Problem number (3) {11 Marks)

a} Lxplain how to determine the dynamic load acting on the footing due to the

machine vibration. (1.5 Marks)

by Discuss in details how to design the machine foundation illustrating the main

points which should be considered in the design | (1.5 Marks)

¢) Ilustrate how to measure the shear modulus in the [eld. (1.5 Marks) |

d) THustrate how to determine the maximum and minimum loads in unsymmetrical

pile group subjected to vertical load and moments in both directigps. (1.5 Marks)
ult ;Iﬁ
e} For the steel circular pile shown in the next figure 1 Clay
If the yield stress of pile material = 360000 kN/m” F=1 800 ket
; ; — s G.0m C =0.7 kglem”
and the outer and inner diameters of pile are 45 and
43 cm respectively. Il
1 sand
Find out the maximum horizontal load can T 1= 1800 kg/m’®
be resisted by this pile. (5.0 Marlks) i i $ =30

Problem number (6} (11.0 Narks)

A structural graduate engineer married a pretty civil graduate enginger in 1990, They built their
own house which consists of four typical floors hoping that they will have three children in the
future. Unfortunately, they have 7 kids and all of them are boys. So, they need four additional
typical floors, The husband has collected all the required date to check the stresses under the
raft as follow:

e 'The plane concrete thickness = (0L.30 m e The thickness of reinforced concrete =0, 90 m
® The unit weight of soil = 1700 kg/m® e The raft is 12 x 15 m with the long side in X dircction
e The foundation level = 2.0 m e The allowable net stress at foundation level=1.0 kg/iem”
® The load of one floor = 230 t acting in the right bottom quarter with e,=0.15 m and e,=0.2> m
® The acting moment on the raft due to considering the lateral loads in Y direction = 300 tm.

Using detailed calculations you are asked to tell the husband:
(a) The maximurm stress under the raft under vertical loads only of four floors (4.0 Marks)

(b) The maximum number of typical floors that the soil can support safely for the case
of both vertical and lateral loads (4.0 Marks)

(¢) Il the wife is blaming her husband as he refused to construct basement floor, She thinks if they
constructed a basement floor, she may have more trials to have a beautiful baby girl. If the
foundation level in this case would be 4.5 m and the allowable net stress at foundation level
=1.10 kgfem” , you are asked to tell the wife the maximum number of typical

floors that the soil can support safely for the case of vertical loads only (3.0 Marks)
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Question 1

(a) A water source has a maximum water level at (10,00) m and the distance 10 water treatment plant is 2000 m Itis

required to transport 0,35 m'/sec of water from the source to the rapid m ixing tank with the water level(20.00)m.

by using the low lifl pumps with total horse power (216Hp)and T 1= (.65 Determine the diameter of the main
pipe connecting between the source and RMUT, (€ 100.secondary losses —20% friction losses).

(b)- For waler purification plant of discharge 7 5700 m’/d, Pilot plant analysis onm ixed media indicates that
filtration rate of 3 m/h will be acceptable, Assuming i surlace configuration ol approxim ately 6,25 *8m.
How many filter units will be required”’
_Allow twounits of service for back washing, Determine the net waler production of each filter if backwash

period requires 13 min. and the ripening period is 10 m in.

Question 2
A flocculator basin is 1o be designed for a water purilication plant with a design flow of 50,000 m’ /day. The basin is
10 be a cross-flow horizontal-shafl, paddie with a mean velocity gradient of 30 see’’ and a detention time of
30) minutes, Tapered flocculation is 10 be provided and three compartments of equal depth in series are 1o be used as
shown in the figure, The G values are 40, 30 and 20 sec’'. The vutside blades should clear the floor by 0,3 m and be
0.3 m below the water surface, There are to be four blades per paddle, Adjacent paddles should have a clear spacing
of 0.5 m together with the wall clearance (V. for the first compartment is (1,65 m/sec)
(a1 10°C, p=1.3"* 10 % Ns/m’ . and p,, =999.3 kg/m').

Determine:

1- The basin dimensions. 2- The paddle design and rotational speed.

3- The power 1o be input to the water in each compartinent and the total power required tor basin.
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Question 3

For a city of population 80000 capita and water per capita consumption 100 1.Ae/d. There are 1wo available
cases of working.

_ In case | working period 6 AM-10PM _In case 2 working period 6 A.M 8 P.M

* Which case | or 2 will be cconomic to be applicd?
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Question 4

(a) - A grit chamber is designed to remove particles with diameter of 0.2 mm, specific gravity 2,63, settling velocity
for these particles has been found (£.02) m/sec depending on their shape factor,
A flow through velocity of 0,3 m/sec wil| be maintained by the proportional weir. determine the channel
Dimensions for maximum wastewater flow of 8,000 m*/sce.

(b)- Determine an effluent BODS and the recirculation flow to be expected from an aeration tank treating sewage
with a BOD. of 250 mg/ | - Assume Y = 0,65, Kqe=0,05 and ©, =30 days.

V= 4000 m*
— Q = 5000 m” /d Acration tank = Q4 )

BOD; =250 mg/|

Final

sedimentation — X, =40 mg/t '

Q -{
“ . Q* =40 i hJ‘“_' X = B0 =gl - J

Question 5
The following data were collected during field evaluation of an ex isting conventional activated sludge secondan,
treatment plant treating municipal wastewater:

Number of aeration tanks =10
Dimensions on aeration tank =40 ms length
& ms width
4 ms liquid depth

Intluent wastewater = 18800 mj.-"day
Recirculated sludge = 4000 m*/day
Wasting sludge = 16500 m"/ day
BOD 5 of primary treated waste =450 mg /lin
BOD : of final clarifier effluent = 50mg /it

Under flow concentration (Xu) = 10,000 mg/lit

a} use the above data to caley late the following ;-
= Retention period,

= Mixed liquor suspended solids,

= F/M ratio, volumetric loading,

= Mean cell residence time
b) Is the volume of aeration basins sy ticient, If not . estimate the number and dimensions of the required additiona|
tanks. ( If the maximum allowable F/M is 0,25 kg BODS /kg MLSS).

Question 6

- A city having a present population of 90,000 capita and an average water consumption of 300 lie/d, It is required
to determine the number and dimensions of rapid sand filters if the treatment plant is working 16 hours datly. (ratc
of filtration 120m” /m*/d)

- If the population of such city will be increased to 170,000 capita afier 40 years, and the plant will work 24 hours
daily, would the previously designed units be suitable to meet the filter requirements? Determine how many
add Etiun;’:l unlits, if any. of the same designed dimensions will be needed if the maximum filtration rate
is 160 m" /m “/d.

Notes: v=03s5 g% 505
volume of aeration tank = gy, (55,
X1+ k;0,)

Power=P=Cyp, A, V, Pwatt (NmiS) G-+ _p Good luck
2 Y Dr. A . El morsy
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sketches. | etg)

Remarks: (answer the following questions.., assume any missing data... answers should be supported by

I' I, A sleel beam is supporting & concrete slab of 10 mm thickness. Spacing between beams is 2 m.

The beam span is 8m. Use live load = 300 kg/m2 and flooring cover = 150 kgim2,
It is required to:

4. Design the beam as sleel section only. (6 marks)
I b. Design the beam as a shored composite section, (6 marks)

2. Draw with neat sketches different types of connectors. (6 marks)

450 mim

¢ Design the beam as an unshored composite seelion. (0 marks) |
d. Dhvaw the normal stress distribution for both shored and unshored cascs, (3 marks)
I ¢. Design the stud shear connectors for the compaosite section. (3 marks) '

F Y

| 4. Find the maximum axial force that can be applicd

on an encased composite column with the given
cross section (430X450). Column length = 6m, K =
I' 1.0, F., =230 kgx‘cmz, steel used is HEB 200 of 5t

37, Steel reinforcement is 8 @ 16 of St 52. (20
marks)

Course Examination Committee

Course Coordinator: Dr, Mahmaoud El-Boghdadi

4. Check the shown infilled composite column for an
axial force of 30 ton and a bending moment of 4 R.C.
ten-m. Column length = 4m, K = 1.2, F,, = 250
I kaiom®, Steel used is St 37, (20 marks)
350 mm |
I 4 mm 330 mim

Frof. Dr. Mohamed Dabaon Dr. Mahmoud El-Boghdadi and the Committes

Page: 141 ‘I
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Remarks: (answer the following questions. .. assume any missing data, .. answers should be supported by
sketches. . .ete)

|.-‘-t double-track open timber loor railway pony bridge has a span of 27 m divided into 6 equal
panels. The main girders are welded plate girders having a depth of 270 cm and a flange width of
535 cm. The main girders are provided with vertical stiffeners every 1.5 m together with & horizontal

stress Fy = 2.8 tom” and Young's modulus E=2100 1 ‘em?. Live oad is train type [,

REQUIRED:

l. Using influence lines, fndd the max. BM. and max. positive S.F. at section (6,75 m from
support of main girder) due to L.L. plus impact only, {8 Marks)

2. Caleulate the max. B.M. and max. §.F. acting on an intermediate stringer due to dead load, live
load and impact. then design a suitable scction for it {8 Marks)

3. Design the cnnmctic}n between the sir'm“:,r an{:l rh-:: Cross gir{{w and draw it in clevatinn and

| Cross- hELi.fl_ﬁ;l'.t_Smpr‘OpcrtlE_h"____ '_ n (mm) _-__-;Ffmm Vool T (n__]__mjm_[ ty (mm) |
Stringer  LP.E. 360 360 170 12.7 -
Cross Gieder | B.F.LB. 900 goo 300 | B0 ] 185 |

4. Design a welded plate girder section for the main girder il £, = 1.26 1/ em®. Mp = 250 md, M =
800 m.t, [ =247 24+nl, Qp=451, Q= 140 . Plates of thicknesses 12, 14, 22, 36 & 30 mm
only are available for the construction of the main girder. (16 Marks)

5. Check the buckling of the web plate in the critical sub-panels only under pure shearing stresses
(at panel near support where Q at mid-panel = (.944 Cnoya) and under pure bending stresses at
panel near mid-span. (k = 4.0 -+ 53407 for o= 1.00 for critical shear stress). (8 Marks)

You have to calculate the max. 5.F, at the position of the stlf‘fenﬂl {8 Marks)

UgﬁF k! ,
C, =0 6‘4 11Q,, ©om t units; g, —0.729 t/em2,

5 q b .

ap

7. Consider 3 panels of equal area but with aspect ratios 0.5, 1.0 and 2.0; determine which one is
the worst shape for buckling under pure shear siresses. (8 Marks)

stiffener at 175 the depth from the compression side. The bridge is provided with a lower K-system |
hracing ;md with a U-frame at every cross girder, “»*]dtenal of construction s St 44 with a vield |

===

; . . e ; ; . o
6. Design the intermediate stiffener at the connection with the cross girder (at 3.0 m from support). |
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Ouestion IT (8 Marks)

Using the stiffness matrix method, determine the
joint displacements, the reactions at the supports
and the force in each member of the plane truss
shown in Fig. 1 due to the given loads. EA/L = 200
t'em for all members.(8 Marks)

Ouestion IF {15 Marks)

Fig. 2 shows a frame is subjected to a concentrated ! 16t
load (EI = 30000 tm® and EA = 15000 t for all
members). It is required to: '

L
5]
=]

VAL

- Fig. 2
1. Use symmetry to simplify the shown frame. (4 B . —

Marks) ' _ . s
N

2. Using the stiffness matrix method, determine
the joint displacements and draw the normal
force, shearing force and bending moment
diagrams. (8 Marks)

W L

3. Without calculations, draw the bending moment diagram of the frame if the EA of the
element 1: (a) equals zero  (b) equals infinity (82).(3 Marks)

Cestion ITI (15 Marks) :
The truss element shown in Fig. 3 is prismatic and has two nodes 1 and 2. The assumed axial
displacement function is u = ¢j +ez.x. It is required to:

1e » 2
* Find the consiants ¢ and ¢z in terms of u; and uz.(4 ¥arks)
* Draw clear sketches for the shape functions.(4 Marks) .
* Determine the strain-displacement matrix [B].(4 Marks) Fig. 3
» Determing the element stiffness matrix [K] in terms of B, A, and L.(3 Marks)
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Question IT (12 Marks)

A constant strain triangle is shown in Fig. 4. The nodal displacements at the three nodes of the
clement are known and given below. It is required to:

L. Find the value of the displacements (u and v) at the centroid of the element.(4 Marks)
2. Find the value of the displacements (i and v) at the mid-point of the line connecting Node ]

/;A Determine the strains - €y, ) at the centroid of the clement.(4 Marks)

F N
¥ Gf‘r’&ﬂ.’ .
3 E=2100 t/‘em”
L=03
Fie. 4 t=10cm
Nodal Displacemenis
u=00mm v,=-2.0mm
1 w=8.0mm v;=.4.0mm
T ' L=20mm v;=00mm
+— O —)i

SO R T

r_ 1.0m "—"f Fig. 5(a) Fig. 5(b) Fig. 5(c)
Fig. 5a shows a 1x1 m steel plate with a thickness of 10 en. The plate is fixed against 4 rigid floor,
The plate needs to be analyzed to caleulate deformations and stresses using the 2D finite element

tmesh shown in Fig. 5b orin Fig. 5c. The mesh consists of § CST elements.
It is required to: :

L

. Mention the type of analysis required for abtaining the required results (plane stress or plane
strain)? Explain vour answer and define the cases of plane stress and plane strain.(4 Marks)

2. Sketch the mesh shown in Fig. 5b showing the appropriate boundary conditions at 4] nodes.(3
Marks)

Explain which mesh in Fig. 5h or Fig. 5¢ gives more accurate results. (3 Marks)

e
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Question ITT (18 Marks) WM (este) flo riay
10t
Consider the two-dimensional 3-element system shown ‘ —
in Fig. 6. Element 1 is a constant-strain tfangle while
elements 2 and 3 are truss elements. The structure is
completely supported at nodes A and C. The stiffness
matrix of Elements | is given below,
. Assemble the global system stiffness matrix, &
considering all possible degrees of freedom. (5
Marks)
2. Solve to get the displacements. (3 Marks)
3. Find the stress at the center and at the middle point
of side AC of the element 1. Are they equal or not?
Why?. (4 Marks) _ Connectivity Table _
4. Find the normal force of Element 2. (3 Marks) Element | i | j k
5. Without calculations. find the normal force in 1 Ll B | A
Element 2 and 3 if the thickness of the CST 2 A | B m
approaches zero. (3 Marks)
For Truss Element
EA=10001
[75 0 0 =75 -75 75° EorCsT
0 200 -5 0 50 -200 Eerva
; | _ S t=[.5cm
k[l} sl 0 — 50 200 (1 — 200 50 tem W-=AE35
' =75 0 0 75 75 -75
-7 50 =200 75 275 =125
| 75 =200 50 -75 —125 275




| The Global Sti u?m.&...h._,_wa&.mﬁ o .xm Fixed-Fixed Frame Elem citt

Lhe Global Stiffness Matrix of a Truss ~ A 2 gy iy L2
Bltran _ﬁ._ - ﬁ_: |ﬁ.M _ hwu. _uH_ - A.___mq\w___ hu— R A—N._m;m__ ! .___H_ H-,.w
| N ) s -y a, ={(EA/L-12E1/ )Y es
ﬁ & oty - i — o 4 A ) 6ET .L___m
Bl e e = K = 2 7 TR =L
Bl wop 2 o .  ay ag=(EA/L)s* + (12E1/ ) &*
[ e i ’ 2 e, —d
Lmes =5 o8 % . as=(6EI/[*) ¢
_nmm_. ;
c=cosd and y=sin ) . ag =41/ L
¢ =cosd & =s8in ¢
For a CST (case of plane Stress)
{g}=[B){d}  {c}=[D]{g}
" [1 v 0 _ £ 0 B By = Py Pl =y~
[D]=——v | 0 zewi e r2 0 where By = y3 -y and  yy = x - x3
{ R T ) 2
_ 00 {d-v)/2] ¥1 2 B2 7 G i %

¥z =2Xx2 —x)

The Global Stiffness Matrix for Fixed-Hinged Frame Element

4y as  —a, a,
a il — s
> ] 3 )
K =
__w: ﬁwm
ity

where

ay =(EAIL) ¢ +(3EI/ I2) s*

ay = (FAIL-3EI 7} cs
iy =S BT Vi

a, =(EA/L) s* + (3EI/ I2) *
as=(3EI/I*) ¢
mwm = wm.uﬂ._xh___x
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Systematic arrangement of calculotions and neat drawings are essential, any mizsing doia should be
reasonably assumed | concrete characterisiic strength  f, = 25 MPa, and grade of reinforcing steel ix 36752

Cuf sy 4 Al 0 & pfa Cfadall

PROBLEM # ONE (20 Marks)

I. Forzhalf spherical R.C dome with 15.0 m diameter and 7.50m rise,

+ Sugpest the most adequate structural shape of the supporting ring beam.
Indicate the most critical design intemal force components (meridian force or ring force)
and the effect on reinforcement detailing. (5 Marks )

11 Shown in Fig. 1 are sectional elevations of four folded | | A
plate roof structures. It is required to mark ridge lincs
with internal shear. (5 Marks ) /\\ N
Fip. 1
II1- Stote which statement is right and which one is wrong , then correct the wrong one:
=  Prestressing technique can be applied to all RC elements to enhance their structural
performance

- Ewnmnica.ll;f, it is recommended to use post-tumsioning techmique rather than pre-
tensioning, (5 Marks )

IV. Compare among the following core systems in term of lateral load resistance for
carthquake action in the specified direction. (5 Marks )

SUNRNNNNNNNNN
%
N

K\\\"\.\\\\\'\\\\

113
Please Torn Dver =i



FROBLEM # TWO (15 Marks)

Shown in Fig. 2 is a sectional elevation of RC folded
plates covering an exhibition hall has dimensions of
40x15m. The hall has a clear height of 6.0 m and
columns are allowed only on the outer perimster of the
hail.
1t is required to carry out the followings: 50m

i. Calculate the internal forces and desigm the
critical sections of the folded plates

—g-

-

(7 Marks) 5058 =400 m
ii. Draw to a convenient scale sectional elevation and

plan showing the details of reinforcement of the Fig, 2

folded plates.

(8 Marks)

PROBLEM # THREE (10 Marks)

For the 10-story administrative building, shown in Fig. 3, located at earthquake zone
2. the ground floor is 4.0 m hight and the typical floor is 3.0 m height where the
columms are arranged at 5.0m spacing. The foundation level is (-2.50 m) with 0.4
m plain concrete mat and 1.20 m reinforced concrete raft. It is required to Give
complete design and details of reinforcement of the core only. Assume 0.35 m
thickness 5.5 x 3.5 m core system under the effect of vertical gravitational load and
critical lateral load effect in the specified direction shown in Fig. 3. The service
axial dead and live loads are 5000 kN and 2000 kN, respectively. The working
base shear due to wind and earthquake loads are 210 kN and 260 kN,
respectively.(Note that: B.M due to lateral loads can be calculated using
approximsate methode) '

N =~ § 0]
§ C.M &
N S
b sy ]

Fiease Turn Over ce—p. 23
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PROBLEM # FOUR (12 Marks)

I For each of the given cases, indicate wherever pre-tensioning or post-tensioning
may be applicable than, draw the proposed cable profile in each case. {5 Marks)

63 P=30KN qLc3=3,1zv=z.ﬂ.:r~r

a0m F0m T Z0m!

Il For the shown cross section (Fig.

1
[ 1507

e —

4) of simply supported pre-tensioned pre-

stressed concrete beam of 20 m span assuming 12% losses.

Data

fa = 45 MPa.

DL (without o.w) =7 N/m'
LL =7 ENfm'

Zr =92 16*10° mm’
Zxi —37.94%10° mm’

ived:
- Suggest suitable cable profile.

i 1560 nym
200 mEm
B0 e
&
e
250 men

(3 Marks )

" Calcutate the initial prestressing force Po (P) (4 Marks ) fip.2

PROBLEM # FIVE (13 Marks )

Sh-uwninﬁg.ﬁisasecﬁumlﬁlevaﬁmqf
RC dome with 24 m diameter covering an
exhibition hall. The hall has a clear height
aflﬂ.[}mandmhnunsamaﬂowedonhr
on the outer perimeter of the hall.

it is required to carry out the followings:

I Celculete the imternal forces and
design the critical sections of the
dome. (7 Marks)

[ Drow to a convenient scale a half
clevaticz and 2 half plan showing the
details of reinforcement of the hall.

(6 Marks)

§Tth best wishes
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Answer the following questions .., answers should be supported by clear sketches

_ Problem number (1) (12 Marks)
i
{(a) Explain the different types of sheet pile walls according to its structure system. (2.0 Marks)
(b) Show the main information required to design the sheet piling retaining walls. (2.0 Marks)
~ LL=20kN/m’
(¢) For the anchored sheet pile wall shown in A  ETEEEELLLLLET S
_ ) 1 m Ciround Level
Figure (1), the allowable stress of stecl is L
: Tie@35m 1
2000 kegfem®. You are required to calculate e@3om iy
a folloswines: - 5 y
the followings: _ 45m o =20 KNim?
L = 10 KNAm
11 The minimum depth of embedment, d, G
Lo provide stability. (4.0 Marks) ¥ —
- % c].. :
2) The required section modulus y= ?‘é N m]:j
of the steel sheet pile. (4.0 Marks) Figare 1 C=15kN/m’
Problem number (27 {11 Marks)
(a) Show the different types of braced cuts (3.0 Marks)

{(b) For the braced excavation shown in the figure design the whole structural elements. (8.0 Marks)

G000 m Stesl bheams

For sandy layer
Uit weighi i 00 LS :
':"; 'r'l'l.'ll WA £.';'II?'IJ = .lr;.n_./’.'f_j k.]\-.' z/_l” il
! o iaf Al n'J-,', R K
A friction , &= 40 1.50 ]: L@ig
=S 0
! pf L d}ﬁff .l;:'ym . T |[—] — |

F 3

| o . =k
Linif weright = 200 N/ 4001 Sand

Sy . = ' __.- " il

Colesion, Co= 120 BN nZ r Strut @ 3.0
I Live load af sudace =10 IN/mZ —a =1 -
1.50 m
\ Clay
: Sizel piles @ 1.50 and
Steel piles @ 1.5 . i STy

=

Wonten lagging

| Section of steal sheet pila
r' Steal piles & 1.5
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{(b) For the shown gravity wall in the

b

€)

d)

1o the existing soil bed (5.0 Marks) !

Problem number {3) ; {12.0 Marlks)

! (a} State the different types of gravity retaining walls.

L.L=4.00 t/m*

(2.0 Marks)

2.50 t/m'

TP

B
B
n

]
figure, you are required to: : Block 1 , 275 |
. I, G.W.L & >
Check the stability of =
block # 6 (5.0 Marks) RIOER2 |- 880y
Calculate the stress underneath =40 o b »
_ : .y =20 kN/m —
Block # 7 and stress transmitted Block 4 | 5 50

P

P
[
o

f2
]
on

Block 5 |4 6.20 . 225
. 9465
Bleck o = = 225
$ 100 A
-+ Block 7 1 225
665 o
0.75

Crushed hase rock

Existing soil hed

Problem number {4} {13 Marks)

Tustrate the difference between the sectional and plan flow nets.

Using clear sketches, discuss the factors affecting the discharge capacity of both
well point and deep well.

Explain how to warranty the safety of old building adjacent 1o excavation site

with foundation level is much deeper than that of the old building

The section of an excavation is rectangular (20 x 30) m in plan and 7.0 m in depth.
The site profile consists of 8.0 m medium to stiff clay overlying 4.0 m medium to
coarse sand on intact granite bedrock. The initial ground water table is (2.0 m), The
nearest waterway is far away 150 m. The coefficient of permeability for sand layer

= (.002 m/sec. The available wells are 25 cm in diameter and 12.0 m in length with

discharge capacity = 0.014 m*/sec
(1) Design the pressure relief system.

(ii) Estimate the drawdown of water at well and midpoint between wells.

P.T.O.

(1.5 Marks)
(1.5 Marks) I
|

(1.5 Marks) |

(4.5 Marks)
(4.0 Marks]
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