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S The total Number of exam pages IS 10.
“+ Answer All Questions in the electronic answer form.
§ = Use the answer book for drafts only.

Very important
Read carefully

Question No. 1: (60 Marks)
For the following questions, choose the correct answer:

1) With the decrease in the amount of compaction energy, ------e=-e--

(a) Optimum water (b) Both optimum (¢) Both cptimum (d) Optimum water
content increases water content and water content and content decrease
but maximum dry maximum dry maximum dry but maximum dry
density decreases density decrease density increase density increases

2) . Pick up the correct statement from the following: -

(@) A maximum value of  (b) At low values of (c) At high values of (d) All of these
dry density of water content the water content, the
compacted soil is resistance of dry density of
obtained at minimum trapped air in the compacted soil
water content compacted soil decreases with an
voids is high increase of water
content
3) Which of the following is used in compaction tests?
(a) Smooth wheel (b) Pneumatic (c) None of these (d) All of these
roller tire roller

4) Low dry density at high optimum water content can be achieved when compacting

a-) Coarse grained b-) Fine grained ¢-) Medium coarse d-) Saturated soil
s0il soil grained sail
5) In standard compaction test, the hummer falls from a heighf of _ cm.
a-) 305 b-) 35.0 c-) 405 d-) 450

6) The main target of compacting soil is to

a) Increase the
coefficient  of
permeability

b-) increase the c-) increase soil the d-) All of the these
shear strength compressibility
parameters

7) The preliminary depth of the base of a cantilever type retaining wall can be assumed

a) 0.50 the wall height b) 0.20 the wall height
c¢) 0.35 the wall height d) none of these

8) In a counter fort retaining wall, the spacing between the webs can be
a) 0.25 the wall height b) 0.4 the wall height
c) 0.35 the wall height d) 0.75 the wall height
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The cantilever retaining wall shown below is backfilled with granular material
of an internal angle of friction of 30°. Assuming that the allowable bearing
pressure of the soil is 120 kN/m?, the coefficient of friction below the base is
0.4 and the unit weight of reinforced concrete is 24 kN/m®. According to this
information, answer the following questions from9 to 20.

6= 30°
c=0
) 5.00 \ ] y=1
J, | Fa
D A ~
. 0407 “ |
AT YW,
0.70 0.40  2.90 Active

pressure = 34.2 kN m—*

9) The unit weight of the backfill material behind the wall equals

a) 15 kN/m® b) 19 kN/m?® c) 22kN/m* d) 17kN/m®
10) The horizontal force is --------- kN/m

a) 92.34 b) 75.23 ¢) 102.45 d) 65.32
11) The Weight of the stem (Ww) is -———---—-- kN/m

a) 45 b) 43 c) 48 d) 40
12) The Weight of base (Wb) is -----—-—- kN/m

a) 448 b) 38.4 c) 256 d) 34.8
13) The Weight of soil (Ws) is ~---~--=-nu- kN/m

a) 275.5 b) 286.4 Cc) 234.8 d) None of these
14)The factor of safety against sliding is

a)1.72 b) 1.35 c) 1.56 d) 1.65

15)Taking moments about point A (see above), the sum.of overturning moments is
a) 132.5kN.m/m  b) 154.3 kN.m/m  c¢) 166.2kN.m/m  d) 150.5kN.m/m

16) Taking moments about point A, the sum of resisting moments in kN.m/m is

a) 822.5 b) 850.2 c) 650.3 d) None of these
17) The factor of safety against overturning is
a)2.5 b) 4.9 c) 1.7 d)1.3
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18) The eccentricity of base reaction, e, is

a) 0.187 m b) 0.232 m ¢) 0.356 m d) None of these
19) The maximum base pressure in kPa at the toe is

a) 116 b) 213 c) 170 d) 192
20)The minimum base pressure in kPa at the heel is

a) 65 b) 53 c) 42 d) 22

21) A long natural slope of cohesion-less soil is inclined at 15° to the horizontal. What will
be the factor of safety of the slope if ¢ = 30°?

(@) 1.73 (b) 1.52 (c) 2.12 (d) None of these

22) The stability of an infinite slope can be investigated by which of the following method?

a- ) Taylor's chart meti b-) Swedish ¢-) Circular arc meth: d-)  None of
method mentioned
23)The Bishop simplified method can be used to estimate the factor of safety of ...............
soil slopes.
a-) (c-@) only b-) (c) only c-) () only d-)All of them
24)On designing retaining walls it is necessary to take care of ............... exerted by soil
mass.
a-) Erosion b-)Surcharge c-)Lateral pressure d-)Vertical stress

25)The shear key of the retaining walls is provided to ..........

a-) Increase passive resistance b-) improve appearance
¢-) avoid sliding of the wall d-) All of them

26)R.C Cantilever retaining walls can safely be used for a height not more than ..........
a-)2m b-)3m c-)5m d-)9m
27)Gravity Retaining walls can safely be used for a height not more than ..........

a-)3m b-) 6 m c-)7m d-)9m

An embankment has the profile shown in the following figure.
Assuming that tension cracks do not develop. Use Bishop solution

Method (Use four strips). Take average pore water pressure ratio (ru)

= 0.5 for the questions from 28 to 31.
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** The equation of the factor of the safety of the slope using Bishop solution Method is

1 5 (C*b+ WA —r)tand)seca

*
JWsina tan(a)*tan(¢)
1+ F.0S

F.0.§5 =

- 28) The value of the (£ w * sin (a)) of the four slices willbe ......................
a-) 220.5 b-) 170.5¢c-) 145.54 d-) 110.36
29) The value of the first trial of the factor of the slope from the equation will be

a-) 1.31 b-) 1.14 c-) 2.61 d-) 243
30)The value of the second trial of the factor of the siope from the equation will be

a-) 1.35 b-) 1.11 c-) 2.61 d-) 2.73
31)The final factor of safety of this slope with respect to shear strength failure along the

slip circlewillbe ................
a-) 1.36 b-) 1.13 c-) 2.62 d-) 2.74

Consider a bank of canal has the profile shown in the following
figure. For the trial slip circle shown the area (ABCDE) is 165 m* and
the centered is at (G). Tension crack is (CD)for the question of NO. 35

only.

C= 0.3 kg/em®
$= 0.0
y=18t/m?

35)The factor of safety of the slope using Circular Arc Method will be ............ . f
canal is empty.
a-)0.31 b-) 1.29 c-)1.26 d-) 2.93
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Solve the following questions from 33 to 44 considering three walls (a),
(b) and (c) in the following Figure:

+AH - AH
— > e
\ | / ! 4
/ ! -
«— 0 “x « ) <0 ; yd
VI oseit / ! Soil /
V|| failure / | failure /
v | wedge/ i wedge 7
\ / 1 yd
Height = H Height = H / Height=H ||/
\oL o/
— Y
(a) (b) (c) - )
] i The soil behind the wall has cohesion intercept = 0 and internal friction angle of ¢ ’
33) The coefficient of earth pressure to be used to calculate earth pressure on the wall
(a) is
a) Atrest b) Active
c) Passive d) 0.5 of passive
34) The coefficient of earth pressure to be used to calculate earth pressure on the wall
(b) is
a) Atrest b) Active
c) Passive d) 0.5 of passive
35)The coefficient of earth pressure to be used to calculate earth pressure on the wall
(c)is
a) Atrest b) Active
c) Passive

d) 0.5 of passive
36) The coefficient of earth pressure to be used to calculate earth pressure on the wall
(a) is
a) 1-sin (¢)
c) [1+sin (§))[1-sin (¢)]

b) [1-sin (¢)}/[1+sin (¢)]
d) [1+sin ($))[sin (9)]
(b) is

37) The coefficient of earth pressure to be used to calculate earth pressure on the wall
a) 1-sin (¢) b) [1-sin (¢)V/[1+sin ()]
c) [1+sin (¢)}/[1-sin (¢)]

d) [1+sin ($)Vsin ()]

38) The coefficient of earth pressure to be used to calculate earth pressure on the wall
(c)is
a) Atrest b) Active
c) Passive d) 0.5 of passive

39) The angle from vertical of the wedge behind the wall (a) is
a) 45+ ¢/2
C) zero

b) 45- ¢/2
d) None of the above
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40)The angle from vertical of the wedge behind the wall (b) is

a) 45+ ¢/2 b) 45- ¢/2

C) zero d) None of the above
41)The angle from vertical of the wedge behind the wall (c) is

a) 45+ /2 b) 45- ¢/2

C) zero d) None of the above
42)The movement AH required to achieve the condition of wall (a) is

a) zero b) about 0.01 H

c¢) about 0.001H d) None of the above
43)The movement AH required to achieve the condition of wall (b) is

a) zero b) about 0.01 H

c) about 0.001H d) None of the above
44)The movement AH required to achieve the condition of wall (c) is

a) zero b) about 0.01 H

¢) about 0.001H d) None of the above
45)The Factor of Safety in the calculation of B. C. Depends on:
<a) Typeofsoil. b) Uncertainty in Soil c¢) Importance of structure; d) All the above

. Characteristics. and consequences of

failure.

46)Punching shear may occur in loose sand with relative density less than
a) 45% b) 50 % c) 35% d) 20%
47)Which of the following is a characteristic of general shear failure?

Failure is accompanied b) Failureis sudden c) Buiging of shearing d) All the above
by compressibility of soil mass of soil

48)If the allowable pressure for a footing to avoid shear failure in the soil under the
footing is 170 kPa, the allowable pressure on footing to avoid exceeding the
tolerable settlement is 120 kPa, and the effective overburden pressure at foundation
level is 30 kPa, then allowable pressure to be used in sizing the footing is
a) 30 kPa b) 120 kPa
c) 150 kPa d) 170 kPa

49)If the allowable pressure for a footing is 150 kPa, the column (0.3mx0.6m) load is
1500 kN, then the footing size shali be:
a) 3.2mx3.2m b) 3.0mx3.35m
C) 2.5mx2.5m d) 2.5mx3.0m

Consider the footing and soil in the Figure in solving the

following 3 questions from 50 to 52.
50) The net ultimate bearing capacity of Q. = 150 ton

the footing is......cccccoceveienee
a) 48.75ton/m®>  b) 16.25 ton/m?

c) 1.85 ton/m? d) none of the above
51)If factor of safety is 3, the net |
allowable bearing capacity of the B > l
footing iS....c.cvoveievirreiienene (square) oL
a) 48.75 ton/m” b) 16.25 ton/m? Cla 1= 185 Um®
c) 1.85 ton/m? d) none of the above y Cu=75Um?
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52) If the footing is sized only to avoid shear failure only, the width of the footing is

(Ignore difference in yconc & Y50il)...cuceeinverecreveninneereesrneernene
a) ~3m b) ~1.8m c) ~9m d) none of the above

Consider the footing and soil in the Figure in solving the
following 6 questions from 53 to 58. If the allowable column load
P is 4875 kN for footing settlement of 25 mm.

53) The average SPT N values of the
. sand layer under the footing are

T e Ground
a) 20 b) 15 c¢) 25 d) none of the above I Surface
54) An estimate of the friction angle of 1.25m BEEER LA FEEER .
the sand under the footing is : Gy
..................... ’ Ground
a) 33.5° b) 31.5° Water
c) 35° d) none of the above SMX5M  sand -
. ¥ = 18 KN/m?3
, 55) The unit weight of the sand to be used in bearing capacity calculations is............
a) 18 kN/m?® b) 8 kN/m® ~ ¢) 9.3kN/m® d) none of the above
56) The bearing capacity factor Nqis......ccoceeveveevevrecnnnen ‘
a) 26.4 b)22.2¢c)33 d) none of the above
57) The bearing capacity factor Ny is........cccceveveeererennnn.
a) ~16.6 b) ~12 c) 23 d) none of the above
58) The ultimate bearing capacity of the footing is........ccc.occoevevereeeeeeerenns
~ a) 1315kPa b) 1050 kPa c) 1715 kPa d) none of the above

59)The Taylor's stability number is 0.05, unit weight of clay = 20kN/m®, C = 0.25kg/cm?, the
critical height of the slope of the soil (F.0.S.=1),is ......cvvvn.....

NtH

a-)4.0m b-125m c-250m d-15.0m

60)Natural slopes may fail due to change of stress by ............c............. . -

a- ) adding loads at tc b-) increasing c-)excavation at the 1 d-)All of the
the slope angle of the sl the slope ’ mentioned
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Question No. 2: (15 Marks)

For the following phrases, choose True (T) or Faise (F) in the electronlc
answer form:

[1] The process in which soil particles are packed together into a closer state by spilling
out air in order to improve its behavior is known as compaction.

[2] The modified proctor test consists of compacting soil in § equal layers, each layer
' given 15 blows of hammer.

[3] In the standard Proctor test, soil is compacted in 3 layers.
[4] The core cutter test is used for evaluating the compaction of cohesive soil in field.

[5] The efficiency of soil compaction can be defined as the ratio of the maximum dry
density of a compacted soil to the field dry density of the same soil.

[6] Pneumatic tire rollers are used to compact wet sand and wet clay.

[7] Sheep’s foot rollers are most suitable for compacting dry clay.
[8] The modified Proctor test is suitable for evaluating the maximum dry density of
- compacted soils below airport runways.

Consider the following Figure to answer the following questions from 9 to 12

K

-
et

-

-
-
-

(2}

[9] The mode of failure of the retaining wall in (b) in the figure above is Siiding

[10] The mode of failure of the retaining wall in (a) in the figure above is excessive
settlement.

[11] The mode of failure of the retaining wall in (c) in the figure above is overstressing
[12] The mode of failure of the retaining wall in (d) in the figure above is Over turning

Consider the following Figure to answer the following two questions13 &14.

(A) {8)

[13] The retaining wall (A) in the figure above is of the gravity type
. [14] The retaining wall (B) in the figure above is of the semi gravity type
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[15] The web of a buttressed type retaining wall bears compression, while the web of a
counter fort type bears tension.

[16] The factor of safety of the slope in Finite Element Method (FEM) can be defined in
two ways: Force Equilibrium and Moment Equilibrium.

[17]1In Shear Strength Reduction Method of the slope stability, the shear strength of the
soil slope was increased in steps until the soil mass fails.

[18] One of the main methods to increase the stability of the slopes is to excavate the
soil at the slope toe.

[19] The location of the sip surface is the location that slip surface has a maximum factor
of safety of the slope.

[20] The increase of the embedded piles length in the slope below the slip surface
céuses decrease of passive resistance pressure, which cause equilibrium state with
the acting lateral pressure. ‘ R

‘ [21] The factor of safety of sand slopes ((¢) soil) always affected by the existing or not
existing of Ground water level.

[22] The tension crack depth (Zo) in (cu-soil) can be estimated using the following
equation:

Zo=2*C/y *H.

[23] The method of slices for the slope stability is called Taylor stability chart method.

[24] The Taylor’s stability number can be used to determine the stability of sand slopes.

[25] Artificial finite slopes include earth dams and unsupported excavations.

[26] As the shear strength of the soil increases the active earth pressure increases

[27] As the shear strength of the soil increases the passive resistance increases

[28] As the shear strength of the soil increases the at rest earth pressure stays constant

[29] In case of clay with undrained shear strength of 20 kPa and unit weight of 20 kN/m?,
then the depth of 0 active pressure is 2 m. :

[30] In case of sand with friction angle of 30° and unit weight of 20 kN/m®, then the depth
of 0 active pressure is 2 m.

[31] Considering only the shear failure in sand, the net allbwable pressure increases with
the increase in footing width.

[32] Considering only the allowable settlement in sand, the allowable pressure increases
with the increase in footing width.

[33] The net allowable bearing capacity (shear failure) in clay with undrained parameters,
increases with the increase in footing width.

[34] As SPT N values of sandy soils increase, the bearing capacity (shear failure)
increases

[35] As SPT N values of sandy soils increase, the compressibility of the soil increases.
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[36] If a square footing that is 2m in width is loaded with an average pressure of 100 kPa
then the zone of influence under the footing shall be 1.7m.

[37] If the soil under the footing above has SPT N values of 15, then the settlement of the
footing shall be less than 1 cm.

[38] The failure of slopes may take place due to Action of gravitational force.

[39] Net ultimate bearing capacity of a footing embedded in a clay layer increases with
width of the footing.

[40] The Ordinary method can be used to estimate the factor of safety of ¢ soil slopes

Z=Bo75 Units meter
S i
Calculate average N over ’l |
|

Z. betow foundation level [

i ) Z
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Solve all questions

Question (1) (12 Marks) ge o 2y % d

N LU . : N

N A TR
Using the slope deflection method, draw W I I N
the B.M.D for the given frame of 4m
variable I shown in figure 1.

‘ L 3m 3m . 3mYSN3m . 3m 3m
e e Sy Sy om
Question (2) (18 Marks)
9t 9t
Using the slope deflection method, draw the a 3 t/m b ¢ :
B.M.D for the shown frame in figure 2. Also §””””””””’ LI =
find the relative rotation at hinge e if EI=4000 : I I =
t.m~ I 4m
figure 2 6t_) Se I
2m
d
NN ANY 2m
Question (3) (15 Marks)
6t b 2t/m c

Using the moment distribution method, draw the T,

B.M.D and S.F.D for the given frame in figure 3.
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Question (4) (12 Marks) 1t
] a b S, c ¢
i .Y
For the beam shown in figure 4, construct ,,ﬁ 21 mA2 - s I m-A-
| the influence lines of the reactions at «—
supports a ,b and c. Also construct the L 10m L 8m 1. 3m o]
influence lines of the straining actions a fioure 4 o
(N, Q, and M) at the section s-s Heure 2
Question (5) (16 Marks) 1t
For the structure shown in figure S < b > Y
or the structure shown in figure 5, o— =
construct the influence lines of the reactions =~ TR
at supports a -and b. Also construct the fi 5
influence lines of the straining actions (N, Heure 2 6m
Q, and M) at the sections s-s and m-m.
. a B
le—>ie SR e >
2m 3m ' 2m ' 2m" 6m .
Question (6) (12 Marks)
For the shown I - section in figure 6 find the plastic neutral axis and « 200 mm__,
the plastic modulus of section Zp and the plastic moment Mp about [ 1 20 mm
the axis perpendicular to the web of the section for the following two
cases: %0
1. Case of the yield stress in tension and compression are the | = 300 mm
same and equal 250 N/mm® and the upper flange in
compression figure 6
2. Case of the yield stress in tension equals 250 N/mm? and the | ] F20mm
. . . 2
yield stress in compression equals 300 N/mm? and the upper —
flange in compression 100 mm
Hints:
P
i P 4{ L/; p 3PL/16 -wL?/12 wL?/12
\.
S \ N
\
|*—*I<—>|<——>| 1«——» e
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Systematic arrangement of calculations and clear neat drawings are essential. Any missing data can be
reasonably assumed. The exam consists of FOUR problems in two pages.

Kor all problems consider: f.,= 35MPa, fy= 400MPa for all RFT. |__TRY ALL PROBLEMS

Problem # One |(20Marks)

i) What is the meant by equilibrium torsion? Why is it also called primary torsion and
statically determinate torsion? (2Marks)

ii) Explain failure modes of beams that subjected to pure shear and pure torsion. (2Marks) 900/ g ZOH
iii) Drive the equation of internal torsional moment of a rectangular RC solid section. (2Marks)
iv) Make a complete design the rectangular solid section 500x900mm shown in the F igure 1

\ 2

subjected to ultimate shear, Qu= 550kN and ultimate torsional moment, M= 250kN.m.
(6marks)

v) Figure 2 shows plan of a beam with cantilever ABC supported on columns A and B. The Fig. 1
beam carries four cantilever beams CD, BE, CH and BG. Also carries two cantilever slabs. An ultimate loads Py
and Puz apply at the ends of cantilevers. The ultimate loads o :
Pur= 100kN are applied at points D, E and H, whereas the Pur=100kN _ Pui=100kN Pur= 100kN
ultimate load Py= 70kN is applied at point G. the cantilever A D4 p ) E H
.slabs carry an ultiiate total uniform load= 20kN/m?. The | 2.Qm

SN WNB C

0
500mm

columns A and B are restrained against rotation about z axis.
Neglect own weight of all beams and slabs. It is required to
draw BM.D, S.F.D and T.M.D of the beam ABC. Find the
total reactions at the column B. (8marks) Pur="T0kN |

Problem # Two (30Marks)

1) What is the importance of the solid parts in ribbed slab
systems? (3Marks)
ii) Explain how to choose type of slabs in a negative moment region in 3.5m
hollow - block slab systems. (3Marks) v . |
iii) Figure 3 shows structural plan of a roof panel ABCD with cantilever
slabs. There are two openings at the corners A and C, that used as a duct. B
The roof is supported on projected beams with cantilevers BAH, DCE, i T Cli
BCF, and DAG with cross-section 0.25x0.8m. The beams are supported on ? 1 Duct
four columns A, B, C and D. The roof is subjected to live load= 5kN/m? | |
and flooring cover= 2kN/m?. All beams and walls surrounded by the ducts ‘
carry brick walls with a width 0.25m and height 2.7m and a density equal | i
to 12kN/m’. It is required to carry out the following: ' |
i. Suggest the suitable structural systems of all slabs and the ducts. Duct I |
Determine the carried loads by critical strips for all slabs and draw B.M. G 1A
and S.F. diagrams for all critical strips. (10Marks)
ii. Design critical sections for all strips and determine the load carried by
the projected beam BCF. (9Marks) ; 35m
iil. Draw on plan and needed cross-sections the reinforcement details of 2m 7m 2m
all slabs. (SMarks) '

!Problem # Three| (29Marks)

A) i-What are the advantages and disadvantages of RC flat slab floors? (1Mark)

ii- When the moment transferred from flat slabs to column may be ignored in column design? (I1Mark)

ili- As per ECP-203 code, what are the conditions of approximate solution of RC flat slabs? (1Mark)

iv- As recommended by ECP-203 code when the punching shear reinforcement in flat slabs can be used? (IMark)

{
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Y v —

2m

| .

7m
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B) Figure 4 shows plan of a typical floor of RC flat slab with
panel 7.0x6.0m and resting over column heads. The flat slab is
subjected to uniformly live load and floor cover of 6 and
2.5kN/m?, respectively. It is required to carry out the following:

1. Estimate the concrete dimensions of the following elements:
slab, marginal beams, and column head to satisfy the minimum
requirements of the ECP-203 Code. (2Marks)

ii. Using the ECP-203, determine the critical bending moment of
column strips at axis B-B only. (3Marks)

iii. Design the critical sections due to bending moment of column E I
strip at axis B-B only. (4Marks) e e L0m ., 7.0m . 70m

iv. Calculate the moment transferred from the flat slab to the column C2 by the torsion only. (3Marks)  Fig. (4)
'v. Check the punching shear stresses for the interior column C2 for case of total loads only. (3Marks)

vi. Draw on plan the reinforcement details of the column strip at axis B-B. (3Marks) PR e e T,
vii. Calculate the loads and internal straining actions acting on the marginal beam in & : i
Y-direction. (3Marks) = :

C) Figure § shows the layout of panelled beams covering an area of 9.0 x 12.0m. #
'The' slab is subjected to L.L. = 5kN/m? and cover= 2.5kN/m2. The slab thickness is § ;
100mm. The internal paneled beams have 250mm width and 600mm depth, where b
the external marginal beams have 300mm width and 1000mm depth. Make complete 8

design (design + reinforcement detailing) for the beam Bxj only. (4Marks) “ Bxi
]Problem # Four | (10Marks) Fig. (5) &
(A) Figure 6 shows a structural plan of a staircase. The slabs of the staircase are "ﬁmeﬁzﬁwn;—.

rested on RC walls at the floor level at levels 3.00 and 6.00m, while a broken beam : ‘

was utilized to carry the slabs at the landing levels at 4.00 and 5.00m. )t is required to sketch without any

calculations, the suggested statical system; loads; shape of B.M.D and details of reinforcement for critical strips of

the stair elements. (4Marks)

(B) i-State the possible modes of failure could take place in the RC corbels. (2Marks)
ii-For the corbel shown in Figure 7, the total depth of the corbel (t) is 500mm while its effective depth (d) is about
450mm, the shear span of the corbel (a) is 150mm with width (bc) of 350mm. The total ultimate applied vertical
and lateral loads are Qu = 500kN and Nu= 100kN. 20mm thick steel plate is used. The friction coefficient My is
taken 0.80. It is required to calculate the dimensions of the steel plate. Make a complete design (design + drawing
details) of the shown corbel. (4Marks) .

L 15om  100m,  1.80m | 120m |

x F—T> - 1T - — . - Steel Plate
E RC Wall piadi] 8
. T L Nu
¥ I 1/ S hi _ . . 5 -
= =) Y D U T T E

= = D O ]

2 ;I _______ 2 t

e = -

ik RC Wall E i i i i < L

x L1y .

i \
\
Fig. (6 Fig. (7)
With best wishes ,
Prof. Dr. Tarek Fawzy El-Shafiey - Dr. Ali Hasan Dr. Mohamed Ellithy
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Structural Engineering Department o
Tanta University Faculty of Engineering

Design of Steel Academic Year
Structures (a) 2022/2023 Course Code
Year/ Level | Third First- Semester Exam
Date 15-1-2023 No. of Pages (5) Allowed time | 3 hrs
Remarks:

¢ The exam consists of seven questions in three pages,

e Any missing data may be reasonably assumed, ,

e The code of practice and the tables of the steel sections are not allowed to use

Course Title CSE3124 (Str.)

CSE3111 (Civil)

Question Number (1) (15%)

It is required to cover an area of 48mx26m using the main system shown in Fig. 1. The covered
area is located in Hurghada city and used arTindustrial factory with width 20m attached with side
car shed 6m. The used covering material is single layer of steel corrugated sheets. It is required to
draw with suitable scale different views of the system showing the arrangement of systems and the
used bracing systems.

Question Number (2) (15%)

For the same shown main system (Fig. 1), if the spacing between trusses (S) is equal to 6m, the own
weight of steel is 30 kg/m? and the own weight of the covering corrugated sheets is 6.0 kg/m?. In
addition, if the factory is located in Hurghada City (with basic wind speed (V) 36 m/sec), and the
live load is 57 kg/m? of the covered area.
It is required to:

1- Only calculate the wind loads acting on the shown structure. (10%)
(Consider K=1 for (H<10 m) and K=1.15 for (H>10m ,Cc=Cs=1)

7- Calculate the ultimate force of the vertical member Vi if:
Fpi=-10t, FLi=-13 tand Fwir=+7t, FwLL=-9t. (05%)

\ Roof Cover

3

A B Roof Cover

PREaL ~1:10

i
1

20m
4.0 m

20m

Side Cover Side Cover

10(2.0) = 20.0m ' A 2020 =60m

Question Number (3) (20%)

a) Design the upper cord member (AB) shown in Fig. 1, knowing that: Max. F.ve =-10t,
Max. Five =+12 t, the connection for the member at joint A is welded, and at joint C is

Bolted (M16), steel used St 37 (Fy = 2.4 t/cm?) (13%)
b) Check strength only for a welded vertical member with two-star shape angles (50*5) if L
=230 cm, Five =+19 t, steel used St 44 (Fy = 2.8 t/cm?) (7%)

Angle {:nrz?eo(f«;;r;‘): (cfn) ix (cm) iu (cm) iv (cm)
50 x5 4.80 1.40 1.51 1.90 0.98
60x6 - 6.91 1.69 1.82 2.29 1.17
70x 7 9.40 1.97 2.12 2.67 1.37

80 x10 15.10 2.34 241 3.03 1,54

90 x9 15.50 2.54 2.74 3.45 1.76

Question Number (4) (15%)

For the field splice connection at upper cord given in Fig. 2, it is required to:
(1) Design the required welds and the number of bolts for every member. Use M20
(As=2.45cm?) Grade 6.8 (Fyv= 4.8t/cm?, Fuy= 6.0t/cm?), (vertical load from purlin is 2 t).

(2) To scale 1:10, draw the given joint.

2t 1 2 angles b&b 90*90*9

1 =13t (bolted)

2 angles b&b 50*50*5

U2 =4t (welded)

D1 =14 t (bolted)
one angle 80*80*10

V1 =09 t(welded)
2 angles star shape 60*60*6

Question Number (5) (10%)

Check the stresses for the bolts in the following bracket (Fig. 3) by using high strength bolts of
grade 8.8 (Fyo= 6.4t/cm?, Fu= 8.0t/cm?), as bearing type (M22 - A=3.03cm’) and use steel plate of
grade St 37.

ForIPE 300 b=15cm t=1.07cm d=30cm tw=0.71lcm

T _.20cm
] d’l P.=10t
‘.;. ...... Fodeo ——
i | tp=20cm IPE 300

IPE 300

D SR 5 SRR S,
e=12cm AT 1 TA
l
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Question Number (6) (15%)

Calculate the values of (Mp,M,.,L, and L,) considering a beam cross-section of HEB 500. Assume
the steel material is St 52. Then, calculate the flexural design strength (¢, M,,) if the unsupported
length of the beam is 10ms.

For HEB 500

b=30cm t=2.8cm d=50cm tw=1.45cm

A=239cm? 1n=212cm r,=7.27cm  S,=4287cm’ Z,=4815cm’

Question Number (7) (10%)

According to the Egyptian Code of Practice, compute the effective in-plane buckling lengths for
columns 1-2, 4-5 and 8-9 of Fig. 4.

< 3

Page 3 of 5




Guide Equations:

For wind load
P=C.Kq (kKN/m? , Where q=0.5%*10%p V2 C, Cs
p: Density of air = 1.25 Kg/m?

Load Combinations:

U =14D
U=12D+ 16L + 0.5Lr

U =1.2D + 1.6Lr + (0.5L or 0.8W)
U=12D+ 13W + 0.5L + 0.5Lr
U=12D +1.0EQ + 0.5L
U=09D +(1.3W or 1.0EQ)

Design strength of tension member

For yielding of section (GSY)

P, <0, Fy A, with ¢,= 0.85 ]
For net — section fracture (NSF)
B = ¢, FyA, with ¢,= 0.7

A. = the effective net area =U A,

Aq = the net area for the bolted member, however for staggered holes in ECP2011.An is taken by
the gross area of each individual bath and subtract the diameter of the holes along each line and
adding the quantity (s2/4g) for each inclined line.

Ag = the gross area of the welded member U =reduction coefficient
Approximate value of U
Bolted Member

Configuration Conditions | U

n<4 0.6
n4 0.8

Single angle

Welded Member

_=ﬂ L --l][% bd<067 | 0.85
(All other section) 1 —

Design strength of compression member
Pym=¢c * Pu=tc * Ag* Fir where ¢. = 0.8
For Ac< 1.1 Fer=1y (1 -0.3842.7)
For Ac > 1.1 For=0.648 £/(k.)’
Slenderness parameter (A.) is defined as

f, 1
}w:\/é:;”ma"*? VE
Strength of bolted connections
Shear Strength (for Bearing Type)

- For bolt grades 4.6, 5.6 and 8.8 BuRup = 0,(0.6 fip)Asn @, =06
- For bolt grades 4.8,5.8,6.8and 10.9 =~ @,Ry,, = G,(05 f,)4,n B, = 0.6
Plate Bearing Strength

0.8 €y

G}}'?RM‘ = gbr d (minZt (Qf f;‘) <24

Weld Shear Strength
DRy = 0.75 (04 fi)

} gbr =07 a=
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Flexural Design Strength (compact sections): @, = 0.85
a)l, <L, M, =M,

My=2p fy
b)L, < L, <L,
M. =f; S, fu=075f, for rolled sections

333"—‘5‘-\/ (1+ 1+ 2Xf)2)

X = 0. 1a4frr d y2

¢) Ly > L, M, = Cy M. < M, =5 J(i”—%ﬁ P+ (s P2 <
Columns in Rigid Frames

G A K
— 1.0

23

0 Gakeh O 2
o oo oo

P Lo S5
O OSSO

Lol b

O

—— 0.9

RIRILL IR

I

— 0.8

— 0.7

— 0.5 1.0

Sidesway Prevented

Sidesway (ML) X 1.5 X 20

prevented

.*?..,M_» "f”"'““““% Column Base

i i Condition

Sidesway {I/L)g X 0.5 (/L) X 0.67

permitted | | . j o
f*“ o | —=

End of questions..............

Examination Committee  Prof . Mostafa Hassanen Prof. Omnia Fawzy
Prof. Nashwa M. Yossef Assoc. Prof. Ahmed El Hadidy
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With the best wishes,
Prof. Dr. Mariam Farouk Ghazy & Prof. Dr. Mohamed Helmy Taman
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ACI TABLES FOR CONCRETE MIX DESIGN

Table 2. Approximate Mixing Water and Air Content Requirements for
different Slumps and Maximum Aggregate Sizes (adapted from ACI, 2000) |

|
. . . Mixing Water Quantity in kg/m® for the listed Nominal |
Table 3. Water-Cementing Materials Ratio Maximum Aggregate Size (mm) ;

and Compressive Strength Relationship Slump, mm
{after ACI 211.1 and ACI 211.3) 101 141201281401 56| 80 150

|
|
{
!

Water-cement ratio by weight! Non-Air-Entrained

28-Day C iV
Striigt}?rir;plr\?[;s;\e Non-Air- Air-Entrained 25—50'(stiff- 207119911901 1791 166
Entrained ir-tatramne plastic)

40 0.42 0.34 o 243]228]216/202/190

. ) Typical entrapped
35 0.47 0.39 >air(percem) 312512 (15711

30 - 0.54 0.45 Air-Entrained

25 061 052 250G 1181|175 168| 160|148 142|122

plastic)
20 0.69 0.60 75— 100 (plastic) 202|193 | 184|1751165] 157|133
15 ) 0.79 0.70 150-175
(flowing)

216(205|197(184[174|166154

Recommended Air Content (percent)

Table 5. Bulk Volume of Coarse Aggregate per Unit Volume of Concrete for
Different Fine aggregate Fineness Moduli of Fine Aggregate (adapted from ACI211.1 Mild Exposure | 4,514.0(3.5{3.0{2.5{20/|1.5 1.0

Bulk Volume of oven-dry-rodded Coarse Aggregate (m* | Moderate Exposure| 6.0 [ 5.515.014.514.514.01{3.5 3.0
Nominal Maximum Fineness Modulus of fine aggregate;

Aggregate Size (mm) Severe Exposure | 7.517.016.016.015.5(5.0145| 4.0
2.40 2.60 2.80 3.00

0.50 0.48 0.46 0.44 Table 4. Maximum Permissible Water-Cement or Water-
' Cementing Materials Ratio in sever exposure conditions

Continuously wet Structure

0.59 0.57 0.55 0.53
0.66 0.64 0.62 0.60 Type of Structure structure exposed | exposed to sea
. : : ' to frequent freezing water or

0.71 0.69 0.67 0.65 : and thawing sulphates

Thin section (railings,

0.75 0.73 0.71 0.69 curbs, sills, ledges,
0.78 0.76 0.74 0.72 ornamental work) and (.45 0.40

section with less than

0.82 0.80 0.78 0.76 25 mm cover over steel
0.87 0.85 0.83 0.81 All other structures
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Structural Engineering Department
Academic Year 2022/2023
First term — Final Exam

Tanta University Faculy of Engineering ]

Course Title: Quantity Surveying & Estimating Course Code: CES Year : 3 74 Str.
Date : 12 January, 2023 Allowed Time: 3 hrs Total Marks : 85 marks
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