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USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

SECTION-A

There are SEVEN questions in this Section. Question i is compulsory.
Answer any FOUR from the rest. Assume reasonable value of any missing data.

1. . The plan of a reinforced concrete building having flat plate floor system is shown in

Fig. 1. It is a ten storied building to be used as a hospital in Khulna City. Floor-to-floor

height is 11' and the column. base,S are located 2' below groUnd level. Soil condition is

unknown. Following the equivalent static force method of BNBC-1993, compute

earthquake forces at each story level. (21)
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2. Anal.yze the plane frame of Fig. 2 using approximate cantilever method of analysis and

draw the bendingmom~nt of the beam EFGH and column BFJ.
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3. Draw the shear force and bending moment diagrams for the column ABC of the mill

bent shown in Fig. 3 and find bar force in the knee brace EH. (21)
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4. . Analyze the plane frame of Fig. 4 by approximate method and draw the shear force and

bending moment diagrams of the beam of 1st floor and the axial force diagram of the
columns. All beams are acted upon by 5 k/ft of dead load and 3 k/ft of live load in the

direction of gravity. (21)
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5. For the building described in question I and Fig. I, determine the total thrust of wind

based on BNBC-1993 code. The wind blows in x direction. (21)

6. The space truss of Fig. 5 is in the form of a cube. Determine the force in each member

due to force P = 20 kip acting at joint E along line CEo (21)
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7. Analyze the plane frame of Fig. 6 by an approximate method and draw the axial force,

shear force and bending moment diagrams. (21)
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SECTION-B
There are, SEVEN questions in this Section. Answer any FIVE.

8. Compute vertical displacement and rotation at B of the structure shown in Fig. 7 due to

the 100 kip load applied ofE. Given: E = 30,000 ksi; 1= 360 in4; A = i6 in
2
throughout. (21)

9. Determine the forces in the bars AD, BC, GR, GE, HF, GF and EH of the structure

shown in Fig. 8. Use approximate method of analysis. (21)

10. Using method of consistent deformation, draw axial force, shear force and bending
moment diagrams for the frame shown in Fig. 9. EI is constant throughout. Neglect axial

force effect. (21)

11. For the truss shown in Fig. 10, determine all reactions and member forces. Use method
of consistent deformation~ Given: E = 29 x 103ksi and cross sectional area, A = 2 in

2
for

~~:r?'all bats. (21)

12. Compute the amount of translation and its direction of the joint at B of the truss shown
in Fig. 11. The temperature of AB and CD falls by SOop and that of all other members

rises by 80°F. Given: at = II/oF (21)
1,50,000

13. Compute the relative displacement of joints C and F along the line joining them (Fig.
12) due to the loads shown. Cross sectional areas of members in in

2
. are shown in

parentheses alongside each member. Given: E = 30000 ksi. (21)

14.. Draw shear force and bending moment diagrams for the beam shown in Fig. 13. Given:

EI = constant throughout. (21)
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Site Coe/flden~ 5, for SelsDUcLateral Fcm:es (1)

SIN Soil Owaeterlslics CoeI6cien~

Tvoe

5
Detcrinlion

51 A soil profile with either :
a) A rock.1ike molOrial characterized by a shear.wave velocity greater than 1.0

b)
162 m/a or by other suitable melll\l of c1a•• ilicatioi1. or
Stiff or d••••• soil condition where the soU deptb •• )••• than 61 metr ••

'52 A aoU prolUe with dense or atlff aoU oondItIont, where the aoil depth exceeds 1.2

61 melret .

53 .A aoU prolUe ZI.melret or more in 1leplh and contaln~g more than 6 melr •• 1.5
of .oft 10 medium atil! clay but not mere than 12 melret of Soft clay

sf A soil pro!ile ~ more than 12 metrel of solt clay characterized by a 2.0
shearwavevelod •••• than 152 m/a .

Note: (1) The .Ue coeffidtt\t Ihall be estabUlhed from properly ,ubstantl.ted geotechnical data. In locations
wheft' the soil propertfa are not known in sufficient dead1 to determine .he MU profile type. soU
profile 53 thall be used. SOUproftle st need not be __ unIeu the bundlngoffld.1 determl ••••
IlIal lOllprofile st may be p••••• t.tlhe .lle, .r In the event,,",t •• IIprofile st I••••• blJohedby
-_hnical cia... .

Tables and figures for equivalent
static method of earthquake force
using BNBC 1993 code
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Slructure
Importance
e••mcienl
} /'

1.25 1.50
1.25 LSO
1.00. 1.00
1.00 . 1.00
1.00 1.00

. Slructure lmporlln"" c••mclellts I, I'

Slructun! lmporllnce CalOlOI')'
(see Table 6.1.1 r.roccupancy)

I Essential raoilitie.
II Hazardous l'acilili••
III . Special ooc:upanoy stnJdu.res
IV Standard occupancy structures
V Low.risk SINOlures

Selmlc Zone Coell'lCieats, Z

Selsmlc Zone Zone
(see Fie Coefficient
6.1.10)

I O,07S
2 O.IS
3 0.25

Basic Structural Dtscrlp1lon of Latlnll Force Resisting Syslem R

System(1) .

d. Dual System 1. Shearwalll
I) Conc:retewlth sl •• , or conerele SMRF 12

U) Concl8lll wlth sleBl OMRF 6

UI) Concl8lll wItIlconcrete IMRF(4) 9

Iv) Masonry wItIlst •• 1or concrele SMRF 8

v) Masonry wlth steel OMRF 6

vi) Masonry wlth concl8llllMRF (3) 7

2- SteelEBF 12

I) Withsteel SMRF 6

ii) Withsteel OMRF 10

3. Conc:entrlcbraced lrame (CBF). .- 6
I) Steel wlth steel SMRF 9

U) Steel wtIh steelOMRF ' 6
III) Conc:relewlth conc:rete SMRF(31
Iv) Concrete wlth concrete IMRF(3)

e. Spec;lal see sac 1.3.2, 1.3.3, 1.3.5
Structural

Syslems

Nol85:(1) Basic Structural Syslems are defined in Sec:1.3.2, Chapter 1.
(2) see Sec: 2.5.6.6 lor combination of structural systems, and sac 1.3.5 lor system
(3) limitations.
(4) Prohibited In Seismic Zone 3.
(5) Prohibited In Seismic Zone 3 except as pennlUed In Sec:2.5.9.3.

P.rohlbltedIn Seismic:Zones 2 and 3. sac 1.7.2.6.
.

Response Modification Coefficient -for Structural Systems, R
.~_._.,~_'.•. -. ~-'w -:-.~.•._ ..••.••_'----- -.-~-._ •..,.•.•.-_.- ••-~.-.~._ ••~~.-- .•.~.•.••-_ ....•. _ .••. - - ~~,.. ,..•....•.

Basic Structural .Description of Lateral Force Resisting System R

System(1)
a. Bearing Wall 1. .Ught framed walls w1Utshear panels

System I) Plywood walls for structures, 3 storeys or less 8
Il) All oUter light framed walls 6

2. Shear walls 6
I), . Concrete 6

• II) Masonry 4

3. Ught~lteel framed bearing walls with tension only 6
bracing 4

4- Braced frames where bracing cames grevlty loads 4

I) Stoel
II) Concrete (3)
III) Heavy timber

b. Building 1. Steel eccentric braced frame (EBF) 10
Frame 2- Ught framed walls with shoar panels 9

System I) Plywood walls for structures 3-storeys or less 7

II) All oUter light framed walls 8

3. Shear walls 8

I) Concrete 8
II) Masonry 8

4- Concentric braced frames (CBF) "
8

I) Steel
II) Concrete (3)
iii) Heavy timber

c. Moment 1. Special moment resisting frames (SMRF)
Resisting I) Steel 12

Frame System II) Concrete 12
2.. intermediate moment resisting frames (IMRF), 8

concrete(4) 6
3. Ordinary moment resisting frames (OMRF) 5

I) Sleel .
II) Concrete (5)
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Tables and figures for wind load calculation using BNBC 1993

8.sic Wind _wlna
location SPeed lkmlhl loc.llon Spetd (kmlhl

Angorpota 150 lIlmonlrllll 21M
8Igerll1l 252 Mldlltpur 220
Blndllbln 200 M'gurl 208
IlIrgun. 260 M.nil<ganJ 185
1lIrtu1 250 Mehll'JlUf 185
8lloll 225 Mlheehkh.1I . 260
Bogra 198 Moulviblur 168
8rahllllllbltl, 180 . Mun.hlg';'l 184
Chandpur 160 Mymonllngh 217
Ch"'" Naw.lIg.nJ 130 NI09IOR 175
Chlltlgong 260 NIIlII 222
Chu •••• nga 198 Nmyang.nJ 195 .
ComUll 196 N,ralnghdl 190
COl', Blur 260 NIlore 198
Deh.gwn 150 . NeItokon. 210
DIlIu 210 Nllph.ma~ 140
OIn.Jpur 130 Noakh.1I 184
Fartdpur 202 P.1mI 202
Fenl 205 P.ncll'gIrh 130
G.lblndhl 210 Pllulkh.11 260
GlZlpur 215 Plrojpur 260
Gopilg.nJ 242 R.jbat1 188
HlblganJ 172 Rajlhehl . 155
Hilly. 260 Rang.mIli 160
lIIIurdl 225 . R.ngpur 209
Joypurhal 180 Sllkhlra 183
J.mafpur 160 Shllt.1pur 198
Jeuore 205 S,*""r 200
JIl.I.ud 280 Sir.pJ 160
Jhen.ldlh 208 5_g.1 160
Khogrldlhl.1 160 5l MorUn'l IIl1nd 260
Khuln. 238 5unomganJ 195
Kutubdll 260 Sythel 195
K1ehoreganJ 207 S.ndwtp 260
Kurlgram 210 T.ngiU 160
Ku.htll 215 reknit 260
lIk1hmlpur 162 Th.lwrglOR 130

or

..~ .•..'
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,. .FJG;UI't IIA8Ic YIlND '8PEED'MAP
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Height above Coefficient, Cz (1)
Expo_ureA ExposureB ExposureC

1.654 1.321 1.154
1.592 1.294 1.140 6:01.511 1.258 1.121 1.2639.0 1.3701.457 1.233 1.107 12.0 1.4511.418 1.215 1.097

15.01.388 1.201 1.089 0.624 1.125 1.517
1.363 1.189 1.082 18.0 0.677 1.185 1.573

21.0 0.725 1.238 1.6231.342 1.178 1.077 24.0 .. 0.769 1.286 1.667
1.324 1.170 1.072 27.0 0.8101.309 1.162 1.067 1.330 1.70630.0 0.849 1.371 1.7431.287 1.151 1.061 35.0 0.909 1.433 1.7971.268 1.141 1.05S 40.0 0.965 ~.488 1.846
1.252 1.133 1.051 45.0 1.017 1.539 1.8901.238 1.126 1.046 50.0 1.065 1.586 1.9301:215 . 1.114 1.039 60.0 1.155. 1.671 2.002

'1.196 1.103 1.033 70.0 1.237 1.746 2.065
1.180 1.095 1.028 80.0 1.313 1.814 2.1201.166 1.087 1.024 90.0 1.383 1.876 2.1711.154 1.081 1,020 100.0 1.450 1.934 2217
1.114 1.075 1.016 110.0 1.513 1.987 2260
1.134 1.070 1.013 120.0 1.572 2.037 2.2991.126 1.065 1.010 130.0 1.629 2.084 2337
1.118 1.061 1.008 140.0 1.684 2.129 2371
1.111 . 1.057 1.005

150.0 1.736 2171 2404
1.104 1.053 1.003 160.0 1.787 2.212 2.436
1.098 1.049 1.001 170.0 1.835. 2.250 2465
1.092 1.046 1.000 180.0 1.883 2.287 2.494190.0 1.928 2.323 2.5211.087 1.043 1.000
1.082 1.040 1.000 200.0 1.973 2.357 2.547
1.073 1.035 1.000 220.0 2058 2.422 2.5%
1.065 1.030 1.000

240.0 2.139 2.483 2.641260.0 2217 2.541 2.6841.058 .1.026 1.000
1.051 1.022 1.000 280.0 2.910 2.595 2.n4300.0 2.362 2.647 2.762

Nofe: I Linear int IllIion is acee rable for inlennediate values of I.
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Tables and figures for wind load calculation using SNSC 1993

Rectangular .Building

rod:> TO.r .... -7Ft

~L-I
lal Plan

SO.

10.0 .1.55 1.85 2.00 1.70 - 1.30 1.15

20.0 1.80 2.25 2.55 2;00 1.40 1.20 '

~40.0 1.95 2.50. 2.80 2.20 '1.60 .1.25

Note:(l) These coefficients a~ to be used with Method-2 given in
Sec;:2.4.6.6a(ii). Usc Cp =,1 0.7 for [00/ in all cases. .

(2)Lin~r interpolation may be made for intennediate values
ofhIB and LIB.. '

,"". .._ __ _." __ _ ,.._ _._~ _ _." _ M_ ~__~,._.._._"""'- _.-..._..;,..__._ .
.,.._~-_._--._.-...~..__ •....•.......... _-~...

Table 6.2.15 (1)
Overall Pressure Coefficients, E/7.) for Rectangular B~ildings with Flat Roofs

. .

IbJ Elevalion

/-L-\
T
h

--- -_.__ .~.._- ......••__ .

..rind:>

Str:ucture Importance Category Structure Importance
(see Table 6.1.1 for Occupancy) Coefficient, C[

I Essential facilities 1.25
II Hazardous facilities 1.25
III Special occupancy structures 1.00
IV Standard occupancy structures 1.00
V Low-risk structures 0.80
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this section. Answer any THREE.

L (a) A 16 x 25 in. column is reinforced with ten NO.9 bars as shown in Fig. 1. Construct

the nominal strength interaction diagram for the column with five points corresponding to

pure .axial load, pure bending, balanced condition, Cs = 0.001 (tensile) and Cs = 0.004

(tensile). Also find corresponding «I> .for the above points. Assume bending about Y - Y

axis. Given: f: = 4 ksi and fy = 60 ksi.

(b) A circular column carries working loads PDL= 900 kip and PLL= 500 kip. Design the

spirally reinforced column using reasonable percentage of main reinforcement. Also

design the ACI spiraL Use USD. Given f: = 4 ksi and fy = 60 ksi.
. . . . .spin:tU:\

(c) What isACI spiral? Explain the failure behaviour of ACI speciaUy\feinforced column.

2. (a) A ground flo~r column of a multistoried building is to be designed for the following

load combinations - Gravity load combination Pu = 600 kip, Mu = 70 kip-ft. Lateral load

combination Pu = 550 kip, Mu = 400 kip-ft. Architectural considerations require that a

rectangular column with b = 15 in and h = 25 in is to be used. Material strengths are

f: = 4 ksi and fy = 60 ksi.

Find the required column reinforcement, tie size and spacing and show in sketch. Use

relevant design chart assuming reinforcement distributed ~ the perimeter.

(b) Design a tied column with about 3% .reinforcement to support unfactored laods

PDL= 450 kip and PLL = 350 kip. Due to architectur~al reason, the width of column

b = 12" should be maintained. Also design tie size and spacing. Use USD and show

sketches. Given: f: = 5 ksi and fy = 72.5ksi. -

(25)

(14)

(7%)

(20)

(14)

(c) Why are «I> values lower for compression than those for flexure or shear? What is the

significance of using a. in column design? (12%)

3. (a) Design a single footing to support an 18 x 18 in square tied column reinforced with

eight NO.9 bars. One side of the footing is limited to 9.0 ft. The column carries

unfactroed axial dead load of 275 kip and live load of 200 kip. The base of the footing is

4-ft below grade and the available soil pressure is 5 ksf. Use f: = 3 ksi and fy = 60 ksi. (23 % )
Contd .. t ••.•.•• P/2
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. (b) A column 19" x 19" in size carries working dead load POL= 30q kip and live load (23)
PLL = 150 kip. Cast in-situ piles of diameter 20 in with allowable load carrying capacity

of 125 kip are to be used. Pile spacing shall be 3 times the pile diameter. Design the pile

cap using USD method. Draw plan and section.showing all reinforcements and necessary

.details. Given: f: = 3 ksi and fy = 60 ksi.

4. (a) A gravity retaining wall as shown in Fig. 2 is to retain a bank 15 ft high whose

horizontal surface is subjected to a live load surcharge of 300 pst', The soil is a sand-

gravel mix with unit wt = 120 Ib/ft3 and ~ = 30°. Assume base friction coefficient = 0.5,

allowable bearing capacity = 7000 psfan<;l unit wt. of concrete = 150 Ib/ft3• Check if the

wall has adequate factors of safety against overturning, bearing and sliding. (21)
(b) The section of RC cantilever retaining wall supporting granular soil is shown in Fig.

3. Assuming that there are adequate factors of safety against overturning, bearing and

sliding, design the thickness and flexural reinforcement for the arm at the bottom

(curtailment is not required). Also find other reinforcements required in the arm. Show all

reiriforcement in a sketch. Given: f: = 3 ksi and fy = 60 ksi, unit wt of soil = 120 Ib/ft3

~ ~ 30°, surcharge = 400 psf. (14)

(c) Why is seismic detailing essential for earthquake resistant design of structures? Draw

and explain seismic detailing provisions for column of an intermediate moment resisting

frame as per AC~/BNBC code.

SECTION-B
There are FOUR questions in this Section. Answer any THREE.

(11%)

BNBC
5. (a) Why is it essential to provide minimum thickness for slabs as per ACI/BNe code? (8)

(b) Write in short ACI/BNBC code provisions for one-way joistfloor. (8)

(c) What are the guidelines generally used for estJablishing the axes of rotations and yield

~~~? 00
(d) Calculate the yield moment for a simply supported square slab subjected to uniformly

load
distributed"by equilibrium method. . (8)

(e) Using the method of ~m~f'tork, determine the load carrying capacity of the one-

way uniformly loaded continuous slab which has a 12 ft span and is reinforced to provide

a resistance to positive bending moment 6.0 kip-ft 1ft throughout the span. In addition,

negative steel over the supports provides moment capacities of 6.0 kip-ft/ft at one end

and 9.0kip-ft/ft at other end. (14%)
Contd P/3
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6. (a) Name different types of reinforced concrete floor slabs commonly used in Bangladesh

with neat sketches.

(b) What are the code provisions of drop panel for flat slab structures?

(c) A 10-storied office building at Dhaka is to be designed using a flat plate floor system.

The columns are 18" x 18" in size and they are spaceq 20 ft c/c. Using direct design

method, design an interior slab panel and show the reinforcements with neat sketches.

Assume slab thickness 7.5". Specifed LL =80 psf and superimposed DL =60 psf in

addition to self-weight of slab f: = 3.5 ksi and fy = 60 ksi.

CE315

'./
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f
'=3=

(8)

(8)

(30%)

7. (a) Describe briefly the different stages of loading to which a prestressed concrete

member is often subjected. (15)
(b) Compute the value of the live load that the beam of Fig. 4 can carry without

producing crack at the bttom of Sec 1 - 1. Given: fr = 400 psi; n = 7 and Effective

prestress =800 kN.(31 %)

8. (a) Describe briefly the different sources which cause loss of prestress in a prestressed

concrete member.
(b) Compute the loss of prestress in steel at sec 2-2 of Fig. 5 due to elastic ,shortening.

The prestress in steel at transfer is 1000MPa. Given:

Aps = 600 mm2 ; Es= 2 x 105MPa;

Ec = 2.5 x 104MPaand f:i = 30 MPa.

Neglect the self-weight of the beam.

----------------------------------------~-

(15)

(31%)
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Uve load

Parabolic Tendon
(Effective prestress= 800 kN) .Mid span Section

---------

CE 317 for CE (Session-April 2012)

Fig- 4

2 Straight tendon
,300mm I
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L-3/T-2/CE Date: 31/12/2012
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA

I

L-3/T-2 B. Sc. Engineering Examinations 2010-2011

Sub: CE 343 (Geotechnical Engineering II)

Full Marks: 210 Time: 3 Hours

The figures in the margin indicate full marks;

Assume reasonable values of any data, if missing.

USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this section. Answer Q. No.1 and any TWO from the rest.

Q.No. 1 is Compulsory.

1. (COMPULSORY QUESTION). Answer any seven of the following nine short questions.

Answer should be brief and to the point. Preferably all the answers should be given in

sequential order. (7x5 35)
(a) What is negative skin friction? What are the remedial measures for skin friction?

(b) What is the purpose of conducting load test for piling works?

(c) What are the information obtained from a subsoil investigation?

(d) How would you classify soil sample and soil samplers?
(e) Show in aTable the classification of piles considering various criteria.
(f) A pile group consisting of four piles is in a square pattern with equal spacing in both

directions. Find the centre to centre spacing in tenus of the diameter of the piles, if

efficiency of the grpup is 75% as per Converse-Labarre formula.

(g) What are the contents of a good subsoil investigation report?
(h) What are the terms and limiting 'values used to describe the percentage of gravel, sand

and fines ina soil sample?
(i) The inner diameter of a sampling tube and that of a cutting edge are 70 nun and 68
mm respectively; their outer diameter are 72 mm and 74 mm respectively. Determine the

area ratio and inside clearance ratio.

2. (a) Describe briefly the principal considerations of a subsoil investigation Programme. (13)
(b) A 400 mm diameter xIS m long precast concrete pile is driven in the soil stratigraphy

shown in Fig. 1. (22)
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All soil layers are clay. The properties of each clay layer are shown in Fig. 1. The

effective angle of internal friction of all clay layers is 25°. The compressive strength of

the concrete used to manufacture the pile is 35 MPa. Calculate the skin friction capacities

of the pile using a-method, p-method and A-method.

Layer 1 and 2: Normally consolidated, Use k = 1 - sin~

Layer 3: Over consolidated with OCR = 2, Use k = (1 - sil1~).JOCR

AssumeA = 0.21 for an embedment length of 15 m.

3. (a) Describe wit~ a neat 'sketch the wash boring method of soil exploration. What are its

merits and demerits? . (13)
(b) Estimate the allowable load bearing capacity of a precast concrete driven,pile 500 rnm

x 500 mm in section and 17 m long in a stratified soil '~.ith the following data using

Meyerhofs method based on SPT value. (22)
Layer No. Depth (m) Soil Type N-value'

1 0-5 Fill clay 4

2 5 -15 Sand 20

3 15 - 25 . Sand 25

Use a global factor of safety of 3.0. If the settlement of single pile is estimated as 15 rnm,

what would be the settlement of a group of the above pile consisting of 9 piles in a square
pattern with a c/c spacing of 1.5 m?

4. (a) Explain the "Conventional method" and "Meyerhofs effective width concept" for an
eccentrically loaded footing. Draw and explain typical soil pressure - settlement curves

for footings of different widths on surface of a homogeneous sand deposit.

(b) Determine the allowable load on the footing resting on a clay deposit.

Footing size: 2.0 x 3.0 m

Depth affooting: 2 m

Thickness of footing: 0.5 m

Unit weight of soil: 18 kN/m3

qu of soil: 120 kN/m2

Water table: 3.0 m level

Given the following chart:

DtiB 0.5' 1.0 .1 ~3~O~1 4.0 I
_N_c_(s_tr_ip_)~_6_.0~_6_.._Sl~I_~ 7.4, 7.5. i

Contd P13

(13)

(22)
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SECTION-B

There are FOUR questions in this section. Answer any THREE.

Depth 2.5' 5.0' 7.5' 10.0' \ 12:5' I 15.0' 20.0' 25.0'

Neorr 20 22 '21 22 J 23 I 25 25 27
I

5. Using design charts of Fig. 2, determine (35)
(i) Allowable load on a wall footing 2 ft wide resting at 5 ft depth.,
(ii) Allowable load on a 10 ft by 10 ft square footing resting at 7.5 ft depth. Calculate

factor of safety against bearing capacity failure.

Given:
Corrected SPT value for the given site.

Unit weight of soil is 120 pcf
Ground water table' at 10ft below ground level

Thickness of2 ft wide footing == 12"

thickness of square footing = 30"

6. (a) Calculate the settlement of footing resting on a deep deposit of Clay at 8 ftbelow

ground level. (23)

Given: Footing size: 10' x 12'

Dead load: 150k

, k
Live load: 100
Average unit weight of soil = 125 pcf

Cc = 0.16 Cr = 0.03

eo = 0.85 crv max = 6 ksf
Water table is at 20 ft below ground leveL

(b) A raft 100 x 120 ft in plan has its base 16 ft below surface of a clay depo~it with unit
weight of 120 pcf. The unconfined compressive strength of the clay is 0.8 tsf. The factor
of safety against bearing capacity failure is 3. What total weight of building plus

foundation can safely be supported on the raft? Use Nc value from Q. No. 4(b). (12)

7. (a) A pile group consists of 20 piles spaced at 5 ftcentre to centre. The pile group is
subjected to vertical load of 1200 kip at centre and a moment 1000 kip-ft and 600 kip-ft
. in long and short direction, respectively. Draw necessary sketches and calculate load on

piles at four comers. (20)
(b) Calculate the factor of safety of slip circle shown in Fig. 3. The figure is drawn to

scale. Attach the figure with answer script. (15)

8. (a) Draw and explain typical shore protection systems for excavation of 20 ft deep and

100 x 120 ft in plan. (12)
(b) Calculate the factor of safety for slice 1 and 2 shown in Fig. 4. The figure is drawn to

scale. Attach the figure with answer script. (23)
----------------------------------------
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BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY,. DHAKA

L-3/T-2 B. Sc. Engineering Examinations 2010-2011

Sub: WRE 303 (Hydrology)

Full Marks : 210 Time: 3.Hours

The figures in the margin indicate full marks.

USE SEPARATE SCRIPTS FOR EACH SECTION.

SECTION-A

There are FOUR questions in this section. Answer any THREE.

1. (a) Explain why the temperature increases with altitude in the stratosphere. (5)

(b) Discuss in brief the logic behind forming polygons in Thiessen polygon Method. . (5)

(c) Define Trade Wind. Explain why most of the deserts are located in the horse latitudes. . (5)

(d) With a neat sketch show Hadley cell, Polar cell, Westerlies, and belts of high and low

pressures in the Northern Hemisphere.

(e) Calculate precipitable water for surface temperature of 10°C in first 1 km of saturated

atmospheric column if the surface pressure = 101.3 kPa and lapse rate = 6.5 cC/km. Also

compute precipitable water for surface temperature of 25°C in first 1 km of similar

column and calculate the percent increase or decrease from the previously computed.

value. Justify your, calculations. Assume any reasonable value for missing data.

2. (a) Define 'extreme value'. Why Gumbel's distribution is known as extreme value

distribution?

(b) Classify and ~xp1ain streams according to annual hydro graph.

(c) Narrie the forces associated with a falling raindrop. Define terminal velocity.

(d) Maximum recorded precipitation intensities in a catchment for the period 1991 to

2005 are given below:

Year Maximum Precipitation Year Maximum Precipitation
Intensity (in/hour) Intensity (in/hour)

1991 0.5 1999 .5.0
.

1992 3.0 2000 3.8

1993 2.6 2001 3.2

1994 2.8 2002 3.3

1995 2.2 2003 0.7

1996 3.6 2004 1.0

1997 3.4 2005 0.8

1998 4.2

Contd P/2
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(i) Use the Gumbel's extreme value distribution to estimate design precipitation

intensities with return periods of 50 and 100 years. Given, y n = 0.5128 and So = 1.0206

forN = 15.

(ii) Use the IDF curves shown in Fig. 1 to estimate the design durations of precipitation

for return periods of 50 and 100 years.

(iii) Compute the design depths of rainfall for return periods of 50 and 100 years.

(iv) Compute the 900/0 confidence limits for return periods of 50 and 100 years for

precipitation intensity. Given, fCc)= 1.645 for c = 90%.

\.

3. (a) Differentiate between condensation nuclei and freezing nuclei. (5)

(b) Define residence time. Give a qualitative comparison between atmospheric moisture

and water in the rivers in terms of residence time. (5)

(c) Explain why the actual vapor pressure is taken equal to saturation vapor pressure at

,dew point temperature.

(d) Explain in brief the possible flow paths of infiltrated'water.

(e) In a 140-min storm, the following intensities of rainfall were observed in successive

20-min intervals: 3.3,3.6,9.0,6.6,0.6,0.9 and 6.0 cm/hour. Assume the ~-index value as

3.0 cm/hour, compute,

(i) total volume of runoff, (ii) total volume of infiltration, and (iii) time of rainfall excess .

.The catchment area is 2 km 2.

(5)

(5)

(15)

(15)

4. (a) Explain in brief the rainfall-runoff corre,lation method in computing annual runoff

volume. (5)

(b) Define return period. 'The exceedence probability for a flood with a 100-year return

period is 0.01' - explain the sentence above in brief. (5)

(c) Define time of concentration. How is it related to peak discharge from a catchment area? (5)

(d) Write down the factors that affect the infiltration capacity and explain in brief. (5)

(e) Consider a catchment with longitudinal slope = 0.005, area = 2 km2 and runoff

coefficient = 0.1 .. The peak discharge is computed to be 4.2 m3 Is. Compute the

corresponding intensity of rainfall, time of concentration for the catchment and maximum

length of travel of water for a return period of 100 years. Use Rational Method, IDE

curves, (Fig. 1) and Kirpich formula for your estimation.

Contd P/3
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SECTION -B

There are FOUR questions in this section. Answer any THREE.

5. (a) Write short notes on (i) sounding weight (ii) echo-depth recorder (iii) flow measuring

structures.
(b) Explain how a current meter is calibrated. Describe the unsteady flow effect on rating

curve.
(c) A 320 gil solution of Rhodamine dye was discharged into a stream at a constant rate

of 40 lis. The background concentration of that dye in the stream water was found to be

15 ppm. The average width, depth and Chezy's coefficient of that stream are 250 m, 8 m

and 22 m1/2/s respectively. (i) Determine the safe mixing length of the stream. (ii)If the

equilibrium dye concentration at a downstream section is 36 ppm, estimate the discharge

in the stream.
(d) The stream discharges for various stages at a particular section were observed to be as

follows. Obtain the rating curve equation and determine the discharge for a stage of 6.5 m.

Stage (m) 1.8 2.0 2.3 2.9 3.7 4.5 5.4 6.1 7.3 7.7 8.1

Discharge (cumec) 1.0 1.5 2.5 5.6 11.7 20.2 32.5 44.5 70.0 80.0 90.0

6. (a) Mention the importance of telemetry system in hydrological data acquisition. Write

down the operational uses of satellite data in estimating precipitation and land uselland cover.

(b) List the factors, which affect the shape of flood hydro graph. Discuss the role of these

factors.
(c) The characteristics of two meteorologically similar catchments P and Q are as

follows. For catchment P: L = 318km, Lea = 198 km, A = 4480 km
2
. For catchment Q:

L = 284 km, Lea = 184 km, A = 3780 krti2. The following are the ordinates of 9 hour unit

hydro graph of catchment P.

Time hr) 0 9 18 27 36 45 54 72 90

Discharge (cumec) 0 69 1000 210 118 74 46 13 0

Using Snyder's method, develop a 9 hour unit hydrograph for catchment Q and plot the

hydrograph.

(6)

(3+6)

(4+4)

(12)

(4+6)

(10)

(15)

7.. (a) Explain the use, limitation and duration of unit hydro graph. (10)
(b) Describe the procedure of deriving D-hour unit hydro graph for a catchment. (10)
(c) The ordinates of a 4 hour unit hydro graph for a particular basin are given below.

Determine the ordinates of S-curve hydro graph and there from the ordinates of 6 hour

unit hydro graph (with necessary corrections). (15)
Time (hr) 0 2 4 6 8 10 12 16 18 20 24 26 30
Discharge 0 25 100 160 190 170 110 60 30 20 8 4 0

(cumec)

Contd P/4
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8. (a) Define and also explain the importance of channel routing and reservoir routing? (8)

(b) Describe the procedure of hydrologic storage routing. (12)
(c) The inflow hydro graph for a stream reach are given below for which the Muskingum

coefficients ofK == 36 hr and x = 0.15. At thebeginning of the flood, the value of outflow

is same as inflow. Route the flood through the reach and determine the outflow

hydrograph. AJso determine the value of attenuation and lag. (15)

Time (hr) 0 12 24 36 48 60 72 84 96 108 120 132 144

Discharge 42 45 88 272 .J43' 288 240 198 162 133 85 60 50
(cumec) :?f.f2-

Rcwrn
period

-2

-100 "ears
-50 -
-25

-10
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2. (a) Describe briefly the principal considerations of a subsoil investigation Programme. (13)
(b) A 400 mm diameter x 15 m long precast concrete pile is driven in the soil stratigraphy

shown in Fig. 1. . (22)
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All soil layers are clay. The properties of each clay layer are shown in Fig. 1. The

effective angle of internal friction of all clay layers is 25°. The compressive strength of

the concrete used to manufacture the pile is 35 MPa. Calculate the skin friction capacities

of the pile using a-method, f3-~ethod and A~method.

Layer 1 and 2: Normally consolidated, Use k = 1 - sin~

Layer 3: Over consolidated with OCR = 2, Use k = (1 ~ sin~).JOCR

Assume A = 0.21 for an embedment length of 15 m.

3. (a) Describe with a neat sketch the wash boring method of soil exploration. What are its,

merits and demerits? (13)
(b) Estimate the allowable load bearing capacity of a precast concrete driven pile 500 mm

x 500 mm in section and 17 m long in a stratified soil v,'ith the following data using

Meyerhofs method based on SPT value. . (22)
Layer No. Depth (m) Soil Type N-value

~-.
0'-5 Fill clay 4
5 -- 15

l
Sand i 20

L 3 15 - 25 . Sand r 25

, Use a globl:ll factor of safety of 3.0. If the settlement of single pile is estimated as 15 mm,

what would be the settlement of a group of the above pile consisting of 9 piles in a square
pattern witha clc spacing of 1.5 m?

4. (a) Explain the "Conventional method" and "Meyerhofs effective width concept" for an

eccentrically loaded footing. Draw and explain typical soil pressure - settlement curves

for footings of different widths on surface of a homogeneous sand deposit. (13)

(b) Determine the allowable load on the footing resting on a clay deposit. (22)
Footing size: 2.0 x 3.0 m

Depth of footing: 2 m

Thickness of footing: 0.5 m

Unit weight of soil: 18 kN/m3

f '1 120 kN"/m2qu 0 SOl:

Water table: . 3.0 m level

Given the following chart:
-

DtiB 0.5

Nc (strip) 6.0

1.0

6.5

2.0
7.0

3.0

7.4

---,
4.0

7.5

Contd P/3
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SECTION-B

Then~ are FOUR questions in this section. Answer any THREE.

5. Using design charts of Fig. 2, determine . (35)
(i) Allowable load on a wall footing 2 ft wide resting at 5 ft depth.
(ii) Allowable load on alO ft by 10ft square footing resting at 7.5 [t depth. Calculate

factor of safety against bearing capacity failure.

Given:
Corrected SPT value for the given site.

Depth 2.5' 5.0' 7.5' 10.0' 12.5' I 15.0' 20.0' 25,0'

NCorr 20 22 21 22 23 I 25 25 27
I

Unit weight of soil is 120 pcf
Ground water table at 10ft below ground level

Thickness of 2 ft wide footing :;= 12"

thickness of square footing = 30"

6. (a) Calculate the settlement of footing resting on a deep deposit of clay at 8 ft below

ground level. (23)
Footing size: 10' x 12'

- - k
Dead load: 150

Live 10(id: lOOk

Average unit weight of soil = 125 pcf

Cc =0.16 Cr = 0.03

eo = 0.85 crv max = 6 ksf

Water table is at 20 ft below ground level.
(b) A raft 100 x 120 ft in plan has its base 16 ft below surface of a clay deposit with unit
weight of 120 pcf. Theunconfined cQmpressivestrength of the clay is 0.8 tsf. The factor
of safety against bearing capacity failure is 3. What total 'weight of building plus

foundation can safely be supported on the raft ?Use Nc value from Q. No. 4(b). (12)

7. (a) A pile group consists of 20 piles spaced at 5 ft centre to centre. The pile group is
subjected to vertical load of 1200 kip at centre and a moment 1000 kip-ft and 600 kip-ft
in long and short direction, respectively. Draw necessary sketches and calculate 10l;ldon

piles at four corners. (20)
(b) Calculate the factor of safety of slip circle shown in Fig. 3. The figure is drawn to

scale. Attach the figure with answer script. (15)

8. (a) Draw and explain typical shore protection systems for excavation of 20 ft deep and

100 x 120 ft in plan. (12)
(b) Calculate the factor of safety for slice 1 and 2 shown in Fig. 4. The figure is drawn to

scale. Attach the figure with answer script. (23)
--------------------------~-------------
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