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BUILDING AND STRUCTURAL CONSTRUCTION N5
TIME: 4 HOURS
MARKS: 100

INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the questions carefully.

3. Number the answers according to the
paper.
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QUESTION 1: FRAME STRUCTURE

TQO(E)(N21)T

FIGURE 1 below shows a loaded roof truss, with three forces and a pitch of 30° at both
sides. The roof truss is supported on a hinge at RL and by means of rollers at RR. (The
20 kN, and 30 kN forces are perpendicular to the rafter beam.)

20 k\P

30 kN

40 kN

0

”

Q)

3,8m |

RL I
RR

1.1

1.2
distinguish betwee

Copyright reserved

‘and compression forces in the members.

(5)
[17]
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QUESTION 2: BOLT CONNECTION

FIGURE 2 shows a bolt connection with M10, grade 4,6 bolts between two tie-bars.

Calculats the:

2.1 (4)
2.2 (4)
2.3 (4)
2.4 ‘:n Qvithstand safely (1)

-M12 (12 mm)

-60 x 8 mm

-60 x6 mm

-14 mm

- 100 MPa

- 155 MPa

- 240 MPa

[13]
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QUESTION 3: CENTROIDS

FIGURE 3 below shows a cross section through a build-up steel section welded
together as one. The dimensions are given in mm.

400

Calculate:
3.1
3.2

3.3 The profile modules (z) ab

3.4 | éteel tables a I-profile parallel flange 1o replace this

The maximum bending moment and the shear force of a loaded simply
supported beam is 140,2 KN.m and 145,5 KN respectively.

olect from the steel tables, a suitable I-section with tapered flanges if the
following maximum values may not be exceeded:

Bending stress = 165 MPa
Shear stress = 100 MPa
4.2 Write down the steps, and the reasons, that need to be followed in the

calculation of beam design.

()
(4)

(2)
[13]

(9)

(11)
[20]
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QUESTION 5

A concrete pile with a diameter of 800 mm, supports a pile cap of
2 092 mm x 800 mm x 0,5 m deep, which supports two concrete columns. Theoneis a
hexagon column with 400 mm sides and the other is a square column with 600 mm
sides. The side of the square column starts and is in line with the right edges of the pile
cap. The centre point of the pile is 1 m from the right edge of the pile cap and on the
centre line. The hexagon column starts, with one flat side, at the left edge:-of the pile
cap, which must be constructed on the remaining space of the pile ca

Draw to scale 1 : 10, only a top view of the columns, pile cap,and: pile, with the
following steel reinforcement and constructional details. Drawing mu illy labelled.

Hint is provided, but accuracy is very important.

51 8Y20 main steel reinforc
the concrete pile

[20]
A ‘ 152 x 38 mm
B lough carriage: 114 x 76 mm
C Rough bracket: 114 x 25 mm
D Tread: 310 x 30 mm thick
E Going: 280 mm
F Rise: 180 x 22 mm
G Wedge and comner fillet to support the housing joints [15]
TOTAL: 100
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TOO(E}(N21)T
FORMULA SHEET
Any applicable formula may also be used.
Bm= 2
4 -
' bd’
9 XX= bd2
BM = Yg.l_ 12 Zxx =
3 6
n = 5d “ '
n = 5.5d e Mar P4 gt
h = 9d 2
h = 11d
F = fa
E = fs n.D°n
4
F=ft(W-n.d)

*
%
lN
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SABS 82 SHAPE CODES

20

52

5

.
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* MARKING GUIDELINE -2- TOO(E}N140)T
BUILDING AND STRUCTURAL CONSTRUCTION N5

QUESTION 1
17,32 25,981 0 TR
i l l 0,548 m
10 4©)
RL 0,95 0,95m 1.9m RR

:Take moments at RL; ACM = CW
(Rx3,8) = (25,981x0,95)+(40x1,9)+(15,x0,548)
Rgr = 28,658 KN v/

‘Take Moment at RR: Cw = ACW
(Lx3,8)+(15x0,548) = (40x1,9)+(25,981x2,85)+(17,32x3,8) v
L = 54,643KN vV

(6)
Rr is on rollers, thus the force is Vert up, = 28,658 KN N
But Ry is fixed;.thus we nse Pythagoras to find the Result or Equilibrium, F
RL= W 25 go Right,
We need 25 to the Left to
R. = \/ (25°+54,643°) v balance
RL= 60,09 KN
.To find the direction use Tan,
Tan @ = ._54;6543 v
@ = 65415° « tothe horizontal (orSfromE) v
(6)
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BUILDING AND STRUCTURAL CONSTRUCTION N5

To find the members P and Q Analytical (work around nodes)

.Graphical solution
Scale Tmm=1KN

Find member, P P
Px Sin 30° = 54,643 30° ¢
P = 109,3KN strut v
. B ,
.Find member, Q; A
Q = 25 + 109,3 x Cos 30° 60,09 KN
Q = 1196 KN Tie B

€ Sr=119KN
(5)
[17]
QUESTION 2
2.1 2.2
_ force - force
fenear = 2XNXTXF’ fonsing = n.x.d.x.t
load = fex2xnxmxr® load = foxnxdxt
= 100x2x4xmTx6> - 240x4x12x8
= 90477,868 N = 92160 N
= 90,478 KN W (4) = 92,160 KN VW (4)
2.3 24
' force
f tearing (Bxt)—n(d.x1) Max force this connection can safely
load = fix[(Bxt)-2(d x1)] N withstand, (is the smallest)
= 24 -
J Ox[(60x8)-2(14x8)] | 1o = 6144 KN (1)
= 61440 N
= 61,44 KN W (4)
[13]
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* MARKING GUIDELINE
BUILDING AND STRUCTURAL CONSTRUCTION N5

QUESTION 3
Area | Y-Dist AxY bh° Dist to NA Axd?
12 (d)
2800 200 560000 37333333,3 71,511 14318704,74
2| 1500 405 607500 12500 133,489 26728969,68
4300 31167500 ¥ | £37345833,33VY 41047674,42 N
hY
\ / (4)
S AXY 3.2; \“ z/
Y = 1167500 = 37345833,33 + 41047674,42
4300
= 78393507,75 mm’
Y =271,511 mm W (4)
e = 78,394 x 10° mm* W (5)
3.3
Z=""1 Select a beam | section parallel 77?777
Z = 78.394 x 10° mm*
271,511 mm
Z = 288730,504 mm*> Y (2)
[15]
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BUILDING AND STRUCTURAL CONSTRUCTION N5

QUESTION 4

To select a beam ?

Ze

1, Calculate the Sectional Modules (Ze)

= 0,000849697 m®

= 849,697 x10° m®

2, Select a Beam ( |-section Taper)

BMOmax = Bstress X Ze = 305 X 152 X 86,4 Kg/m \/
BMo.max
Ze = ———°
B.stress
_140,2x1000Nm \ -
165x10°. 1\7 , qu this selected beam has to be check for
m safety

3. Check for SHEAR Stress

Shear Stress =

ShearLoad
Area

_145,5x1000.N \/
305.x.10,2.mm* ‘ \/

\/

Thus; 46,77 < 100 MPa, beamis OK

= 46,77 N'mm? v/ (MPa)

4.2

Copyright reserved

1, Calculating the reactions at the supports,

A= L and R, this is to determine the load that will be on the columns or
supports

2, Calculating the shear forces at different positions,
A= this is to determine where the maximum shear force will be

3, Calculating the bending moment at different positions,
A= this is to determine where the maximum bending moment will be.

4, Calculate the Sectional Modules (Ze);
A= use the formula, "BMomax = Bstress x Ze, with this value a beam can
be selected to carry the desired loads

5, Select a beam
A= from the structural steel tables,

6, Check the shear stress;

A= this is to check the safety of the beam, selected. This must be done
because the calculated, Ze, value do not agree the, Ze value of the REAL
beam, seiected. This must not exceed the shear stress max allowed.

©)

2

(2)

(2)

(1)

(2)
[20]
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QUESTION 5

PILE —~ PILE CAP AND COLUMNS

A | T—_8Y20- MainRS Vv

Hexagon Column

L 6Y16- MainRS Vv

_____ 8R-150 - Helical binders v¥/

Pile

10R-200 - Helical binders vV

Square Column v

\avzo- Main RS v/

8R-350 — Binders vV

PILE CAP 2092 X 800 vV

/

Scale 1:10 vV Accuracy v/
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QUESTION 6
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