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For design problems: assume that; concrete characteristic strength f,,=25 MPa and steel yield strength is £,=400 MPa.

Question No. 1 (Total marks is 20 Marks)

a) Figure (1) shows a plan of an orthotropic RC slab, considering hinged edges, it is required to carry out the
followings: 1: _________________ el

1.Calculate the ultimate unifom load acting on the shown
slab.

2.Make a complete design for the shown slab using the

yield line theory by the virtual work method.

3.Draw neat sketches for the reinforcement detailing,
Consider slab thickness = 160 mm, flooring cover = 2.0
kN/m?, live load = 5.0 KN/m2.

Question No. 2 (Total marks is 20 Marks)

a) State the expected failure modes at beam-column connections.

Which of them are more dangerous and why? explain the

philosophy of strong column weak girder. How the Egyptian

Code ensure this philosophy?

b) Fig. 2 shows- insufficient reinforcement of closed beam-to-

colunth joint. It is required to carry outa complete design (design

-+ drawing) the lack reinforcement at the joint zone. Why the

main reinforcement must be curved at the corner marked A.

) Design a hinged base for the same column shown in Fig. 2
(dowels + neoprene plate + reinforcement) subjected to normal
force of 1200 kN and horizontal force of 120 kN. State the

advantage of neoprene plate under loading.

d) For the joint in earthquake zone shown in Fig. 3, it is required to:
calculate the shear capacity of the column shown in Fig. 2 if the
longitudinal steel is 6 D 18, and floor height is 3.0 m. calculate

the maximum shear acting in the joint if the beams tension steel

is 4 D 16 and the compression steel is 2 D 12, Then calculate the
Joint shear capacity, and the steel needed in the joint according
to ECP-203/2018 code. Draw the reinforcement details.
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Question No. 3 (Total marks is 20 Marks)

a) For the given RC girder type road-way bridge with a span of 25 m as shown in Fig. 4. The total width of the
bridge is 21 m, and the sidewalk width is 2.5 m. The main girders are used at 4.0 m centerline-to- centerline spacing.
While the cross girders are used at 5.0 m spacing, It is
‘required to carry out the following;  25m

1) Estimate the concrete dimensions of all bridge
elements (slabs and beams). U L{g; |—|
2) Without any calculations, illustrate the design B2 » Fio. 4

procedure for the slabs. Em il iden
3) Make a complete design for the slabs of the sidewalk.
4) Draw the influence line of reaction of beams B1, B2 and B3.

b) Figure 5 shows the cross-section of ¢
a simply supported hollow-core slab SR 12.0m
type bridge with span of 15 m. As shown | 3

in Figure 1, the width of the deck is 12.0 l:

m and the sidewalk width is 1.50 m. The ﬁ O O O O O O O O O O O O O O

slabs have a total thickness of 1200 mm, Cross section of the bridge Fig. 5§
where, the sidewalks have a variable

thickness of 200/400 mm. It is required to carry out the following;

1) Calculate the maximum shearing force and bending moment of the slab.
2) Draw the reinforcement detailing of the slabs in a plan and longitudinal section.

A
b
o
B
4

v

uestion No. 4 (Total marks is 20 Marks ED
a)lllustrate why the friction stress between the filling material and the walls of a bunker ‘
is neglected.
b) What is the value of the vertical pressure in a bunker at a vertical depth = h. g
c)According to the classic theory of Janssen, prove that: [
¥ A 0o < 7.00'm
1— & B =———(1- Where; K_—tan tam ? 45—— 3
.( ) F kg ( "= ) S A )
d) What is the loadmg case at which the lateral horizontal pressure caused by the filling -¥ B
material is much bigger than that calculated by the classic theory of Janssen? B 2.00m
e)As shown in Fig.6, a silo-cell with circular cross section having a 7.00 m diameter = :‘ ' ’.:
and 42 m height and rested on 8 columns will be utilized for storing wheat (=), consider - J’--
that; pf =0.75p — p’=060p — p=30° — y=0.80t/m* — u=tan p’ g 3
Je=1.00 — Ar= 0.50. g Het |

According to the German specification DIN 1055, it is required to carry out the following:
i)The maximum values of the vertical, horizontal and friction stresses.
ii)Calculate the depth at which the lateral pressure P; equals to 85% of the maximum lateral pressure (P, = 0.85 P2 max).
ili)Design the wall, hopper, and belt beam then draw reinforcement details on sectional elevation and plan
by a convenient scale.

f) The Mega column, the outrigger, and tube systems are commonly used in supper tall buildings to resist the lateral
loads. In brief, write what you know about these systems.

With our best wishes
Examiners committee
Prof. Dr. Emad Etman - Dr. Mahmoud abdelaziz — Dr. Ali hassan — Dr. Mohamed Ellithy
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Question (1) (8 Marks)

Figure 1 shows a plane truss subjected to
concentrated loads. It is required to use the
stiffness matrix method, to determine the joint
displacements and the forces in members 1 and
2.

EA= 1000t for all members

Question (2) (10 Marks)

Figure 2 shows a frame is subjected to
the shown loads (EI = 3000 t.m? and EA
= 7500 t for all members). It is required
to use the stiffness matrix method, to
determine the joint displacements, the
axial force in the link member c¢-d and
draw the bending moment diagram.

Question (3) (6 Marks)
‘The truss element shown in Figure 3 is prismatic and has two nodes 1 and 2. The assurmed ax1d1
displacement functionis u = ¢, + c,x2. Itis required to: 1o o 2
* find the constants ¢; and ¢, in terms of u, and u,.
" e draw clear sketches for the shape functions. Figure 3
* determine the strain-displacement matrix [B].
e determine the element stiffness matrix [k;;] in terms of E, A, and L.
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Question (7) (4Marks)
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[ 1.0m—> Figure.7.a Figure. 7.b Figure. 7.c

Figure. 7.a shows a 1x1 m steel plate with a thickness of 1.0cm. The plate is fixed against a rigid floor
and wall. The plate needs to be analyzed to calculate deformations and stresses using the 2D finite
element mesh shown in Figure. 7.b or in Figure. 7.c. The mesh consists of 8 elements

It is required to:

a. mention the type of analysis required for obtaining the required results (plane stress or
plane strain)? Explain your answer.

b. sketch the mesh shown in Figure. 7.b showing the apprbpriate boundary conditions at all
nodes.
c. explain which mesh in Figure. 7.b or Figure. 7.c gives more accurate results.

If the 2D-wall shown in Figure. 7.a is modeled three times using the same number of square plane
elements but with variable element dimensions L*9L, 3L*3L, and 2L.*4.5L. What is the most
accurate case? Why?

Question (8) (7Marks )

Consider the two-dimensional 2-element system shown in
Figure 8. Element 1 is constant-strain triangle while
element 2 is a spring. The structure is hinged at nodes A,
and B. The stiffness matrix of element 1 is given below.

1. Assemble the global system stiffness matrix, X.
2. Solve for the displacement matrix. :
3. Findthe force in element 2.
4. Find the stress and strain in center of element 1
75 0 0 -75 -75 75 .
Given:
0 200 --50 0 50 =200 =
0 =50 2000 0 -200 50 For spring
kD tUm K =80 t/m
-75 0 0 75 75 -75
-75 50 -200 75 275 —125 For CST
75 -200 S50 -75 —125 275 E =250 t/em?
- - t=15cm
v=0.25
Connectivity Table Elex?ent ;‘ IJB é
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Tab!e VII : Momens in cylindrical wall

Triangular Load

Fixed base, free top

Mom. = coeff, * wh3

Pasitive sign indicaics tension in the outside.

PR t4p Table X

r

H

|

L I

Momeats in eylindrical wall

Moment Per m, M, applicd at base

Hinged base, free top

Mo, = coell, * M

Positive sign indicates tension
in outside

-

lN“‘Vl/m

U= Loyt Friad @M B calial! pyad Salaler) Siads SMalasy qabeadt Jaid3 Salyrd (V0-0) Jpus
Sole s (53 Ragliall Jle caloald 2000 2

[ PRE S [JUICIP | 43 mha A plaad .
abis ta QUM et | L it Bu Caand ‘:’"
it e deli At 420 weohoo 350 ol POy AN

s ~ -
10 16 18 0.92 1.00 220
12 16 22 o83 0.e3 200
18 22 25 0.75 0.85 180
67 07s 160
. . —_ C . .H. R 22 25 32 0
® 1 cylindrical walls 3. Yw N = oo . Iy
where H is the tank height = = e e "
R is the tank radius.
A/m2 ) 14112110108 )067104 ) 021} 01 10081 0.06]| 004 |0.02]0.01
n 164 | 15.2113.91125]109{9.00]6.50} 4.77 {432} 3.82 | 3.26 | 246 1.93
Ci [740|74417.49|755]17.6517.82| 822 | 880 |9.04 | 94 | 10.1 |11.7]144
C2 | .18 ].127 ) 138 | .154 | .175] 211 | .284 | .375 | .409 | .455 | .525 |.646 | .760
,,,,,,, C3 | .800 |.895 | .890 | .882 | .870 | .852 | .812 | .75G | .736 | .708 | .663 | .570 | .462
- 3
Solid Circular Plates Subjecteed To Uniform Load :-
M = coeff.x pRl
Positive sign indicates compression surface loaded
atpoint | 0.00R | 0.10R | 020R [ 030R [0.40R | 0.50R | 0.60R | 0.70R [0.8aR |090rR | 1.00R
M +075 | 4073 | +067 | +057 | 043 | 4.003 | 4003 |-023 |-053 |.087 |-.125
nit +075 | +074 | +071 | +066 | +052 | +.050 |+039 | +.026 |+o11 |-008 |.o02¢
|
Table XIX : Stiffuess of Circular Plate with Center Support
k=coe. s E€/R
‘Table XX Stiffness of Cylindrical Wall, nesr edpe hinged, far edpe free =
- 3 v
T 005 [ 010 | 015 | 020 | 025 k=coell,x B/ H _
1
CocH. 0290 | 0309 | 0332 | 0358 | 0387 Ut s /6 (8 |0 | 6w
Without Center Support : kw 0.104 Ft* /R coell |.713 |.7285 903 |10k |L11 | 32 {128 | 143-

gt Cocfficients af point
B¢ Coefficients at point Dt | 018 [e2H | 038 048 | 058 | 068 | 0.7H | 08B | 09H | 10H
Dt J0.1H |021H |03H Jo4H o035 06H [07H |osH |oom 1.0H 04 | +.013 1 +.051 | +.109 | +,196 | +.296 +A 1 +547 L4692 | +.80 1
04 [ H0S | 0014 | #0020 | 40007 | 0042 | -.0150 | ~07 | 629 | <obic ~1205] § OB | +.009 | +.040 | +.090 | +.164 | +.283 | 4,375 | +.503 | 4,659 | +.824 l
03 | 0051 | 40037 | +.0083 | +0080 | £0070 | +.0023 =068 y 0224 |.0465 |.0795] § 1.2 | +.006 | +.027 | +.063 +125 | #.206 | +.316 | +.454 | +.616 | +.802 i
121 +0012 | 0042 [ +.0077 | +0103 | +0132 | +.005 10022 f 0108 | -0311 | -0602 L6 | +.003 | +.011 [ +.035 | +.078 +A82 | +283 {4393 45100 +.715 1
16 40010 | £0041 | 40075 | #0107 | +.0121 +0I11 | 40088 | ..0051 | 0232 |.0%05 20 <002} -.002 | 4,002 1 +.034 ] 4 096 | +.193 | +.340 | +.515 4..
20 { O0I0 | #0036 | %0068 | +0099 | v120 { +auss | 0075 | 0021 | 0985 | .ome] 20| . i ' ' ; st B
30 | 0006 | 40024 | #0047 | #0071 | 4090 | 40037 w0077 | 40012 | a119 | 33 30 ] 007 | -02 ) -.030 | -.029 | +.010 +.087 | +.227 | +.426 | +.602 I
A0 140003 [ 40015 [ 0028 | +.0047 | +.0066 | 40077 0069 | 10003 | 0080 | o20g) § 4O [ -.008 §..026 | ..044 | -.051 | ..034 | +.03 +050 § +.354 | +.645 1
50 | +0002 | +0008 | %0016 | +.0029 | 40046 | 40059 +0058 | -+0028 | 0088 | 0222 50 | <007 ] -.024 | -.045 | ..061 | -.057 <015 1005 | +.296 ! +.60¢ 1
60 | +.0001 [ +0003 | +0008 | +.0019 | +.0032 | +.004 0051 | 0029 140041 | 013 6.0 [ -.005 | -.008 | ~.040 | -.058 | -.065 | ..037 +.057 1 +252 | +.572 1
80 1.0000 | +0001 | +0002 | +.0008 | +.0015 | +.0028 +0038 | +0029 {.0022 | -0146 80 | -.000 §..009 | -.022 |-.044 -.068 [ -.062 | +.002 {+.078 | +.515 i
10, | .0000 0000 | +.0001 | +.0004 | +.6007 +0012 | #0029 | +.0028 | ., -
1210000 {0001 | +.0005 [ +0002 | +.0003 | +0013 | +0023 | 40026 .,%oli ﬁgiﬁ D09 |28 ) 083 | <00 | oy | 4123 +467 |1
410000 | 0000 | 0000 | .0000 | 0001 | +.0008 +0019 1 +.0023 | 0001 | -,0080 IZ1 0 -.000 | -.003 [-.016 [ ..040 | -.064 =049 | +.081 | +.424 1
1 0000 ] 0000 | 0001 | ..0002 |-.0001 f+0004 | 40013 | 0019 0001 {-o050] A1 O 0 6 1-0081..00)..05 =060 [+ 048 | +.387 | 1
Table I s Tension in circular rinps Lable VI Tonsion in circular rings R thwa
Triangular Load ) " Moment Per M, applied at base T
Fixed base, free top Iieged base, frec top H 1
T = caell. * wHR T = coff, * MRAT |
Positive sign indicates tension Positive sign indicates tension LA ‘u
14 Coefficicnts at poini
ne CocfMicients st palnt Dt | O00H jo1H | 02 | 031 [ 044 O5H | 0.6 | 0.9H | 0811 | 090
Dt | O0H | 01K | 028 | 038 | 04H O.5H | 06H | G700 | 0.84 | o.9n 04 | +270 | 4250 §+230 [+2.027| +1.91 [+1.69 | +1.41 +L13 | +080 | +0.44
04 | +0.049 | +0.435 | #0120 | 20,000 | + 0082 +0.066 | +0.049 | 40.029 | 30.014 | 30001 08 | +2.02 | +2.06 | +210 | +214 | 210 | +202 FLIS |4 175 | 4139 | +0.80
g f-g-.’z'g :3.;; ;gi:: »:.Jn;: :gg *:.::g +gj»; ::g +0.064 | 40010 P2 L4006 [ #1042 [+ 079 | +2.03 | +246 | +265 +280 260 f+222 | +1.37
+ + +0.48 | +0.0d 40054 | +0.0i6 L6 § +0.12 [ #0799 | + 143 | #2064 [ +272 [ +3.25 | +3.56 | +3.50 +3.03 | 201
3
i jﬁ;ﬁ ::J’f: ::;g #5icd ::11:; — ::—gﬁ o] g ::;3'31 200068 | 4022 | + 100 | #2.00 {4290 [ +3.6) | +430 | +454 | +4.08 | 4275
30 1r0i34 | +oa | soaen [ +om | 40397 | a3 [ +0mm |22 | snsst [ s00m 301 =078 1071 | 4040 | +1.60 | +295 | 420 | +5.66 | +658 | +635 | wums
L0 [ 40067 | +0164 | $0256 | +0339 | +0413 | +0.629 | +0.409 4033¢ | 40210 | 4007 40 8 <187 1000 | -0.08 |+ 004 | +247 [ +431 | +6 19 | @82 | +6.81 - .
50 140025 | +0.137 | +0245 | %0346 | +0428 | +0477 0462 | 40393 | 40253 { 40,002 50 <154 | -0.03 | <042 | +045 ) +1.86 | +3.93 +EOU | +941 | +11.0 | +2.02 R
i.,o TOUIS [ +0019 | 40234 | 40344 | #0448 | +0504 [ +0stq | +0.37 | 40301 0112 60 1 -£04 | .086 | 059 | 005 [ +1.21 | +33¢ | +654 | +102 | +130 | 4104
0 10001 |+0.104 | +0218 HOMS | 40483 {0534 | 40595 | 40530 | v03sr | 405 8.0 02024 | 053 | <073 | -067 {002 | +205 | +587 | +113 +16.3°| +6.06
0| -0.081 | +0.008 | +0208 | 40 +0.87 |+ +
v | Jas0s | 0007 | varmz | +o3m | +ose | pes [ 4068 brrgl bl ol 10§ 4020 12023 | 2064 | w054 [ o073 [+082 | +499 | 4106 ] 4194 | 4208
W[ <0002 § +0.098 | +0200 | 40306 | +0.420 +0539 | 40639 | 40666 [ +0.541 | 40241 1) #0.32 | 005 [ -04d6{ .09 [ -1.15] .0.18 +352 [+102 | 218 | 4257
16 | 0000 1%0.09 | +0.199 | +0304 | <0412 FOSH ) +0.641 | 40697 | +0.582 | 40265 Mo #026 | +0.04 | .028 | 076 | -1.20 | 087 +220 [ +105 | #23.5 | 4303
16. ] #022 14007 | -0.08 | -0.64 | -1.28 | -1.30. | +1.12 | +9.47 +24.5 | #4346
Tabie XII > Shear at base of eylindrieal wall
whH? (triangular)
V=col*{ pB ( rectangular) -
M/B  (mom.at base)
Positive sipn indicates shear acting inward
H2 Trinngular Lood, Rectangulor Load, Triangular or Rectangular Moment 2t
D) fised base | fixed buse Lond, hinged base cilge
[ +0.436 +0.755 +0.245 -1.58
0.8 +0,374 +0.552 +0.234 ~L75
12 +0.339 +0.46D +0.220 =200
16 +0317 +0.407 +0.204 -2.28
2.0 +0.299 +0.370 +0.189 =257
3.0 +0.262 +0310 +0.158 318
40 +0.235 +0.271 +0.137 -368
50 +0.213 +0.243 +0.121 410
60 +0.197 +0.222 +0.110 449
8.0 +0.174 +0.193 +0.006 -518
10 +0.138 +0.172 +0.887 -581
12 +0.145 +0.158 +0.079 -6.38
] +0.133 +0,147 +0.073 -6.88
416 +0.127 +0.137 +0.068 -7.36
i e — e e———
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For design problems: assume that; concrete characteristic strength f.=30 MPa and steel yield strength is
£,=400 MPa.

Question No. 1 (Total marks is 30 Marks)
A. For the shown four U-shaped open conduit water tanks in Fig. 1 of 8.5 m width and 2.8 m height, it is
required to: (15 marks)

il IS ol @
Fig. 1
1- Draw sectional elevation and plan indicating concrete dimensions of the fourth tank and all supporting
elements._(4Marks)
2- Discuss the difference between the four cases from the point of view of straining actions. (2Marks)
3- Select the best choice from the structural and economic point of view, and comment. (I Marks)
4- Carry out a complete design for the tank elements for case (d) and give full reinforcement
details sectional elevation and plan (add any supporting element you needed). (6Marks)
S- If the height of the previously designed tank is increased to 4m, is there a required change
in the statical system, and comment. (2Marks)

B. For the elevated rectangular tank shown in Fig. 2, with floor
6.5 m x 5.5 m and 4.5 m water depth, it is required to: (15
marks) :
1. Sketch the suitable statical system showing all necessary i 4.50

elements of the tank. (/Marks) ’ !
2. Carry out a complete design for the tank elements. (7Marks)
3. Give full reinforcement details on sectional elevation and plan. i Y
(3Marks)
4. If the height of the pervious designed tank is increased to 6m, «322m
with"the same columns, sugges the suitable statical system for

this case. (2Marks) _ . N i
3. Calculate the load on the floor beam with span 6.5 m. 2Marks) Fig. 2

Question No. 2 (Total marks is 30 Marks)
A. For the shown cross section of an elevated wide tank in Fig.3, it is required to carry out the following:
(12 marks)

A

Fig. 3 Wide Tank (14 m x 14 m x 2.6 m) 2.6m
(+20.0)

1.Suggest the suitable statical system (inner columns are permitted and don’t use projected beams). (I Marks)

2.Estimate, the concrete dimensions of all RC elements. (2Marks)

3.Calculate and draw the straining actions on both floor and wall and then design the critical sections of
the tank. (6Marks) .

4. Draw to a reasonably scale sectional elevation and plans showing all concrete dimensions and _give full
details of reinforcement for the tank. (3Marks)

.
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B. For the shown swimming pool (Fig. 4) which is constructed on medium clay with net bearing pressure
equal to 150 kN/m?, the pool width is 12 m. A pump room and storage area are required under the
right side of the pool. two columns are used to support the floor on the right side. It is required to: (/8
marks)

HW.L
1.2m
y=18kN/m® | 3.0 m /
v =18 kN/m?
Left side D>~<
Elevation
< 180 m N 120m N
N, 7
Fig. 4

1.Suggest the statical system and sketch the possible cases of loading for the given pool and the
resulted straining actions._(3Marks)

2.Carry out a complete design for the critical sections of the left side. (6Marks)

3.Draw to a reasonable scale detail of reinforcement for the given sectional elevation and the plan of the
right side._(3Marks) .

4. Check uplift for the given structure considering that the high ground water level is -1.2 m and RC
foundation level is -3.5 m. (3Marks)

3.Explain briefly the precautions that can be considered in the design of the pool concerning its safety
due to the effect of raising the ground water level GWT after construction. (3Marks)

Question No. 3 (Total marks is 25 Marks)
A. For the elevated cylindrical tank shown with D=10 m and height 8.0 m, it is required to: (15 marks)
1. Estimate, the concrete dimensions of all RC elements. (2Marks)
2. Draw the straining action diagrams for the wall and the floor. (7Marks)
3. Carry out a complete design for all critical sections. (3Marks)
4. Draw to a reasonable scale detail of reinforcement. (3Marks) wwym 10K m
[ . ] b— .
=B. For the shown cross section of an elevated surface of
revolution tank n Fig. 6, it is required to carry out the™ -
following: (10 marks) .
1.Without any calculation_sketch the load transfer, the
straining actions on all elements, and all needed and
supporting elements including foundation. (4dMarks)
2.Make the necessary adjustments to the shape of the tank
to match the design materials and R.C elements.

Explain your point of view. (3Marks)
3.Give full details of reinforcement for a section elevation

of the tank. (3Marks)

End of questions ..... (Wishing you best of luck)

Prof. Dr. Mohamed Hussein Mahmoud Prof. Dr. Dr Nesreen Mohamed Kassem
Assis. Prof. Dr. Mahmoud Ahmed Abdelaziz
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P Any missing data may be reasonably assumed. '

. Calculate the maximum force in members U8 (Assume D.L. per main girder = 9.0 t/m). (10%)

The main girders of a roadway through bridge are W-trusses having a span of 75 ms divided into 10
equal panels 7.5 ms each as shown below. The depth of main girder equals 7.5 ms. The spacing
between the main trusses is 18 ms. The roadway consists of six traffic lanes 3 ms each and 2 side
walks of 4.5 ms width each. The spacing between the stringers is 3 ms. The cross girder web height
is equal to 2 ms. The spacing between gusset plates in the truss equals 0.5 ms. Steel used is St 44.
The live load is shown in the figure below.

. Calculate the maximum force in members L5 (Assume D.L. per main girder = 9.0 t/m). (10%)
. Calculate the maximum force in members D9 (Assume D.L. per main girder = 9.0 t/m). (10%)

. Calculate the maximum force in members V11 (Assume D.L. per main girder = 9.0 t/m). (10%)

. Design a welded section for the truss member U35 if the maximum force U5 = - 800 ton. Consider
that the distance between gusset plates = 55 cm (15%)

DATA:
— Thickness of floor slab equals 200 mm besides 150 mm haunches.

—~  Weight of floor covering material = 175 kgs / m?. Material of construction is st. 44, e
. Calculate the fatigue stress then suggest a welded section’s dimensions for the truss member L3,
if the maximum force F3max= 970 ton, F3min = 530 ton. Consider that the distance between gusset

2300y Us Us U plate =55 cm and fi: = 1.26 t/cm?, (10%)

. Check the safety of the diagonal member D4 if constructed using HEB 550 (A = 254 cm?, 1y =
23.2 cm and ry = 7.17 cm), knowing that the maximum force of D4 = - 170 ton. then calculate
the number of M24 bolts Grade 10.9 (A, = 3.53cm?) required for connecting the member to the
gusset plates through a bearing type connection. (15%)

Di

Ls

10x7500 = 75000 mm
Elevation

18000 mm;

e =
250 kg/m2 forc<1.5m
S00kg/m2 forc=15m

200

1 1

Nl N T e N~

I'T I I I I

A A
hsop 2000 13000 Yysi500 3000 3000 450,
i 18000 mm .

Cross=section ~

Live Load For Roadway Bridges




Guide Equations:
The unsupported critical length Lumax =

13804, -C,

d-F,

800- 4, -C,
=" g5
d-L
Jua=0.58F,

| (L, /) F,
= 0.64-—2 L2 _|F <(.58F,

<0.58F,

u

1.176x10°C,

13000- C,
w2 = E/_rl)z—'

For non-compact truss element:

]s 0.58F,

t,2 1.2
ﬂ64 A

Buckling length for compression members:

b,/F, >c\2/_1:‘_; t_>.d

for L,/r,<84[C,/F,
for  84,C,/F, <L,/r,<188[C,/F,

for L, /r,>188/C,/F,

F,
Y 64

Buckling in plane

Buckling perpendicular to plane

Upper bracing

Pony Bridge

Upper chord

0.85L

0.85L

2.5 4[El a6

Web member

0.70L

0.85L

1.20L

The allowable stress in axial compression ( F.)

F,=[16-0.000085,,7] Ay, <100 For steel St 44.

el A >100

ﬂ, 2
For bearing type bolted connections:
Shear strength Ren ™~ = qudsn
qb = the allowable shear stress

=0.25Fw» for bolts of grade 4.6, 5.6 and 8.8 -
=0.20F for bolts of grade 4.8, 5.8,6.8 and 10.9 . -

Bearing strength Ry = Fp.d. minZt
* F, =the allowable bearing stress
=aF,

End distance in direction of force

>3.0d >25d >2.0d

1.2 1.0 0.8

Course Examination Committee
Prof. Ehab Ellobody Prof. Mahmoud El-Boghdadi

End of Exam

Dr. Khaled Ramzy

..‘
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Grouting (Grout curtain), Cutoff trenches, Partial cutoff, Sheet piling cutoff, Upstream blanket, and

Pressure downstream relief wells and Stone protection (Riprap) for slope protection in earth dams (4
marks)

E. For the following earth dam (Figure No.5), It is required the following: (4 Marks)
1. Draw only the free surface for horizontal filter in downstream with lengths= 10, 20, and 30m.
2. Draw only the phreatic line for inside sheet pile at the dam center with depths= 10, 15, and 20m.
3. Determine the seepage volume below the dam without blanket and without cutoff wall.
4. Design the upstream horizontal blanket to minimize the seepage under the dam to 50 % (width of
core bottom B=20m).

5. Determine the seepage volume below the dam with cutoff wall only with depths=20, 32, and 36m.

8 m
5 A
Y Figure No. 5

A —

£ Sheet pile depth
\)
N " n

Cutoff wall depth Horizontal filter length
L Pervious layer .
=9x10? m*/min

N

I T T T T I T T
F. Design a suitable section for (Ogee &pillway) overflow portion of a concrete gravity dam
having the downstream face sloping at a slope 0.7 H: 1 V. The design discharge for the spillway
is 8000 m*/sec. The-height of the spillway crest is kept at RL 204 m. The average river bed

level at the site is 100m. The spillway length consists of 6 spans having a clear width of 10m
each. The thickness of each pier may be taken to be 2.5m. (5 marks)

Equations may be used:

a+ ¢ —90°
K = tan? (45° — ___(52—)_

Fiee = (15)h.

e

Tanta University
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Irrigation and Hydraulics Engineering Department
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(Few)v = (Few)wu x cota

Fyave =2X ¥y xhwz

FEdam = 1.SXWXKE
2
(Faw)u =§-xaxH = 05xKgxy, x H: x cos? (90° — )

B a=0.75xKgx¥, x Hx cos? (90° — )
Page: 3/4

H H
hy =0.032VV x F B_J(_G'—T) B—u(a_c)
t=l’;'£+':e Sin%=%{:2 Tn="1.—t1 Vtotal=h(—A1;A4+A2+ Ag)
_ _Ywhr - ™m
" fau-0.5vwh 0= %auy
q=£%;h—zz) q =Kx (asina) x (tana)
-_L _ |2 __n 2 _20X 4 2
" cosa cos?a  sin?a s K +h,
g=Kxax sinfa a = Vh? + d? —Vd? — h%cot?a
- inZ o SO
q=KxIx sin“p I—sinﬁ
- g=Kxy, Yo =Vh*+d?—d
i - B B et W 2
y=VEIE IR h= g tHam [t H g L ey
- i H—hl . Hd = hz == - Khz .
cotfy Hg—hy cotf, q cotB,
Q=C.L,.H>? L, =L - 2[NK, — K,]H,
B 2
Q =Av velocity approach = % H, = velocity head = 32‘-’;
: h Khd—pqB
x5 = 2.H,%.y g="=N, g=K (3)d L==——E2
Ng \B7 172

0.724 (x + 0.27H,)*85

4

Page: 4/4

=
Hd 0.85

+0.126 Hy — 0.4315H,%%7%(x + 0.27H,)%6®
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Systematic arrangements of calculations and clear neat drawings are essential.
Any missing data can be assumed.

Question No.1: (35 marks)

A. Compare between the following items: (3 Marks)
1. Types of dams according to its purposes
2. The acting forces on the gravity dams
3. Constant radius arch dams, constant angle arch dams and variable radius arch dams

B. Calculate the following acting forces on the gravity dam (P.C) showing Figure No.1: (16

Marks)

Weight of the dam

Hydrostatic water pressure

Uplift pressure

Ice force

Earthquake forces

Hydrodynamic water pressure

Wind force

(Fig-1)

Horizontal acceleration

Vertical acceleration

(Earthquake)
(Earthquake) l

—>

10m - T

: v
IS IS AL
L B=55m =

Permeable layerr

Assume that @ = 45, the wind velocity= 10 km/hr, F=35 km, Coefficient of friction=0.70,
Ke=0.1for horizontal and hydrodynamic effect of earthquake, K,=0.15 and the earthquake
acting upward, hice=50 cm, Fice=15 hice.

C. Design of the gravity dam showing Figure No.1: (6 Marks) .
Determine only the factor of safety against sliding (1.5)
Determine only the factor of safety against overturning (2.0)

Tanta University
Faculty of Engineering
Irrigation and Hydraulics Engineering Department
Examination (Fourth Year) Students of Structural Engineering i

Course Title: Dams Engineering and Reservoirs- <Gl 3all 5 3 pall v Course Code: CIH4216

Date: 12, June, 2023 | Final Second Term Exam | Total Marks: 70 Marks Time Allowed: 3 Hours

E. A constant radius arch dam is designed for the river cross section shown in F igure 2. Figure
3 shows the vertical cross section at the center of the dam with external radius of 60m. The
allowable compressive stress of concrete equals 300 t/m?. It required the following: (6
Marks)

1. Check the safety of the dam section at levels A, B, C, D and E

2. Calculate the total volume of the dam: take 10m interval

3. Deflection displacement of the base of the dam

Crest level=50m

Level at E=40m
Level at D=30m
Level at C=20m
Level at B=10m

Levelat A=0.0m

Figure No.3

Question No.2: (35 marks)

A. Compare between the following items: (4 Marks)

1. Homogenous, zoned, diaphragm types of embankment dams

2. Details of hydraulic failure of earthen dams

3. Flow net, flow lines and equipotential lines

4. Ogee, Side channel, Chute, Shaft, and Siphon spillways
B. Determine the seepage discharge through the following earth dam (K=5x10* m*/min) shown

in Figure No.4, consider the following methods: (14 Marks)

‘Schaffernak and Iterson’s solution
Casagrande’s solution (Analytical solution)
Casagrande’s solution (Graphical solution)
Tylor’s solution (Graphical solution) (m=0.35)
Kozeny’s solution (Filter Length=15m)
Pavolvesky’s solution

Flow Net (H>=10 m) e

TH]=40m ) / 45m 1

10
Figure No. 4

PN AW

<

38 1. Dupuit’s solution ‘ - - e

Check stress of concrete if f; allowable equals 30 t/m? and f; allowable equals 5 t/m?
For the following load case: Full reservoir+ Uplift force + Earthquake upward

D. Prove relations for determining seepage through earth dams according to: Schaffernak
and Iterson’s solution. (4 Marks)

Page: 1/4
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C. Using Kozeny’s solution compute the free surface for the following case: (Filter
Length=15m) (4 marks)
D. Define with details the following techniques to contral seepage beneath earth dams:

Page: 2/4
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¢ Assume any missing data
* Answers should be supported by sketches

Question 1 (10 Points)

(a) Mention and discuss using clear sketches what are the three major concerns of civil
engineer in tunnelling projects in the following cases as shown in Fig. (1)

(I) Construction of Two vent
tunnel using cut and cover
Technique

(1) Construction of a Metro
tunnel using tunnel boring
: machine
Figure (1)

(b) Using clear sketches show the construction sequence of the following
construction techniques
(h Tunnel boring using TBM
() Pipe Jacking

Question 2 (10 Points)

A Metro line station shall be constructed using the cut and cover method of construction.
The station has the following configurations:
- The station is 35 m wide and 90 m in length.
- The bottom level of the station is 25 m below the ground surface.
- The station is surrounded with many neighbouring buildings at the ground surface
and shallow underground utilities.

If preliminary calculations resulted in the possibility of buckling of the wall to wall struts if
used to support the sides of the excavation. Discuss in details using demonstrative
clear sketches all the alternative techniques to provide support to the sides of the
excavation.

(1/6)

Question No. 3 (10 Points).

(a) Describe briefly using clear sketch the main construction sequence of soil nailing.

(b) Discuss the main difference between soil nailing and ground anchored walls.

(c) Using only clear sketch, show the modes of internal failure of soil nailed walls.

(d) A tunnel has to be constructed in an urban area with the cut and cover technique.
Figure (2) shows a cross section of the 10.0 m deep excavation for tunnel
construction. The excavation support system consists of diaphragm walls and
tieback anchors. It is required to calculate the load in tieback B, the length LB and

the length L2. The horizontal spacing between anchors is 4.0 m, and the diameter of
grouted anchor is 0.80m.

T F ST
1m Stiff fissured clay
2
X =21kN/m -
o ®' =0
su= 100 KPa
4m

Fig. (2)

Question No. 4 (20 Points)

(a) A circular shaft with inner diameter of 20.0 m and reinforced concrete wall of a thickness
1.25 m is required to be sunk to a depth of 30.0 m .The soil profile in a site consist of an
extended silty sand layer (y= 1.80 tm3 , ¢ = 2.0 Ym? and &= 32°). Assuming that the
ground water table is located 2.00 m below the ground level, it is required to make a
sinking analysis chart at each 3.00 m of the shaft height.

(b) Using the chart produced by the sinking analysis in problem (a), it is required to
determine: ’

i) The maximum additional force required during sinking,
ii) At what depths such force shall be required.

iif) The maximum braking force required during sinking.
iv) The depths at which the breaking system should work.

(c) For the same shaft, estimate the thickness of a simply supported concrete seal
(concrete slab) to prevent the water inters the shaft [consider fcu = 250 kg/cm?)].

Hint: T=1.09 %“3, f’:=0.15 fcu

(2/6)
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