THE OPEN UNIVERSITY OF SRI LANKA
Bachelor of Technology - Level 3
CVX3441- Structural Analysis & Design 1
Final Examination - 2019/2020

Time Allowed 3 hours

06t October 2020 Time - 9.30 - 12.30 hrs

Answer any Five questions
Please write answers clearly showing any derivations required and state necessary
assumptions.

(1 Trusses are used specially in roofs and bridges.

a}. Define the term “Null Members of the trusses” (2 Marks)
b). Identify the “Null Members” of given truss in Figure Q1. (2 Marks)
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¢). Determine member forces in all the members of the truss given in Figure Q1 by
‘Method of joints” or “Graphical method” for loads given. (by indicating the
member forces are tension or compression).
Note - Members are connected only at joints L, Ly, Ls, Ly, Uy and Ua.
' (10 Marks)

d). Determine the member forces 11U,, LoUy and LyLg of the truss given in Q1 using
“method of section” (6 Marks)

(J2.) a). State three methods that can be used to find a deflection of the statically
determinant trusses. (1.5 Marks)

b). The truss shown in Figure Q2 pﬁ supported at joints L1 and L2.
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If allowable tensile force and compressive force are 10 kN and 8 kN respectively
find the maximum value for P. {8 Marks)




If allowable tensile force and compressive force are 10 kN and 8 kN

respectively find the maximum value for P,
(8 Marks)

c).i). If allowable deflection of the joint Uz is 5 mum, find the maximum value for P.
Take Elastic Modulus of the material is 200 Mpa and all the members are made

out with hollow sections of 50 mm x 50 mm with thickness 5 mm.
(3 Marks)

ii). Find the deflection at Uy in mm if P =5 kN : (7.5 Marks)

(J3) Figure Q3-a shows a continuous beam of ABC
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Figure Q3-a
a). Draw Influence lines for followings
i). Vertical Reaction of A
if). Bending moment at mid span of AB (6 Marks)

b). I a uniformly distributed load of 2 kN /m and 2 m in length is moving on the
~ beam, find the maximum Bending Moment of mid span AB. (4 Marks)

¢). Three pin arch given in Figure Q3-b is subjected to given loads.
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Figure Q3 - b
i). Find a general equation for the arch. (5 Marks)
ii). Find support reactions of the arch. (5 Marks)




Data for Q4 and Q5

Figure .Q4-Q5 is shown a joint of a steel truss. Members are connected to a 12 mm
thickness gusset plate with M 20 bolts (at least two bolts per each connections). Equal
angle steel sections are available with standard sections and it is proposed to use single
angle sections and double angle back to back sections. Two members are perpendicular
to each other and member A makes 750 to the horizontal. 10 kN horizontal load and 5 kN
vertical load are applied as shown in the Figure Q4-Q5. The lengths of member A and
member B are given as 2 m and 3 m respectively.
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(4) a). Define the term “eccentricity of the connection” and explain how the
eccentricity is allowed in steel design.

{2 Marks)
b). i}. Find the tension member of the joint with its member force. (2 Marks)
if). Design the tension member with suitable single angle member. (Minimum
Thickness - 8 mm) (6 Marks)
iii). Design the tension member with suitable back to back double angle
membet, (5 Marks)

c). If additional 5 kN load is applied perpendicular to the tension member at mid
span check the suitability of single angle selected in b). ). (5 marks)

Qb) a). Define the terms i), Buckling of struts, if). Slenderness ratio, iii). Effect of
slendermess ratio to the buckling of struts. (4 Marks)

b). i). Find the compression member of the joint with its member force. (1 Mark)
it). Design the compression member with suitable single angle member,

{(Minimum Thickness - 8 rrun) (6 Marks)
ii1). Design the compression member with suitable back to back double angle
Member. (6 Marks)
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c). Explain why slenderness ratio should be checked for axes uu, xx and yy for
single angle member but only xx and yy axes for double angle members.

(3 Marks})
Q6). (a).
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The connection shown in the figure Q6 is designed with M20 bolts.

i). Find the capacity of a M20 bolt in single shear connection. (4 Marks)
ii). Find the capacity of a M20 bolt in double shear conmection. (4 Marks)
iii). Using the capacities found in i}, ii), calculate the capacity of the connection.

(2 Marks)

(b). A simply supported beam with effective span 10 m is used to support the timber
(teak) floor of 125 mum in thickness and following details are provided.

Spacing of the beams =1.5m
Dead load from the finishers = 1.0 kN /m?
Density of Teak = 800 kg/m?
Total imposed load = 2.0 kN/m?

i). Find the design load applied on the beam. (Take the self-weight of the beam as 25
% of total calculated design load. (4 Marks)

ii). Design the beam selecting a 254 x 343 x 70 T section considering flexural strength.
{6 Marks)
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Properties of the 264 x 343 x 70 T section
A=2537mm, B=3418mm, TI =124 mm, T=19.0 mm, R1 =152 mm

Area = 89.2 cm?, Distance to the centroid from the top, C=8.66 cm,
Second Moment of Area, Ixx = 9926 cm?, Iyy = 2395 cm?
Radius of Gyrations ~ 1x = 10.5 cm, ry = 5.18 cm

Q7). (a) Explain following terms used in wind load calculation.
i). Design wind speed
if). Post Disaster Structures
iii). Wind Zones in Sri Lanka (2x 3 = 6 Marks)
(b) The following details shown below is applied to the roof truss of a building,.
Find the design wind speed can be used in designing the roof truss. (3 Marks)

Details for wind load calculation
Wind Angle = (¢
Location of the Building = Matara
Building is proposed to use as a Police Station
Total height of the building =3 m
Terrain Condition 2, Building Class, A

¢). 1). Derive the formula for Euler buckling load of strut fixed supported at both
ends with first principles. (6 Marks)

if). A strut fixed supported at both ends of effective length 4 mis used as a
column and which is loaded only with axial compression load of 100 kN.
Dimension of column - 300 mm x 400 mm
Elastic modutus of column material - 6.9 x 108 N/m?2
Compressive strength of colummn material - 5 N/mm?
Check whether the member is safe under these conditions (5> Marks)
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DATA SHEET

Zone Basic wind speed Fin ny/s
Post-disaster Normal
structures structures
1 53.5 49.0
2 47.0 425
3 38.0 335
Cof G} Moment Of Inertia Radius Of Gyration zZ
xa U™y =2] A ey SV ITETR IRVAVEN Rvivl VST oL
mm mm | kg mom mmlem? | cm | em? fem* | em* | om | em | em | om®
50 x 50 5 3.77 {70 2.4 480 140 |11.0 7.4 [4.54 151 [1.90 {097 J3.05
8] 4.47 {70 2,4 569 .45 1128 J204 1533 150 [1.8¢ [0.97 |3.61
7 5.82 |7,0 2.4 741 |1.52 6.3 257 |6.87 148 {1.B6 [0.96 |[4.68
60 x 60 5 4.57 8,0 2,4 5.82 |164 |19.4 {307 [8.02 1.82 [2.30 117 |4.45
(4] 542 18,0 2.4 6.91 169 |228 [36.2 19.43 1.82 |2.29 |17 5.29
3 7.09 18,0 2.4 9.03 .77 1202 |46.2 |21 1.80 J2.26 {1.16 5..89
10 8.69 |80 2,4 111 1.85 {349 1551 14.8 178 [2.23 {116 |[B.41
70x70 5] 5.38 19,0 2,4 813 [1.93 389 585 |15.2 213 268 |1.37 7.27
3 836 9,0 2,4 10.6 |2.01 475 753 197 211|266 |1.36 [8.52
10 103 2.0 2.4 13.1 208 |57.2 905 (239 2.09 263 |1.35 11.7
80 x 80 & 734 0,0 |48 9.356 (217 |55.8 [88.5 23.1 2.44 13.08 {1.57 [9.57
8 963 0,0 |48 123 226 722 |15 29.8 243 §3.06 [1.56 |[i26
10 11.9 100 |48 161|234 875 1139 36.3 241 [|3.03 [|1.55 15.4
90 x 80 G 8.3 11,0 4.8 106 |2.41 |80.3 127 33.3 2,76 |3.47 [1.78 122
& 10.9 11,0 4.8 13.9 |250 |04 166 43.1 274 345 |1.76 16.1
10 134 H1,0 [48 17.1 J2.58 [|127 201 52.6 272 {342 176 {198
12 159 11,0 |48 20.3 {2.66 }448 234 61.7 270 1340 .75 233
100x100 |8 12.2 |120 |4.8 15,5 274 {145 230 59.8 3.06 |3.85 |1.86 19.9
12 17.8 12,0 4.8 22.7 J2.90 |207 328 85.7 3.02 13.80 |1.94 29.1
15 21.9 M20 48 27.9 3.02 |249 393 104 298 1375 193 35.6




TABLE 19. ALLOWABLE STRESS P, IIN AXIAL TENSION

Form Grade Thickness Hd
nim N/mm?

Sections, bars, plates, 43 =40 170

wide flats and hot overdil but = 100 155

rolled hollow sections 50 = 63 215

over 63 but = 100 200

55 =25 265

TENSILE STRESSES FOR ANGLES, TEES AND CHANNELS

42. a. Eccentric connections. When eccentricily of loading occurs in connections
of angles and tees in tension, the net areas 1o be used in computing the mean
tensile stress shall be as given by the following rules:

1. Single angles connected through one leg, channel secrions connected through
the web and T-sections connected only through the flange. To the net sectional arca
of the connected leg, add the sectional area of the unconnected teg multiplied by:

3a,
3ay, + a,
where a, = the net sectional arca of the connected leg.
a, = the sectional arca of the unconnected leg.

Where hug angles are used, the net sectional area of the whole of the angle
member shall be taken.
) 2. Apairofangles, channels or T-sections,connected together along their length,
when attached to the same side of a gusset for the equivalent by only one leg ol
each component:

(i} in contact or separated, by a distance not exceeding the aggregate thick-
ness of the connected parts, with solid packing pieces.
(ii} connected by bolis or welding as specifiad in Subclauses Sle or 54g s0 that
the maximum ratio of slenderness of each member between connections
not greater than 80.
- TABLE 18. ANGLE STRUTS
Conpection ] Sections and axes Slenderness ratlos
(rcenarey | ane 2)
- N Jo - i is: 0
b gt B vwaxiss QLB L fr, but =070, I, + 15
X iu aaaxis: L.OLL/r, but =074, + 30
bl axis: B85 Lyn/re, but 20,7 Ly, + 30
o Al wvaxis: 1,0LoJr but 20,7 Lodr. + 15
b Lo booBf b aaaxis: 1.0L,/r, bt 20.7 L, /ry, + 30
o -~ .
(Seenote 3) - o My bb axis: 1.0Ly/ry but 20,7 Ly, + 30
¥ {Seenoled)
T U
xRN X X x X axiss 0.85 L. 0r, but 20,70,/ + 30
yyaxiz: 1.0L,/r + 10
{See note 4} [ e
+d
I)c
B L= y o y xxaxis: LOL o but =0.7L,/r,, + 30
| yyaxis: 0850, Jr but B0 T, 0, + 10
x
(Sce note d) x

NOTE |. The length Lis taken between the inlesseclions of the centroidal axes or the inters
tive of whc}her the strut is connected 10 & gusset of dircctly to another member.

NOTE 2. Tatermedinie interal rostraints reduce the value of L for bucklin
between interal restraints perpandicnlar 1o either aa or bb,

cetions af the selling out lines of the bolts, irtespec-

g nbout the relevant axes. For single angic members, L, is laken

NOTE 3. For singie sngles connected by une bolt, the aflowable stress s also reduced to 80 per cent of that for an axislly londed member

NOTE 4. Double angles are inleteuanected back-to-back to satisfy Clause 37,




BS 449 : Part 2 : 1969

TABLE 17a. ALLOWABLE STRESS p_ ON GROSS SECTION As altered
FOR AXIAL COMPRESSION Dec. 1989

p, {N'mm?) for grade 43 steel

¢ 1 2 3 4 5 [ 7 8 9

¢ 1170 {169 | 169 (168 | 168 1167 167 166 | 166 | 165
E g 165 1164 {164 [163 163 162 (162 {161 |160 | 160
s 1159 1159 tuss |iss {157 157 |is6 156 | 155 |55
L0 154 [ 154 | 153 |53 sy {152 52 [ 45t |151 | 150

150 149 149 148 148 47 146 146 145 144
144 143 142 t4} e 1139 139 138 137 136
135 134 133 131 130 129 i28 127 t26 124
i23 122 120 119 118 o 113 1i4 t12 il

109. {108 107 1105 104 [102 1104 |00 98 97
g5 | 94 91§ 9] 90 89 87 86 85 84
&2 &1 80 79 7 77 7% .4 | 13 72
71 70 ] 69 68 &7 66 65 64 63 | 62

310 62 [ 61 | 60 | 59 {58 | .57 |57 | s6 | 55 | s4
130 s | 53 | 52 | st 51|50 |4 | 49 | a8 | 47
E 140 47 1 46 | 46 | 45 |45 44 ] 43 | 43 | 42 | 42
150 4f | 4t | 40 | a0 |39 | 39 | 38 | 38 | 38 | 37
37 0036 |36 | 3s |35 | 35 | 34 | 34.1 33 | 33
33 0932 D32 ;32 130 43 |3 |30 |30 | 30
E%ss. 29 129 |29 | 28 |28 |28 |28 {22 |27 | 22
39 26 126 |26 |26 {25 |25 |25 | 25| 24 | 24
20 24 |24 |24 123 |23 |23 L3 i 22 o2
p2i0 2 |22 20 b2t |z 28y 2 |2 |20 | 20
25 20§ 20 20 19 19 19 19 19 19 18
13 18 [ 18 | 18 | 18 g Lag b bar |z |
240 17 | 17 17 1 16 16 116 116 [ 16 | 16 | 16
450 o as s s L as s b as s |15 s
X i i 1 1 i1 T 10 {10 1§10 10

350 8 8 8 8 g 8 8 }i 8 8 8

T

- Intermediate vatues may be obtained by linear wnterpolation.
I3 : ,
£ 2. For material over 40 mm thick refer 10 subclause 30a.

65




TABLE 2. ALLOWABLE STRESS g, OR ph.( IN BENDING

(See also Clauses 19 and 20 and Tables 3 and 3)

Thick ness

Form Grade o Pre OF 22
of material
Sectians, bars, plates, wide flats and 43 a1 180
hot roited hallow sections. =40 but = 100 | 163
" Compound beams composed  of ~ e
rolied séctions plated, with thickness 50 =03 230
of plate. 63 but = 100 | 215
Doubiz channel secdons forming a e e ———
SyI‘!j!n‘iCl.TICi%i I-scictzon which acts &5 55 =% 250
an mtegral unit.
Ptare girders with singic or 43 =2 40 1740
multiple wehs =-d0bur = 104 ] 155
50 =G4 215
=63 bt = 10 200
55 =25 263
Slab bases Alisteels 185




BS 449 : Part |

TABLE 3a. ALLOWABLESTRESS pyc IN BENDING (N/mn?) FOR CASE A -
OF CLAUSE 19a(2) FOR GRADE 43 STEEL

[

DIT
fry
1 5 10 I5 20 25 3g 35 40 45 50
40 + 180 180 | 180 180 180 180 180 180 { 180 180
45 | 180 180 180 180 180 180 180 | 180 180.
50 ¢ 180 180 180 180 180 180 180 | 180 180
55 1 180 180 178 176 175 174 174 | 173 173
60 1 180 176 i72-1 170 169 168 167 | 167 | 166
65 ¢ 180 172 167 164 163 162 161 160 160
70-1 180 167 162 | 159 - 157 156 155 | 154 154
75 | 180 163 157 154 151 150 149 | 148 147
80 .1 180 159 153 148 146 144 143 142 141
_-'_35 4180t 156 148 143 140 138 137 | 136 | 135
901 180 152 144 139 135 133 131 130 .| 129
95 | 180 148 140 134 130 127 125 | 124 123
100 1 180 145 136 129 125 122 119 | 118 117
T 1051 180 142 132 125 120 116 114 | 112 | 111
10: |- 180 - - 139 128 120 115 111 108 | 106 | 105
1S5 | 178 136 124 116 110 106 103 | 101 99
120 ] 177} . 133 120 112 106 101 98 96 95
B30 174 4 127 113 104 97 94 91 8¢9 88
1461 171,030 142 1§ 121 107 97 92 88 85 83 81
150§ 16871138 | 116 100 92 87 82 |~ 79 77 75
1601 166 .4 132 111 96 | 88 &2 77 74 72 70
170 1 163 7 1M 106 92 84 77 73 69 67 | . 65
180 | 161 12 8% | 80 73 69 65 63 60
190 | 158 47 85 76 70 65 61 59 56
200 | 156 35 £2 73 66 62 58 55 53
210 | 154 92 79 70 63 58 55 52 50
220 | 151 90 7 7 61 56 52 49 47
230 | 149 §7 74 65 58 53 49 47 44
240 | 147 85 72 62 56 St 47 44 42
250 | 145 83 69 &0 53 48 45 42 40
260 | 143 80 67 S8 51 46 43 | 40 38
270 | 141 78 65 56 49 45 41 38 36
280 | 139 7% £3 54 48 43 39 37 35
290 | 137 75 61 s2 46 41 38 35 33
300 135 73 () 51 44 40 36 34 32

BS 449: Part2: 1969 Tables & Clause

from BS 449 Table 10: Allowable maximum shear stress Vg

10




THE OPEN UNIVERSITY OF SRI LANKA
Bachelor of Technology - Level 3

CVX3441- Structural Analysis & Design 1 ) " “
Final Examination - 2019/2020

Time Allowed 3 hours

06t October 2020 Time - 9.30 - 12.30 hrs

Answer any Five questions
Please write answers clearly showing any derivations required and state necessary

assumptions.

Q1 Trusses are used specially in roofs and bridges.

a). Define the term “Null Members of the trusses” (2 Marks)
b). Identify the “Null Members” of given truss in Figure Q1. (2 Marks)
SkN ' ; .
UI Ul
S S—— > SkN
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Figure Q1

¢). Determine member forces in all the members of the truss given in Figure Q1 by
‘Method of joints” or “Graphical method” for loads given. (by indicating the
member forces are tension or compression),
Note - Members are connected only at joints L, Ly, Ls, Ly, Uy and Us.
‘ (10 Marks)

d). Determine the member forces [1U,, [2U; and LaLs of the truss given in Q1 using
“method of section” (6 Marks)

(2.) a}. State three methods that can be used to find a deflection of the statically
determinant trusses. (1.5 Marks)

b). The truss shown in Figure Q2 pﬁ supported atjoints L1 and L2.
P

U 600
U,

Figure Q2

4m

T
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If allowable tensile force and compressive force are 10 kN and 8 kN respectively
find the maximum value for P. {8 Marks)




If allowable tensile force and compressive force are 10 kN and 8 kN
respectively find the maximum value for P.

(8 Marks)

c).i). If allowable deflection of the joint Uz is 5 mm, find the maximum value for P.
Take Flastic Modulus of the material is 200 Mpa and all the members are made

out with hollow sections of 50 mm x 50 mm with thickness 5 mm.
(3 Marks)

if). Find the deflection at Uy in mm if P =5 kN : (7.5 Marks)

Q3) Figure Q3-a shows a continuous beam of ABC

A B c
Iy AN

< 3m ‘%‘
i )

Figure Q3-a
a). Draw Influence lines for followings
i). Vertical Reaction of A ;
ii). Bending moment at mid span of AB {6 Marks)

b). If a uniformly distributed foad of 2 kN /m and 2 m in length is moving on the
beam, find the maximum Bending Moment of mid span AB. (4 Marks)

c}. Three pinarch given in Figure Q3-b is subjected to given loads.

.5 kN/m
taeredd
2m
im! 3m ‘F 4m
Figure Q3 - b
i). Find a general equation for the arch. (6 Marks)
ii). Find support reactions of the arch. (5 Marks)




Data for Q4 and Q5

Figure Q4-Q5 is shown a joint of a steel truss. Members are connected to a 12 mm
thickness gusset plate with M 20 bolts (at least two bolts per each connections). Equal
angle steel sections are available with standard sections and it is proposed to use single
angle sections and double angle back to back sections. Two members are perpendicular
to each other and member A makes 750 to the horizontal. 10 kN horizontal load and 5 kN
vertical load are applied as shown in the Figure Q4-Q5. The lengths of member A and
member B are given as 2 m and 3 m respectively.

5N

10kN

A

Figure Q4 - Q5

(4) a). Define the term “eccentricity of the connection” and explain how the
eccentricity is allowed in steel design.

(2 Marks)
b). i). Find the tension member of the joint with its member force. (2 Marks)
if). Design the tension member with suitable single angle member. (Minimum
Thickness - 8 mm) (6 Marks)
iii). Design the tension member with suitable back to back double angle
member. ' (5 Marks)

¢). If additional 5 kN load is applied perpendicular to the tension member at mid
span check the suitability of single angle selected in b). 1i). (5 marks)

Q5) a). Define the terms i). Buckling of struts, if). Slenderness ratio, iii). Effect of
slenderness ratio to the buckling of struts, (4 Marks)

b). i). Find the compression member of the joint with its member force. (1 Mark)
ii}. Design the compression member with suitable single angle member,
(Minimum Thickness - 8 mm) (6 Marks)
iii). Design the compression member with suitable back to back double angle
Member. (6 Marks)




c). Explain why slenderness ratio should be checked for axes uu, xx and yy for
single angle member but only xx and yy axes for double angle members.

(3 Marks)
Q6). (a).
¥, % 30 Splice plate 95x 10
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Figure Q6

The connection shown in the figure Q6 is designed with M20 bolts.

i). Find the capacity of a M20 bolt in single shear connection, (4 Marks)
ii). Find the capacity of a M20 bolt in double shear cormection. (4 Marks)
iii). Using the capacities found in i), ii), calculate the capacity of the connection.

(2 Marks)

(b). A simply supported beam with effective span 10 m is used to support the timber
(teak) floor of 125 mm in thickness and following details are provided.

Spacing of the beams = 1.5 m
Dead load from the finishers = 1.0 kN /m?
Density of Teak = 800 kg/m3
Total imposed load = 2.0 kN/m?

i). Find the design load applied on the beam. (Take the self-weight of the beam as 25
% of total calculated design load. (4 Marks)

if). Design the beam selecting a 254 x 343 x 70 T section considering flexural strength,
(6 Marks)
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Properties of the 254 x 343 x 70 T section
A=2537mm, B=341.8 mm, T1 =124 mm, T =190 mm, R1 =152 mm
Area = 89.2 cm?, Distance to the centroid from the top, C=8.66 cm,
Second Moment of Area, Ixx = 9926 cm?, Iyy = 2395 cm#
Radius of Gyrations - rx = 10.5 cm, ry =5.18 cm

Q7). (a} Explain following terms used in wind load calculation.
i}. Design wind speed
ii). Post Disaster Structures
iii). Wind Zones in Sri Lanka (2x 3 = 6 Marks)

{b) The following details shown below is applied to the roof truss of a building,
Find the design wind speed can be used in designing the roof truss. (3 Marks)

Details for wind load calculation
Wind Angle = 00
Location of the Building = Matara
Building is proposed to use as a Police Station
Total height of the building =3 m
Terrain Condition 2, Building Class, A

¢). i). Derive the formula for Euler buckling load of strut fixed suppoited at both
ends with first principles. (6 Marks)

ii). A strut fixed supported at both ends of effective length 4 m is used as a
colurn and which is loaded only with axial compression load of 100 kN.
Dimension of column - 300 mum x 400 mm
Flastic modulus of column material - 6.9 x 108 N/m?2
Compressive strength of column material - 5 N/mm?2
Check whether the member is safe under these conditions (5 Marks)




DATA SHEET

Zone Basic wind speed ¥ in m/s
Post-disaster Normal
structures structures
1 53.5 49.0
2 47.0 42.5
3 38.0 33.5
. Cof G| Moment Of Inertia Radius Of Gyration yd
xa TyM A ey GRVA IVEUN IRVEVN osvll HVRY v
mi mm | kg fpmm fmm | cm? | em [ em* | om* femt Jem | om | em | em?
50 x 50 5] 377 {7.C 2,4 480 |1.40 H1.0 I|17.4 |4.54 151 {190 Jo.97 3.05
6 447 7,0 2,4 569 (145 1128 (204 |5.33 150 [1.89 [0.97 |3.61
7 5.82 |[7.0 2.4 741 J1.52 |16.3 257 }6.87 148 |1.86 (0.96 |4.68
60 x 60 5 4.57 18,0 2.4 582 |J1.64 1194 |30.7 [8.02 1.82 230 M7 (445
5] 542 8,0 2,4 G.91 1.69 j22.8 362 [9.43 1.82 229 A7 5.2%
8 7.09 8,0 2.4 9.03 N.77 282 1462 121 180 {226 [1.16 [6.89
10 869 |80 24 111 185 |349 |[55.1 14.8 178 |2.23 }1.16 8.41%
70x70 6 5.38 9.0 2,4 8.13 Ji.83 {369 |585 152 213 |2.68 H.37 7.27
8 8.36 9,0 2,4 106 §2.01 475 {753 9.7 211 1266 |[1.36 |9.52
10 10.3 |80 2.4 13.1 |2.09 [57.2 905 239 2.08 263 |1.35 11.7
80 x 80 3] 7.34 10,0 }4.8 9.35 217 |55.8 [885 23.1 244 |3.08 {1.57 {9.57
8 9.63 100 |48 123 J2.26 {722 |i1s 20.8 243 3.06 [.56 12.6
10 119 |10,6 |4.8 151 234 |87.5 1130 36.3 241 {3.03 |[1.55 15.4
30 x 90 G 8.3 11,0 4.8 106 241 803 _[127 33.3 276 1347 |i.78 12.2
8 109 1110 |48 i3.9 250 [M04 166 43.1 274 345 11.76 16.%
10 134 [11.0 |4,8 17.1 2.58 127 201 52.6 2.72 {342 |1.76 19.8
12 1589 |11,0 |48 20.3 |2.66 148 234 61.7 270 1340 .75 )23.3
100x10CG |8 122 120 4.8 1556 274 |45 230 59.8 3.06 |3.85 }1.96 18.9
12 i7.8 20 |48 22.7 ]2.90 207 328 85.7 3.02 |3.80 (1.94 29.1
15 21.9 |i2Cc 4.8 27.9 13.02 j248 393 104 298 1375 [1.63 35.6




TABLE 19. ALLOWABLE STRESS P, IN AXIAL TENSION

Form Grade Thickness P,
mimn N/mm?

Sectlions, bars, plates, 43 = 40 170

wide flats and hot overd but = 100 155

roliced holiow segtions 50 =63 215

over a3 but = 100 200

55 =25 265

TENSILE STRESSES FOR ANGLES, TEES AND CHANNELS

42. g. Eccentric connections. When eccentricily of loading occurs in connections

of angles and tees in tension, the net areas 1o be used in computing the mean

tensile stress shatl be as given by the following rujes:

1. Single angles connected through one leg, channel sections connected through

the web and T-sections connected only through the flange. To the net sectional area
of the connected leg, add the sectional area of the unconnected leg multiplied by:

where @, = the net sectional area of the connected leg.
ay == the sectional area of the upconnected leg.

Where lug anglm are used, the net scctional area of the whole of the angle
member shall be taken.

3a,

3a, + P

2. Apairofangles, channels or T-secrions, connecled together along theirlength,
when attached to the same side of a gusset for the equivalent by only one leg of

each component:

(i} in contact or separated, by a distance not exceeding the aggregate thick-
ness of the connected parts, with solid packing pieces.

(ii) connected by bolts or welding as specified in Subclauses 51 or 54g so thal
the maximusn ratio of stenderness of each member between connections s
not greater than 80.

TABLE 18. ANGLE STRUTS

Connection

Sectilons and axes

Slenderness ratios
{:cenates 1 and 2)

vvaxis: GBS L /. but =0.7L, 0, + 15
ad axiz: 1LOL v, but =071, 0r., + 30
bb axis: 0.85Lypfre, but 20.7 Lyl + 30

i

(Seenotel)

viaxis: 1.0Lw/r., but 20,7 L. /r,, + 15

aaaxis: 1.O0,/r,, but =0 70, ,/r,, + 30

bb axis: 1.00w/ry, but =07 Ly e + 30
(Secnote 3)

d

(See note 4)

xxaxissQ85L, Jr bul =0.70,,/r, + 30
yraxis:1.0L, /e + 10

{See note 4)

v/
v
L.ﬁé_@
v
I
Lr:;[—%,‘_
%
L-%‘y
%

sxaxis: VOL Jr, but 20.70,,/r + 30
yyaxis: 0.85L /e, but =070, /7, + 10

N L1 e length Lis taken between the interseclions o 1] TOi i o
OT P of the centroidal axes or the intersections of the seiting owl tincs of the bolis irrespec
s et k ot fthe b
live of whather the strut is connected to a gusset or dirtcll)’ 10 another member fies Hts. iree:

NOTE 2. Tntermediate tatersl restraints reduce the valoe i
h X of L for buckiing about the relevant axes. For si i
between lateral restraints perpendicular 1o either aa or bb, Fersingle angie members. Loy is taken

NOTE 3.

NOTE 4. Double angles are intercuanected back-to-back to satisfy Clavse 37.

For single ungles connected by one bolt, the allowable siress is also reduced Lo 80 per cent of that for an axialiy loaded member




BS 449 : Part 2 : 1969

TABLE 17a. ALLOWABLE STRESS p, ON GROSS SECTION As alrered
FOR AXIAL COMPRESSION Dec. 1959

p, (N/mm?} for grade 43 stecl

g 1 z 3 4 5 6 ? 8 9

1170 169 169 168 168 167 167 166 166 165
163 [64 164 163 163 162 162 164 i60 160
159 159 {58 i58 157 157 156 156 155 155
154 154 153 153 153 152 i52 5l 151 150

) 150 149 149 148 148 147 146 146 145 i44
.35 t44 143 142 HEA 140 1139 139 138 137 136
A 135 134 133 131 130 129 i28 127 126 124

ot 23 122 120 119 1i8 Hio 1135 114 {12 111

109 1108 1107 1105 | 104 {102 {104 100 | 98 | 97
95 | 94 93 | 91 90 89. |87 | 8 | 85 84
82 i 81 80 | 79 IO 4| |2
7t 0 1 69 | 68 67 ] 66 | 65 | 64 | 63 | 62

62 61 60 59 58 57 $7 56 35 54
54 53 52 st 51 50 49 49 48 47
47 46 46 | 45 | .45 a4 . 43 43 1 42 42
41 41 40 40 |39 39 | 38 IR 38 | 31

i80 37 36 36 35 135 33 14 34 .1 33 33

476 331 | 32 2| 32 | 3t 3t 30 {30 30
0 29 | 29 2% | 28 2 |28 |28 L2 |27} 27 :
EI50 6 ¢ 26 26 | 26 25 1025 | 25 |25 -] 24 | 24 )
Foy 24 24 | 2 23 23 23 23 22 22 22
g 2oy 22 b2t g2t L op2e f2r 20 |2 f 20
9 20§20 20 19 19 19 |1 119 19 18
) 18 18 18 18 I8 i8 17 i7 17 17
25 17 017 17 1 16 16 6 (16 |16 | 16 | 16
450 6 05 poas pas Las s L as s s | s
1'33 i I i 11 1 i 10 10 10 0

SR8 g 8 8 8 8 8 8 8 8

—i

TR e
"

meduate values may be obtained by finear nterpolation.
TE 2 For material over 40 mm thick refer 10 subelause 300,




TABLE 2. ALLOWABLE STRESS me OR po INBENDING
(See also Clauses 19 and 20 ared Talbles 3 and 4)

Thick ne$5

Form (irade e Phe OF 8
of material
Jecrions, bars, plates, wide flats and 43 = A} 18
hot rolied hollow sections. AQBut = 00 | 165
" Compound beams cemposed  of o ey —
roled sections plated, with thickness 20 = 63 230
of plate, . =63 bur= 106 1 2iS
Doubls channel sections forming a p-—— -
symmetrical I-section which acts s . -
ymmets -seetiol hich ac <5 95 190
an integral unit.
FPlate girders with single or 43 = 44 P70
muttiple webs S-40bur = 100 | I35
50 =03 213
=63 bur = {00 20%)
55 = 25 265
Slab bhases Allsiecls 195




BS 449 : Part |

TABLE 3a. ALLOWABLE STRESS py. IN BENDING (N/mm*) FOR CASEA -
OF CLAUSE 192(2) FOR GRADE 43 STEEL

[ B

DiT

ihry
1 5 10 i5 20 25 30 35 46 45 50

—

40 180 180 180 180 180 180 180 180 180 180
45 180 180 130 180 180 180 180 180 180 180
50 180 180 180 180 180 180 180 180 180 180
55 180 180 180 178 176 175 174 174 173 173
60 180 180 176 172-1 170 169 168 167 167 166

65 180 { 180 172 167 164 163 162 161 160 160
70-1 180 177 167 162 | 159 |- 157 156 155 154 154
75 | IBO 174 163 157 154 151 150 149 148 147
S 801 1BG 1 171 159 153 148 146 144 143 142 141
85 | 180 168 156 148 143 140 138 137 136 | -135

90 | 180 4 165 152 144 139 135 133 131 130 .1 129
95 180 162 148 140 134 130 127 125 124 123
100 | 180- { 160 | 145 136 129 125 122 119 118 117
105 1 180§ 157 142 132 125 120 116 114 112 ] 1
116 | 180, | 185 139 128 120 115 111 108 | 106 | 105

s 1178 | is2 L6 | 124 | 116 | 110 | 106 | 103 | 100 | 99
201 177 L oiso Lz | 120 | 112 | 106 | 101 ] 98 | 96 | 95

LEO 174 '“146.; 127 113 1{H4 Q7 94 91 89 88
140 | 1704 ra2 | @1 |07 97 92 88 85 | 83 81
150 | 168 | 1381 116 | 100 92 87 g2 |” 19| 77 75
160 166 134 | 111 96 88 82 77 74 | 72 70
170 | 163 ] 130 | 106 92 84 77 73 6 | 67 | 65

180 | 161 | 126 Fwz | 8o | g0 73 60 6 | 6 | 60
190 | 158 | i3 i el oss | s 70 65 | 61 ] 59 | 56

200 156 119 5 g2 73 66 62 58 35 53
210 | 154 | 116 92 79 70 63 58 55 52 50
220 151 113 90 77 o7 61 56 52 49 47
- 230 149 110 57 74 85 58 53 49 47 44
240 147 107 85 72 62 56 51 47 44 42
250 145 104 B3 69 50 53 48 45 42 40
260 143 131 & 67 58 51 46 43 40 38
270 141 98 73 s 56 44 45 43 38 36
280 139 96 76 63 54 45 43 39 37 35
290 137 94 75 61 52 46 41 38 35 33
73 6O 51 44 40 36 34 32

300 1357 93

BS 449; Part2: 1969 Tables & Clause

from BS 449 Table 10: Allowable maxinium shear stress p,

10




Allowable maximum shear stress p, for sections, bars, plates, wide flats and hot rolled sections of

grade 43 steel:

For thickness < 40 mm: 125 N/mm?
For 40 < thickness <100 mm: 115 N/mm?

BS 449 Table 20: Allowable stresses in Rivets and Bolts (N/mm?}

Description of fasteners Axial tension Shear Bearing
Power-driven rivets 100 100 300
Hand-driven rivefs 80 80 250
Close tolerance and turned bolts 120 100 300
Bolts in clearance holes 120 80 250
BS 449 Table 20A : Allowable Bearing stresses on connected parts (N/mm?)
Description of fasteners , Material of connected part
Grade 43 Grade 50 Grade 55

Power-driven rivets A
Close tolerance and turned bolts 500 420 450
Hand-driven rivets

Bolts in clearance holes 250 . 350 400

BS 449 Table 21: Edge distance of Holes

Diameter of hole Distance to sheared Distance to relled,
or hand flame cut machine flame cut,
edge sawn or planed edge

mm mm mm

29 68 62

36 62 56

33 56 50

30 50 44

26 42 36

24 38 32

22 34 20

20 30 28

18 28 26

16 26 24

14 24 22

11
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