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Remarks: If not mentioned; consider fcu = 25.0 N/mm2, Steel grade is 360/520, and dimensions are in mm.  

Any missing data may be reasonably assumed 

 غير مسموح باصطحاب أى جداول أو مساعدات تصميم بخلاف المُسَلَّمَة فى لجنة الإمتحان ثلاث ورقاتالإمتحان مكون من 

Question One  ( 15 Marks) 
 

Answer briefly the following: 

 

a) At what thickness, solid slabs should be provided with shrinkage reinforcement? (3 Marks) 

b) What is meant by long term and short term deflection? (3 Marks) 

c) Members subjected to concentric compression forces could be made of plain concrete; 

however, longitudinal and transversal reinforcement are used in these members. Why?         

(3 Marks) 

d) Define the braced and unbraced building according to the Egyptian code. (3 Marks) 

e) Classify the difference types of reinforced concrete walls. (3 Marks) 

 

Question Two  (15 Marks) 

 

a) In a braced building, check the buckling condition for the 5.0 m height solid rectangular 

reinforced concrete wall 0.30 x 4.50 m, Calculate the maximum ultimate load that can be 

resisted by this wall. Find the amount of minimum reinforcement required for the wall and 

show its details on the cross section to a reasonable scale. Consider the wall is fixed at 

foundation level and hinged at floor level. (6 marks) 

 

b) For the interaction diagram of the cross section shown in Fig. (1), it is required to determine 

the section capacity at the marked three points. (9 Marks) 

 

                               

 

 

 

 

 

 

 

 

 

 

 

                       
 

  Figure.(1) Schematic drawing of interaction diagram 
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Question Three  (15 Marks) 
For the part of the typical floor of a residential building shown in the Fig. (2), if you know that: 

Floor cover = 1.50 kN/m2 , L.L. = 2.00 kN/m2, Walls exist over all beams with height of 

2.40 m and intensity 3.00 kN/m2, all beams’ cross section 250 × 600 mm, Hatched slab is 

100 mm lower than the rest of the floor, it is required to:  

1. Design the necessary critical sections for the slab at strips I-I and II-II. (5 marks) 

2. Draw neatly, to a convenient scale on plan, the details of reinforcement for all shown 

slabs. (5 Marks) 

3. Without any calculations, show the reinforcement detailing of the beam at axis (4-4) in 

elevation (scale 1:50) and cross sections (scale 1:25). Show the necessary steel curtailments.  

(5 Marks) 

 
 

Figure (2) 

Question Four  (30 Marks) 

Figure (3) shows a structural plan and a sectional elevation for a multi-story center, if you know 

that: 
Floor cover = 2 kN/m2, L.L. = 5.0 kN/m2, Slab thickness = 150 mm, 250 mm red brick walls 

exist over all outer beams with intensity 5.0 kN/m2, all beams’ cross section 300×800 mm, and 

columns are totally fixed at foundation level, it is required to:  

 

1.  Make complete design of reinforced concrete column C1 at the first floor as a circular 

spiral composite column, (Reinforced concrete inside steel pipe section). Consider fy=240 

N/mm2 for steel pipe and spiral reinforcement. ( 7.5 Marks) 

2. Make complete design of reinforced concrete column C2 at the ground floor as a square 

tied column. ( 7.5 Marks)  
3. Make complete design of reinforced concrete column C3 at the ground floor as a 

rectangular tied column with width 400mm. ( 7.5 Marks)  
4. Make complete design of the shown reinforced concrete tie on axis 3-E. ( 7.5 Marks) 
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Question One  ( 15 Marks) 

 

Answer briefly the following: 

 

a) At what thickness, solid slabs should be provided with shrinkage reinforcement? (3 Marks) 

Solid slabs is supplied with shrinkage reinforcement when thickness of slabs 

exceeds 160mm. 

 
b) What is meant by long term and short term deflection? (3 Marks) 

Long term is caused by shrinkage and creep. 

Short term is caused by dead load and live load. 

 
 

c) Members subjected to concentric compression forces could be made of plain concrete; 

however, longitudinal and transversal reinforcement are used in these members. Why?         

(3 Marks) 

Benefits of using longitudinal reinforcement 

 Increase the ultimate capacity load 

 Resist the lateral loads.  

Benefits of using transversal reinforcement 

 Fix longitudinal reinforcement 

 Confinement for section 

 
d) Define the braced and unbraced building according to the Egyptian code. (3 Marks) 

Braced building defined if the following conditions achieved 

 There was R.C walls in both direction extend from foundation level to 

the final height of building. 

 The building is symmetry in both direction 

 60.0
EI

N
Hb  in case of building equal or more than 4 

 n
EI

N
Hb 10.020.0   in case of building less than 4 

 
e) Classify the difference types of reinforced concrete walls. (3 Marks) 

.           أفقية بقوى صحوبةـم رـغي أو مصحوبة ضغط قوى إلى أساسا رضةمع وهي حاملة حوائط أ

 نفس في حاملة كحوائط لتعم أن ويمكن ،الانبعاج ضد الحاملة الحوائط بتدعيم وتقوم تدعيم حوائط -ب

 .الوقت
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Question Two  (15 Marks) 

 

a) In a braced building, check the buckling condition for the 5.0 m height solid rectangular 

reinforced concrete wall 0.30 x 4.50 m, Calculate the maximum ultimate load that can be 

resisted by this wall. Find the amount of minimum reinforcement required for the wall and 

show its details on the cross section to a reasonable scale. Consider the wall is fixed at 

foundation level and hinged at floor level. (6 marks) 
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b) For the interaction diagram of the cross section shown in Fig. (1), it is required to determine 

the section capacity at the marked three points. (9 Marks) 

 

                               

 

 

 

 

 

 

 

 

 

 

 

                       
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

  Figure.(1) Schematic drawing of interaction diagram 
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Question Three  (15 Marks) 
For the part of the typical floor of a residential building shown in the Fig. (2), if you know that: 

Floor cover = 1.50 kN/m2 , L.L. = 2.00 kN/m2, Walls exist over all beams with height of 

2.40 m and intensity 3.00 kN/m2, all beams’ cross section 250 × 600 mm, Hatched slab is 

100 mm lower than the rest of the floor, it is required to:  

1. Design the necessary critical sections for the slab at strips I-I and II-II. (5 marks) 

2. Draw neatly, to a convenient scale on plan, the details of reinforcement for all shown slabs. 

(5 Marks) 
3. Without any calculations, show the reinforcement detailing of the beam at axis (4-4) in 

elevation (scale 1:50) and cross sections (scale 1:25). Show the necessary steel curtailments.  

(5 Marks) 

 
 

Figure (2) 
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Solution 

 
 

 
1-Concrete Dimension 

SLAB long short LL/Ls TYPE Ln K ts CHOOSE 

1 _______ 1.50 _______ cantilever 1.375 10.48 131 150mms 

2 5.00 4.00 1.25 TWO WAY 4.00 35 114 120mms 

3 6.50 4.00 1.625 TWO WAY 4.00 40 100 120mms 

4 5.00 4.00 1.25 TWO WAY 4.00 35 114 120mms 

 

2-Loads 

ssssu
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mkNHensityP

wallhandrailofLoad

wuwall /04.520.100.340.1int40.1 
 

Slab No ts F.C gs ps Wu 

S1 0.15 1.5 5.25 2.00 10.875 kN/m2 
S2 +S3+ S4 0.12 1.5 4.50 2.00 9.75 kN/m2 
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3-Loads distribution:- 

SLAB LL Ls mL ms r a b Wa Wb 

2 4.00 5.00 1.00 0.76 1.05 0.375 0.317 3.66 3.09 

3 6.50 4.00 0.87 0.87 1.625 0.663 0.133 6.46 1.30 

4 5.00 4.00 1.00 1.00 1.25 0.475 0.224 4.63 2.18 

 

 

4- Straining action of strips:-  

Strip (1-1) 

6.46 kN/m 

4.00

3.66 kN/m 

5.00

1.36 kN.m

12.375 kN/m 

5.04 kN
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0.02 kN.m12.24 kN.m
 

 

Strip (2-2) 

 

3.09 kN/m 

6.18 kN.m

4.0 4.0

4.63 kN/m 

9.26 kN.m
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5-Design of critical sections 
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STRIP.NO 
SEC.

NO 
Mu d C1 J As R.F.T 

STRIP.NO(1)                      

1 21.48 130 4.45 0.810 567 6 Ф 12 /m 

2 1.36 100 13.56 0.826 46 6 Ф 10 /m 

3 12.24 100 4.52 0.820 415 6 Ф 10 /m 

STRIP.NO(2)                      
1 9.26 100 5.20 0.826 314 6 Ф 10 /m 

2 6.18 100 6.36 0.826 210 6 Ф 10 /m 

 

6-Reinforcement details 
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The reinforcement detailing of the beam at axis (4-4) 
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Question Four  (30 Marks) 

Figure (3) shows a structural plan and a sectional elevation for a multi-story center, if you know 

that: 
Floor cover = 2 kN/m2, L.L. = 5.0 kN/m2, Slab thickness = 150 mm, 250 mm red brick walls 

exist over all outer beams with intensity 5.0 kN/m2, all beams’ cross section 300×800 mm, and 

columns are totally fixed at foundation level, it is required to:  

 

1.  Make complete design of reinforced concrete column C1 at the first floor as a circular spiral 

composite column, (Reinforced concrete inside steel pipe section). Consider fy=240 N/mm2 

for steel pipe and spiral reinforcement. ( 7.5 Marks) 

2. Make complete design of reinforced concrete column C2 at the ground floor as a square 

tied column. ( 7.5 Marks)  
3. Make complete design of reinforced concrete column C3 at the ground floor as a 

rectangular tied column with width 400mm. ( 7.5 Marks)  
4. Make complete design of the shown reinforced concrete tie on axis 3-E. ( 7.5 Marks) 
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Solution 

Design of column (C1) 

1-Loads 

Slab loads 

 

  kNP

LLCFtAP

slab

consslabslab

375.120900.500.22515.0)350.70.5(

...



 
 

Beam loads 

kNP

ttbLP

beam

consbeambeam

375.21925)15.080.0(30.0315

)( .



 
 

Wall loads 

zeroPwall   

Total ultimate load 

 

 

kNP

P

PPPP

u

u

wallbeamslabu

44.2357

50.110.100.0375.219375.1209

50.110.1







 

 

2-Design of section 
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














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3-Check buckling 
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  A-In plan = Out of plan 

Ho
 =3.20m  

K=1.20 (fixed @ top, fixed @bottom, un braced building) 
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Design of column (C2) 

1-Loads 

Slab loads 

 

  kNP

LLCFtAP

slab

consslabslab

50.161200.500.22515.0)450.70.5(

...



 
 

Beam loads 

kNP

ttbLP

beam

consbeambeam

50.29225)15.080.0(30.0415

)( .



 
 

Wall loads 

zeroPwall   

Tie reaction 

  
 

kNP

ttbLLLCFtAP

tie

consbeamconsslabtie
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25)15.080.0(30.050.7
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












  

 

Total ultimate load 

 

 
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P

PPPPP

u

u
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37.3298

50.110.103.18850.000.050.29250.1612

50.110.150.0




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2-Design of section 
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0.60 

Totally fixed 

3-Check buckling 
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  A-In plan = Out of plan 

Ho
 =7.20m  

K=1.20 (fixed @ top, fixed @bottom, un braced building) 
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4-Design moment 
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5-Design of section 

The section subject to Bi-axial moment 

M
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6
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6-Reinforcement detailing 
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Design of column (C3) 

1-Loads 

Slab loads 

 

  kNP

LLCFtAP

slab

consslabslab

50.5370.50.22515.04550.2

...



 
 

Beam loads 

kNP

ttbLP

beam

consbeambeam

25.14625)15.080.0(30.0)450.255(

)( .



 
 

Wall loads 

 
kNP

ensityhLP

wall

wallwallwall

25.3515)0.525.120.340.5(

int



 
 

 

Cantilever loads 

          Load (for shear) on Beam at Axis (A-A): 
               

2.50

5.0 5.0

R
 

      

 

 

kNLwR

mkNw

XLLCFtttbw

sh

sh

consconssh

55.91531.18

/31.1850.050.20.50.22515.025)15.080.0(30.0

..)( ..





 
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           Load cantilever beam: 
               

        

2.50

5.0

2.50

 

 

  mkNw

XLLCFtttbw

mt

mmbbassume

sh

consconssh

avr

colcan
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Total ultimate load 

 

 

kNP

P

PPPPP

u

u

cantwallbeamslabu

94.2158

50.110.145.27325.35125.14650.537

50.110.1.







 

 

Working
B.M.D

Ultimate
B.M.D

Ultimate
N.F.D

 228.13kN.m

 228.13kN.m

 456.25kN.m  456.25kN.m
 684.38kN.m

 684.38kN.m

342.19kN.m

342.19kN.m 2158.94 kN

 1707.75kN

Critical sections:- 

 

Sec. 

No. 
Pu (kN) Mu (kN.m) 

1 -2158.94 342.19 

2 -2158.94 684.38 

3 -1707.75 684.38 

4 -1707.75 342.19 
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3-Check buckling 
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Pu = -2158.94kN 

1200 

A-In plan 

Ho
 =7.20m 

K=1.30 (partially fixed @ top, totally fixed @bottom, un braced building) 

 columnShort
t

KHo
t 1080.7

20.1

20.730.1



  

B-out of plan 

Ho
 =3.20m 

K=1.20 (totally fixed @ top, totally fixed @bottom, unbraced building) 

columnShort
b

KH o
b 1060.9

40.0

20.320.1



  

 

4-Design of section 

The section subject to Bi-axial moment 
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1- Eccentricity 
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Design of Tie 

1-Loads 

Slab 

 

  kNxP

LLCFtAP

slab
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Beam 
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2-Design of tie 
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