforocment ™ A < OV B~ 2590 OR300 S92

“— AL, Wiy ix Jess than 4% Trvuen Tabide 1471 - Avyerd

Span/eflMective depth ratio caleunlations lor deflection SIS

Porcentage of mialn reint. g = M A ,__q,'h‘l = M) « N TOURINY ~ SO, sh - ] 38y
Fromn Tabhde 2/2 Dy interpolation Basiv rsthas = 140

modificanon factor - 2SOV ISTY Sl Tuooor = .0
AMainoeationm foctor shos bl et B ot ryvore thaan | S Acuoepn
Pormmitted ratior = basic ratio moh. Esetor = 1453 (LA Permitted ristiao ~ 14 .4
Acctual ral i = speavelTeotive depihy = X S5/ 592 Asctund rastiar - 134 4
Al rarbe bs 0ot nore than preslitied ratio Accem

Chwroh Whethar 1w Ny HAD = vy SN HE2S s Wil o ain the wiidhth of the bhaeam
Minioum gaps between bars = bar sixze

The sketch opporsiie shionw s B sheoos, cover und miinimuem Do spacing,
The muinimum beoarmn windth regruaired

1 12 - 3T 9 a2 T 25 4+ 25 = o B 3+ A2 4+ 12— 2D
= 2N7 mm ﬁ/\

e

M. beant widtls = 287 oun

Acuvem
Check moaximmauam Do spuascing
Fioun Note 2 of Tuble 12/
sleel stress = 3SR - OB VOILASC), ¢ 1 SOO)
- AXIS(22IR. A + LK 134 . SWi1 A8 « 228 4 4 |L.50 = 1445 Steel mtrosns « RS NAvuan”

From Table 12/1 since the bar size is voone than 12 mm, swe mast meet the ceguirement
for maxamum bar spacing
I the stecl stross was 20 N/nunn” the maxinuoan spacing would be 150 oumn

If 1he STee !l SIreRs wink 3200 N = the o irmiiene sposcing worhd et 100 o

By interpaolation. o stecl stress of NS NN ZrViLes
o o maximum spacing of |33 o Accem




Shear ULS
The figure below shows part of the Shear Forowe dingram
I'he values in the diagram are caloulnted e los

\
262 6 LN = 23

_J LSO |
1 5m SFD

As beam and looding are symmetric. reaviton = FUD - Sa8 12 Reaction — 262 6N
Width of support == 300 mur, s distance from centre of suappsors
O face OfF sappwort = O, 32 st = 0. 131
Vigar = 2626 — S2S.1 O, 18/8.5 Vaair = 253.3KN = 2533 1N
Yuuar ™ Ve NnoLbh )y — 2853 .3 o9 200 SO vpgr ™ 1L.S8 Nimun-
From Table 3/2. with 7., = 3% N/man~ Vg = <418 NUyran©
Check vey, Is not more thun vy, Acoept
Ettective depth of = O .SVU2 m, =0 V. = 2833 - 5251 LSRR = Viear = 2167 KN
Vg = Vi W1OOh ) = 2167 < 10'HN0.9 3N SO Vags = | 30 NS

Mo/ = DM D v galfe, == (LONNWID 1. 3¢ IO AN
From Table 4/2. swith r ., = 25 NJ)mm-,

— ATS rmum /anmn

. A__/x = (LINNRRSH, = LIS YO0 N Ay == (129 oo~ /riam
Max, link spacing = O 787 = (LTS SQ> Moax, Hok spacing = 434mm
From Table S/2. withh A s vt less thaan O 375 mooy oo Lise HID Hinks o 2 O0 imam centres

e Figure 3.1 5)

Ay = A9 crrtn S Sooy

HIin Hi

S7/2.
‘ LAy ik s
| " gt A MYy
! s ing

H3Z2 H2S H2S B
Figure 2:-  Cross-section of beam in Example
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SERVICEABILITY LIMIT STATES
FOR BUILDINGS ECS3 - 1

Vertical deflections
With referenceto EN 1990 — Annex A1.4 limits for vertical deflections according to

Figure 1 below:-

Figure 1 - Definitions of vertical deflections

If the functioning or damage of the structure or to finishes, or to non-structural

members (e.g. partition walls, claddings) is being considered, the verification for
Deflection should take account of those effects of permanent and variable actions that
occur after the execution of the member or finish concerned. This should be specified

for each project and agreed with client.



SERVICEABILITY LIMIT STATES
FOR BUILDINGS ECS3 - 2

The national Annex may specify the limits for deflection.
NOTE Guidance on which expression (6.14a) to (6.16b) to useisgiven in 6.5.3 and
EN 1992 to EN 1999, (refer also to Course A Module 2 Slide 14)

Dynamic effects

(1)B With reference to EN 1990 — Annex A1.4.4 the vibrations
of structures on which the public can walk should be limited to
avoid significant discomfort to users, and limits should be
specified for each project and agreed with the client.

The National Annex may specify limits for vibration of floors.



VIBRATIONS ECO

(1) To achieve satisfactory vibration behaviour of buildings and their
structural members under serviceability conditions, the following aspects,
amongst others,

should be considered :

a) the comfort of the user;

b) the functioning of the structure or its structural members (e.g. cracksin
partitions, damage to cladding, sensitivity of building contents to
vibrations). Other aspects should be considered for each project and
agreed with the client.

(2) For the serviceability limit state of a structure or a structural member
not to be

exceeded when subjected to vibrations, the natural frequency of vibrations
of the

structure or structural member should be kept above appropriate values
which depend upon the function of the building and the source of the
vibration, and agreed with the client and/or the relevant authority.



VIBRATIONS ECO - Continued

(3) If the natural frequency of vibrations of the structure is lower than the
appropriate value, amore refined analysis of the dynamic response of the
structure, including the consideration of damping, should be performed.

NOTE For further guidance, see EN 1991-1-1, EN 1991-1-4 and | SO
10137.

(4) Possible sources of vibration that should be considered include
walking, synchronised movements of people, machinery, ground borne
vibrations from traffic, and wind actions. These, and other sources,
should be specified for each project and agreed with the client.



The Institution’s Manual for the design of
steelwork building structures to EC35
notes the following on vibration criteria:

 The fundamental frequency of floors in dwellings and offices
should not be less than three cycles/second. This may be
deemed to be satisfied when the total deflection is less than
28mm.

« The fundamental frequency of floors used for dancing and
gymnasia should not be less than five cycles/second. This may
be deemed to be satisfied when the total deflection is less than
10mm.



SUPPORT ROTATION
CALCULATIONS

For auniformly distributed load w acting on a simply supported
girder of effective span I, the end rotation 0 1s

0 = (wlS/El)/24 (1)
And the mid-span deflection divided by the span length, the
span deflection ratio A/l, 1s

A/1= (5WIS/EN/384 (2)

Where El isthe flexural rigidity of the structural material.
The ratio between equations 1 and 2 works out at:

0 = 3.2 x deflection-to-spanratio  (3)



SUPPORT ROTATION
CALCULATIONS (CONTINUED)

ECO Basis of Sructural Design quotes rotations varying
within the same limits. EN codes on bearings make various
references to rotations, however specific and clear criteria may
be gleaned from a PCI report3, where a simplified method
catering for rotation in bearing pad design Is suggested.

The alloweable plastic rotation is then given at 0.015rad and
0.035rad varying on the grade of concrete and steel adopted.



DESIGN OF BEARING PADS

The amount of bearing length required is relative to a number of considerations
Including span, loading and type of support. Detailed requirements of bearings take
account of bearing stresses, possible spalling of support and of the supported member,
and construction inaccuracies.

1/-Min. bearing related to bearing stress

2/- Spalling of masonry support 25mm

3/-Allowance for construction inaccuracies

A minimum bearing length of 75mm is specified if bearing on steelwork or concrete of
minimum Grade 30, whilst on masonry this increases to 100mm. An elastomeric strip
bearing has adequate rotational capacity at the support. What can however, be stated
for dry pack mortar with respect to its rotational capacity?

Readings suggest that mortars in light weight material have a better rotational capacity.

Tests carried out on samples indicate that these mortars work satisfactorily for semi
rigid design.



DESIGN OF BEARING PADS TO

EC 2/1

ThHae rominal length o of a simple beaaring as shown in Figure 2 may be calculated as:

E - o B e = - TL Y e T T B Fhe
Wl e
= B i= the naet beaaring leangth with regard (o baaring stress, oy = Feg L 05y faa). Bt ot
lass thamn minimuoum yvalues in Table 102
FEd = the deasign value Of suppaort reaction
434 = the mel Dhearing swicdthy, Sese (5
i i thes design value Of Beaarimg stresrmgih, Seeee (2)
. s the distance assumed ineffective bevond outer end of supporting member, ses
Figure 10.¢ and Table 10.3
e = the simillar distance for supported maember,
i i
1
1
E JI.J.'[ -
I
1 | 1
L ) [
| - | = : fos |
2 . - N . e e+ Al
= = =

Figure 2 Example of bearing with definitions.

frg = 0,4 fq for dry connections (see 10.9.4.3 (3) for definition)
frg = fheg < 0.85 fq for all other cases

where
foq 1S the lower of the design strengths for supported and supporting member
fheq IS the design strength of bedding material




DESIGN OF BEARING PADS TO

EC 2/2

Tabla

Table

Table

1 Minimum value of 29 i mm

Reaelative bearing stress. crmea ~ fod = 015 015 -0,4 = 0.9
Line supporns (Noors, roofs) 25 30 <0
Ribbed NNoor= and puriins 88 7Q 3o
Concentrataed supparts (beaeams) Q0 110 140

Table

2 Distance @z (mm) assumed ineffective from outer end of supporting
maembar. Concrate padstone sshouldd be used in cases (<)
Support material and type i Vool =015 015 -0.4 = 0.4
Steal e O O 10
ke concentrated | 5 10 15
Reinforced line = 10 15
concrate A0 concentrated 10 15 =0
Plasin concrete and fine 10 15 g
rein concrete < CH0 conocentrated Z0 25 35
Brickwork e 10 15 (=)
concerntrated =20, — 2S5 =)
3 Distance a: (mm) assumed Ineffective beyond outer end of supported
e i ey
Datalling of reinforcs meant Support
Line Concentrated
Continuous bars over support o O
(restrained or not)
Straight bars, horizontal locps, closs to = 15, but Nnot less
end of member X than end cover
Tendons or astraight bars = |5
expased al eand of mesmber
Vertical loop reinfarcement 15 end cover « inner
radius of banding

a:

Allovwancoe As; for deviations for the cloar distance botwoon the fraces

of the supports. /-~ span length

Support material

T

Steel

Or precast conorete

10 < 271200 <

30 mim

Brickwork or cast in-situ conarata

15

-

MN200 + 65 = a0 mm




dhi

job e Bicc cphlﬁ 2015 JMM =
6\-

PERITI MamBar / 10CRIOn 13 e Ve oo gy~
ETRUCTUN AL COMNBULTYANTS drg et
[1ob vhe” ResTRAIWED STev, Yai DESIad . | [made by taic [aae oI
MPar [~ o

Nod.-.hg%

AN ond - ggm:dvvp.‘ﬁ_ﬂ RC < \nls \\wom
e e, canlimuows Spesy of Zwvn

Vm‘\m'«%s\sw 2000[2‘3 - | "‘Hm-n-fIOv-mts»‘h-

, {‘tw)uﬂ- XC\—* 'Wl."tf\ﬂ.’i‘;' o* B\d& { pe =)
e RE\ | czolis o3 2 4o e Im? — 25 mm covea,
F\vt M\s\...nc.n. R‘\O ™Min Yhedkraars \oOm- N n.;-u; SOM
SR AR  LoAO IV & - SBTRUCT ._i i I L] | I
= A, o i Y o G S L £ < € i e s
Tl | B4 B =5 | 1B =5 a3 | |

- L5y o i (5 - 0 M — 720 O - - L~ Wl ]
| o - A T A 1 kulm \yalkdlm‘ v,z.s
(= 3&41»3)4- 0.4, w- : ;-=:>’ . n.ohmlm |
OBS (3384 2463) & | | (g | '.-; L iZauxNln s ]
BH | 5 vbk.asal 8°G|tks)‘m/m ;

The (J::nuufz.cam“-c- mu-do}uﬂ"— @‘-‘*"”‘ i I

5 s> ESSEREYASEE :t;:‘:.::

A;,LW) -:szum..../m IR0 D ls‘fa;..’.-': 1
- Defl check. (sr«m/lio waob.l‘;'a—\)
| P:rvmss.b%.. Ll d «-':037438 - |
Actual Lid = 3w |

aslie c25 /30
nat aoent

ECo a,ms:ID

eq L 1Ok

*’ OVLA - d..o':uig'.n ci-lM ﬁ p‘v\.’. - v 8gmn- H‘C& ﬂu‘:: ”‘*0@

Hoea et ) ﬂmm Frorimeie - FRNIG00, Multm . Teb SCEASDTH. Cornab o neoeSattioeettl vy




- lob na. piic | shestne..  Fooa )%

d h eerim memper/ looalion | Qe stlasl Spone whewl bonoe .

BrYRUCTURAL CSOMNMUILTANNTM arg ref

[Job tiva:  Hs v Sqs ey Srekl BEA DEOWGY | [mede by oA | gt s

Anr 1= e LN ‘ %n-
Dezsisn of 2o Shtevl bron — strenelh caliulatin
1, = (uz--t.wi... " 2:Gm » )t as) - m‘l& = 6#3 Vfﬂau‘m

MR Fy I'i:.,.[\,,,\ LrE O Swe

q!mlw
124

| .P:.n ad Lo C"\uk

.v.Lm{wh E‘-&LL w >$ﬂ% Zfs<28mh~:

| s Sz e '24" ’J_,,:,U.> ::-:, tfz?: =Ei=l
jé | 26 o=
=

| Actm{.‘

'z,,‘-o' 5&.5‘1—‘(*;00:»/1!5[: — 2341 v

bases o sgm/;zsa
Z =5 C.WL.?’ -
= 24 A 25 lzoo
b S TR W sf’,.7 '

=5 (?-a €018 ) e D6 . =

I |
= ;l»iS :
o -/ SM/ /M ]

C = < n b&*l“w\’lIS) - \1
= =&, 0% Cinet 8

1: - CWL" '.-, 2 Chx (322 s’-..,x l 1{) " 12.3 } i ;
— 96 ‘r&‘?cm‘" : :
mlJclP‘J 429> QQ%Q/IOI aoq -

LPE VSSo

W 159y [

e 2613 my”
W =5 103 ke fon

ECO
S & 165

Le o Sou

1 - $3380.{%
W lo?ﬂ]n.

L= 102,350 Y
> 2046 rmen

. -y 2B x ok [1429
Ha o ;&/.{g.- -

N18/fEima = 30 sa;.!“i:'s-ueJ:-

MORA (Dt B Basvepin Casvmm Plaistesnin - P IGO0 SMates | Tl DIEITOUNTH, W oamind  ribuniedt e rtd deasndty



-
d h l PERIT mermber / IOCation @ )
arg ref

A A —— I A Pe A e o

BTRUUCOCTIURAL COMNBLULTANTS

[esie  RESTROWNWED SIELL Badas Doigw

Made by ol | gete i, lig

Fol =

St Catidion Clisdk

Ratabinn ok sippit | 37 [ spiteliieidi

| “0‘4’ .rt-‘."q A= | , : == ¢ .4 1.3

| i, Fuckor ) =0 129 ]
=

- BeAe A LEMNETLL. CALCCLATION |

SAFE LOALD | HFRO[ Y Skt =5 & Ben/mt

=2 22 hok = ;01007.92‘-'?'-.‘.{ ::;—\:;g&
o-ogn-""

O coIn2 O-OOS(WA

RIS ~ e oo T v /1»
#L = :\(/(o'&£+l7,) /"’ | - L]
= (4e2s =) % [ on2s (Q;s-m.%}:;. 27
Allpwence fx bslonnmee  12Zom = Lmm [ | = 4Bpne

o Houmvrze fex sfmlb! ec)a(_ LS

CAltesratiue DDESIGN) vov Freslressed Flawmiks

ne L. - Gaiklm ™

| -
1

|
!

R DO rvrees thec ko e ' ‘
wi. DL & gt Yo B ESE [o

S e AL :
B = S Ay I S ERP o SRy 7 Suim
5" B AU IV A -1—/0-?-;“,:‘_;.4/@.-“-:»1: = A Semen <

o p;So—J

- allovinmree Fue TaCasmata 12m > deromtfe

Lol fesum s boe soalled e dp—

BN (Reet Ay Curwom Commirm . Fiirsmess TR s 400 Siates | Tl S 300ETH. M ot . rondetsmmm e sy



