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

Assume any reasonable value, if missing.

1. (a) By using the trapezoidal rule of numerical integration, compute the discharge per
unit width, the mean velocity for the following velocity measurements (u is the
velocity at a distance d from the channel bottom) along a vertical in a wide channel,

when the total depth is 8.0m.

d(m) [00 [045 [1.00 [2.05 390 |475 [610 |[7.15 |8.00

u(m/s) |00 |0.68 138 |2.27 3.14 1379 196 |[166 |1.02

(b) Compute and compare the geometric properties of the (i) trapezoidal and
(i1} triangular channel. Given (i) b=2.75m, y= 1. 42mand z =2, (i) y =345 m
and z = 3. |

(c) Compute the values of the distribution coefficients o and B for the velocity

distribution u =3.0+4.0£(m/s) along a vertical in a wide channel when the
Y

depth of flow in the channel is 2.0m.
(d) Define: (i) Non prismatic channel, (ii) Stage, and (ii) Mobile boundary channel.

(e) Show that the total pressure head can be expressed as

VZ
Total pressure head = y[l + l—J
g r

2. (a) Prove that at minimum specific energy the critical flow occurs.

(b) Find the critical depth for rectangular channel.

(¢) Water 1s flowing at a velocity of 1.20m/s and a depth of 1.50m in a long
rectangular channel 2.50m wide. Compute (a) the height of a smooth upward step
in the channel bed to produce critical flow, and (ii) the depth and change in water
level produced by (i) a smooth upward step of 0.15m, and (ii} a smooth upward
step of 0.75m. In all cases, neglect energy losses and take o =1.05.

(d) A trapezoidal channel is given with b = 5.0m, z = 2 and Q = 14.0 m¥s. Calculate
the criticall depth and velocity by Newton-Raphson method. Given o =1.00.

(10)

(12)
®)

(18)

(12)
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3.

(a)

(b)

(€)
(d)

(e)

(a)
(b)
(©

(d)

(e)

(2)

(b)
(©

The values of initial depth and sequent depth in connection with a hydraulic jump
in a horizontal rectangular channel are 0.22m and 2.96m respectively. Compute the

values of V| (m/s), V2 (m/s), q (m?/s), Fr1, Fra and h.

Derive the relationship for efficiency of a hydraulic jump.

£ (1+852) —4r2 41

£ 8F,; (2 +F )

Define: (1) Dentated sill, and (ii) Stilling basing.

A horizontal trapezoidal channel is 6.0m wide and z = 2 carries a discharge of
80m?/s. If the upstream depth of flow is 0.8m compute the downstream depth that
will create a hydraulic jﬁmp in the channel.

A bridge has four piers with semicircular noses and tails, each 12m long and 3m
wide. During a flood peak of 1200 m?/s, the total width of the stream was 120m
and the average depth in a downstream section was 5.9m. Estimate the afflux.
Show that the best hydraulic rectangular channel section is one half of a square.
What are the advantages of putting lining in an open channel?

A lined channel with n = 0.025 is to be laid on a slope of 1 in 1200. The side slope
of the channel is td be maintained at 2.0H: 1.0V. Determine the section dimensions
of a practical triangular section with rounded corners to carry a discharge of
35.0m*/s. The maximum permissible velocity is 2.0m/s.

Using the Lacey method, design a stable alluvial channel when dso= 0.6mm and Q
= 10.0m>/s.

The shear stress ratio K in the design by ‘Tractive Force Method” can be expressed

by side angle of the channel (¢) and angle of repose (V) of the soil-prove.

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

The symbols and notations have their usual meanings
Assume reasonable value of any data, if required

Define uniform flow. “Uniform flow can be steady only”—explain. Briefly describe
spatially varied flow with relevant examples and figures.
Derive the Chezy formula with necessary assumption(s).

Briefly explain the factors affecting Manning roughness coefficient.

(d) A channel consists of a main section and two side sections with respective

roughness, energy and momentum coefficients as shown in Figure 1. Compute the

total discharge and the mean velocity of flow for the entire section if the bed slope

15 0.0002. Also compute the numerical values of n, o and B for the entire section.

(12)

2
(103)

(6)
(12)

(6)
(8)
(6)

(12)

(12)

[
p—

(12)

¥
(10)

2
(163)
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6. (a) Under what circumstances the slope-area method can be used to compute flood
discharge. Mention the salient features to be considered during selection of a

suitable channel reach to apply this method. (10)
(b) Compute the flood discharge through a river reach 1000 m long having a fall in

. 2
water surface of 0.85m. Neglect the eddy loss. Use the following data: (203)
Section A{m?) P(m) n o
Upstream 12000 2150 0.03 1.15
Downstream 10500 2050 0.03 1.18

(c) A rectangular channel is 6 m wide and laid on a slope of 0.25%. The channel is
made of concrete (ks = 1 mm) and carries water at a depth of 0.50 m. Determine
the mean velocity, discharge and the state of flow. Also computer the velocity
along a vertical at a depth of 0.20m from the water surface. Given that the von

Karman constant is 0.40. : (16)

7.  (a) Derive the equation: (12)

1]
dh h

S [,
dx o
h

where the notations have their usual meanings.
| (b) Deduce the expression for the length of the flow profile between two sections in a

wide channel by Bresse method. Consider that the conveyance is expressed in

terms of the Chezy formula. (10)
{¢) What data or information are generally required in computing a flow profile? 4)
(d) A trapezoidal channel with bottom width of 5m, side slope = 1V: 2H, Manning

roughness coefficient = 0.020 and bottom slope = 0.002 carries a discharge of

48.67m*/s. A dam constructed across the channel raises the water level to a depth

of 5 m just upstream of it. Show the resulting flow profile if he = 1.69 m and h, =

2.02m. How far upstream or downstream from the dam will the depth be 4.90 m.

Apply the direct step method. Assume uniform velocity distribution and neglect

: 2
eddy loss. _ (205 )
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8. (a) Draw the possible flow profile (s) in the following serial arrangements of channels:

(i) Steep-Mild-Critical
(i1} Critical-Horizontal-Steep
(ii1) Steep-Critical-Mild
(iv) Mild-Steep

(b) Explain the theoretical behavior of flow profile when the depth approaches:

(1) normal depth and (1i) critical depth.
(c) Derive the expression to compute normal depth for a triangular channel.
(d) For a trapezoidal channel with bottom width of 6m, side slope of 1V:2H and

longitudinal slope of 0.001 carries a discharge of 14 m’/s. Compute the normal

depth by the method of Bisection for n=0.025.

- g
= f
0045 - n=0.04 b 5
o=LI5, B=10S L L -~ o=1.15, p=1.05 '
§m

.-ii:k_1mn—%e——2mn—mw%ﬁ15mﬁ»

~ Figure 1 for Questlon 5(d)

(16)

(10)

(10)

2
(103)
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USE SEPARATE SCRIPTS FOR EACH SECTION

~ SECTION - A

There are SEVEN questions in this section. Answer any FIVE.

1. For the plate girder bridge as shown in Figure 1, draw influence lines for all floor beam
reactions (FBRp, FBR(, FBRg, FBRf and FBRy;), main girder reactions (Rg and Rp),

shear in panel 'CE' (V¢g) and moment at ‘D' (Mp) for the plate girder. Unit load moves
over the stringer from 'A' to 'H". (28)

: : ' infernal
stringer /+floor beam _9”.5_30” AL'/ hinge
b I piate Qirder I -G I

: j A
| - L ‘
1 .

AR

LG
o

! | |
s 1 10/ s s T 1
| .

Figure 1

. For the suspension bridge (having a stiffening girder of self-weight = 2 kip/ft), as shown

in Figure 2; Determine the followings— (28)

(1) horizontal component of cable tension (H), (i) maximum cable tension { Tmaximum), (1i1)

support reactions at 'L’ and 'R', (iv) uniform load on the cable (wy), (v) hanger tensile

force (F), and (vi) draw shear force and bending moment diagram for the left portion 'LI'

of stiffening girder.

.

~—

10@15 ft = 150 ft

—_——
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3. For the mill-bent, laterally loaded as shown in Figure 3, determine all reaction
components at supports ‘A’ and 'C'. Also, draw axial force, shear force and bending

moment diagram for the left column 'AB'. What will be the axial force in truss member

JK'?

7 U

pkip/tt | 6 6
—
> /
—> 12
3 . .
> l o '
Wm g 1 I

At———— 6@6=3¢ ——F
Figure 3

4. For the braced truss loaded as shown in Figure 4, determine—
(1) Member forces in diagonals CF and DE (mid-panel) assuming that diagonals can

carry tensile force only.

(ii) Member forces in diagonals EH & GF (top-panel) assuming that both diagonals

can carry tension as well as compression.

2 feet —  |«—

134P__ - H
T ~
6 feet > top panel
12ke __E F 4 2 ;
6 feet - Mid-panel
114 < D+ =
| 6 feet \L bottom panel
A B 4+ -
l3 feet —|  Je— .—~> |€A— 3 feet

t———— 18 feest ——+ - ' |

Figure 4 B ' I Contd .......... P/3

(28)

(28)
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5. for the bridge truss as shown in Figure 5, check whether counter diagonal is needed or
not for panel '4". If needed, determine the force in counter diagonal 'L;Uy’. What will be
the force is main diagonal 'L4U;'? Given, truss self-weight = 0.75 kip/ft., vehicle load =
1.25 kip/ft. and roving concentrated load = 18 kip. Unit load moves over the top chord

(from Lo to Lg). (28)

——

— . 8@15=120/

| . 7t

| : . panel 4 Figure 5

6. For the plane frame as shown in Figure 6, draw influence lines for
- vertical reactions at 'F' and 'G’
- axial force in member 'BF'
- shear and moment at 'C’
- shear just right of 'D'
- moment just left of 'B'

Unit load moves over the horizontal member 'ABCDE' (i.e, from 'A' to 'E")

! ——
! g
| |
12/
- e —'--‘..%Mrﬁ - G B ;w ——
| 100 —4 10 10— ;
| "~ - Figure6 i

7. A three-hinged parabolic arch having supports at different elevation carries a unriformly
distributed load of 2 kip/horizontal foot on it's right segment 'CB' as shown in Figure 7.

Determine the following: (28)
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Contd..... Q. No. 7

10.

11.

12.

13.

14,

(i) horizontal thrust (H) at supports, (ii) vertical support reactions at 'A' and 'B', (iii) Draw
bending moment diagram of the arch and (iv) maximum bending moment and it's

location.

2 lc1p/horlzontal foot . i

h‘“gw [

Figure 7 | . '

SECTION - B

There are SEVEN questions in this section. Answer any FIVE.

Calculate the vertical distribution of earthquake forces at each level of a 30 m high 10
storied hospital building located in Dhaka. Given, structural system is IMRF, each storey
height is 3 m, soil type is §2. Plan dimension is 30 m x 30 m.

Given,

Dead load = 4 kN/m?, partition wall load = 6 AN/m” for each floor.

7. =0.15 for Dhaka, [ = 1.25,R=8, (,=0.073 and S=1.2,

Using the method of virtual work, find vertical deflection at C of the frame shown in Fig.
8. Consider that deflection of each member of the frame is primarily caused by the axial

and bending strain energy. Given that E = 29000 ksi, A = 30 in? and I = 700 in".

Using portal method, draw the bending moment diagrams of the beams of the frame

shown in Fig. 9.

Draw the shear force and bending moment diagrams for the building frame loaded as

shown in Fig. 10.

Due to the wheel loads shown in Fig. 11, compute the absolute maximum bending

moment for a simply supported beam having a span of 80 ft.

Due to the wheel loads shown in Fig. 11, calculate the maximum live load shear at the

quarter point of a simply supported beam of 100-ft deck span.

Due to a moving uniform load of 5 k/ft combined with a moving concentrated load of 60
kips, calculate the maximum shear force just right of support D and maximum bending

moment at C of the beam shown in Fig. 12.

(28)

(28)

(28)

(28)

(28)

(28)

(28)



y5"
—
C, " 10%
E = 29,000 ksi
I=700in* - - §qy

A =30in?

: -Fig..\': rat e P\ '

5K —p T
10/

10k — T
1 2/

T T ozl

Fig. . Cf

1.5 k/ft
A i e e (N R —+
10/
2.0 k/t
0 Gl S . e -
| o 10 |
2.0kt R |
i e o e et e A RVl | o

T V77l
Ve 8/ 12/ 12/ [
Fig | O ;
o 16416 s 10"_ s s
iy |
o 00O O @) o
; 8 ;4’: 10f: 26/ E 4 : 26' : !
; Fige 1]
A B C . D ~
A £ 2
_l & 4 & I H ‘ 8 g { !
.l Fig..™
| . 2 /




K

e o T

parahola

in', o m’
L
3 R 2
'—m(m| + mZ)L =mmi' L
20 : 3
"1— 1+ 2m3)L —mm'l
mlimy + 2my)L, 17l

_%m'(m|'+ ma)L

1 .
EH!'(;H[ + 2m) L

1
-6-[m'|(2m1 + ;)

+ m'z(m. + 2m;_)]L

-1—2 {m'(3my + 5ma) )L

- lmm'b lmm‘(L + a) -l-m[mi(l_. +8) + -l—-m'm' 3+ da_ i,)l.
2 6 6 1? L 2
ln-z(Lr + ﬂ)) )
Ly - Ln(2ms; + ma)L
5 ma L 6mm 6.wrl[...rm mz)_

—mm’ L.

“‘wf\ |

~

*

102 37



L-3/T-1/WRE Date : 29/10/2019

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-3/T-1 B. Sc. Engineering Examinations 2018-2019

sub: CE 323 (Design of Concrete Structures 1)
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) A cantilever one-way slab (span = 10.0 ft) has to carry a service live load is 40 psf,

superimposed dead load of 30 psf in addition to its self-weight. Design the slab and show

the reinforcement with neat sketches. - , (13)
Given f, = 4ksi, fy = 60 ksi.

(b) Design the one-way slab panel "S1" as shown in Fig. 1. The slab carries a uniform

live load of 40 psf and superimposed dead load of 40 psf in addition to its self-weight.

Draw the reinforcement details also. Use Fig. 2 for calculation. (22)

Given f, = 4ksi, f, = 60 ksi.

2. (a) Design the two-way slab panel "S1" as shown in Fig. 3. The slab carries a uniform
live load of 40 psf and a super-imposed dead load (floor finish and partition wall) of 80

psfin addition to it's self-weight. Draw the reinforcement details also. Use Table 1, 2, and

3 for calculation. Given f = 3ksi, f, = 60 ksi. 27)

(b) Why hooks are provided in the reinforcing bars? Draw the standard hook dimensions

according to ACI code. | (8)
3. (a) Explain, with examples, the difference between primary and secondary torsion. (5)

(b) The 24ft span beam shown in Fig. 4 carries a monolithic slab cantilevering 7 ft past
the beam centerline. The resulting L beam supports a live load of 1.5 k/ft along the beam
centerline and uniformly distributed 30 psf of live load and 20 psf of superimposed dead
load over the slab. The effective depth to the flexural steel centroid is 21.5 in, and the

distance from the beam surfaces to the centroid of stirrup steel is 1.75 inch. Material

strengths are f, = 3.5ksi, f, = 60 ksi. (30)

(1) Check whether torsional reinforcement is required or not.

(i) Check whether the beam section is adequate to satify the limiting criteria for
combined shear and torsional stresses as per ACI Code?

(1ii) Calculate the required spacing of the #4 stirrups for the torsion and shear values at a
distance d from the column face. |

(iv) Also calculate the longitudinal reinforcement for torsion at distance d from the

column face.
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4. (a) The beam shown in Fig. 5 cantilevers from a supporting column at the left, Flexural
reinforcement consists of two #11 bars at a 21 in effective depth. Transverse #3 stirrups

with 1.5 in cover are provided at 4 inch spacing from the face of the column. Material

strengths are f. = 3ksi, f, = 60 ksi. The beam uses normal weight concrete. (20)

(i) Check to see if proper development length can be provided for the #11 bars. Use the

simplified development length equations.

(ii) Check to see if adequate embedment can be provided within the column for the
hooked # 11 bars.

(b) Fig. 6 shows the column reinforcement for a 16 in. diameter concrete columm.
Analysis of the building frame indicates a required A, = 7.30 in? in the lower column and
5.80 in” in the upper column, Spiral reinforcement consists of #3 bars with a 2 in pitch.
Column bars are to be spliced just above the construction joint at the floor level, as

shown in the sketch. Calculate the minimum permitted length of splice. Given, f,= Sksi,

f, = 60 ksi. (15)

SECTION - B

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

Symbols carry their usual meaning. Assume any reasonable value for missing data (if any)

5. (a) Why is concrete cov'er over rebar important? What are the recommended values of
'cover’ for RC beam and ;slab as per ACI code? (5)
(b) What are the sources of uncertainties in analysis, design and construction of RC
structures? ()
(¢c) Figure 7 shows the simple floor plan, beams 12 in wide and 20 in. deep are spanning
30 ft. The beams are located 9 ft center to center. A 5-in thick spans from beam to beam,
The floor structure will be used in a general office building, thus the minimum uniformly
distributed live load is S0Ib/ft. Assume 20 psf for the superimposed dead load for the
partitions, mechanical and electrical systems, and so on. (10+15)
(i) Calculate the dead and live loads that one interior beam has to carry.
(i1) If the end of the rectangular beams [b = 12" and h = 20"] is simply supported and is
reinforced with 3 # 8 bars with a cover of 3 in. at the bottom, determine the stresses

caused by the design load as determined from (i). Given, fi= dksi, fy = 60 ksi, and

f, =475 psi.
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12in.  Seclion A-A

Figure ?’ E

6. (a) Determine effective flange width, b, and design moment capacity, ®M, for the T-

section [A-A] as shown in Figure 8. Given, f; = 4ksi, f, = 60 ksi, (3+12=15)
; — : —

- .
2 N 8 bars— . —

16 No. 7 burs| ~
. : .

R {2 . Iaﬂ.sin
10h 12 In. ) i

;:::::j;|:;:::::::;:::-:::::::::;;:;;:::::::_::i;}::::: +. '. - Sec.tion A-A

Figure g I .

(b) Compute the positive moment strength, @M, for the beam section shown in Figure 9.

Given, f, = 3ksi, f, = 60 ksi. (20)
S I I R I P
245 ;n.
28 in,
J-*—- ® %% 5N Bbars

'8 @8 | A = drdin?

' 10in.

| _Figure *9

7. (a) Describe with neat sketches diagonal tension cracking in a reinforced concrete beam. (6)

(b) Design the shear reinforcement and show the spacing in a neat sketch for the simple
supported beam with a span of 30 ft loaded as shown in Figure 10. The beam carries

unfactored dead load, D = 1.3 kips/ft and unfactored live load, L = 1.6 kips/ft. Given, f

= 3ksi, f, = 60 ksi. (22)
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D = 1.3 ¥ipsii I

L =16kpsit T ‘ Th=sm ..
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(c) What is the purpose of providing minimum amount of flexural steel in a RC beam?

Write AC/BNBC code provisions for minimum reinforcement ratios. (7)
8. (a) A rectangular beam of width b = 12” is limited by architectural consideration to a

maximum depth h = 20”. It must carry a total factored load moment. M, = 380 kip-ft.

Design the flexural reinforcement for this member, using compression steel, if necessary.

Allow 3 inch to the center of the bars from the compression or tension face of the beam.

Show a sketch of your final design. Given, f. = 3ksi, and f, = 60 ksi. (20)

(b) Determine the design moment capacity of the beam shown in Figure 11. Given, f, =

3ksi and f, = 60 ksi, . (15)
‘ C d:E%m r
N Ll I
) » . 1,

. 289 !
: (2.00in3) o
‘ 27
R S| My
a8l
(625 in3)
c e . 0 L
Jin. .
‘ PN ;
‘ Figure i - |

Codd— V/5
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" Table 2: Co-efficients for Dead 1.oad Positive AMloments in Slabs

M, ize =CopmermeWar Bl Moo =Cop w30 Where w, = total uniform dead load
Rabo Cazel Caze2 Caze 3 - Case 4 Case & Casz § Caze7 - Casze8 . Cazz &
L, Co-effident pecscsccccny _ . ) o
r s A W | T N e D
1.00 Ci foositivs 0.036 0018 0018 0.027 0.027 0.033 0027 .02 (4.023
) Co foitig 0.036 0018 0.027 0.027 ooels 0.027 (.033 0023 0.02
d 95 Catmsins 0.040 - 0.02 0021 003 p.o28 0_7036 0031 0022 0024
] Chipoonitive) 0.033 0016 0.025 0.024 0015 0.024. 0031 0021 0017
0.90 Coposnivg 0045 0022 0025 {.033 0.029 0.039 0.035 00235 0.026
N Chsomsitivs) 0029 0014 (024 0.022 0.013 0.021 0.028 0019 0.015
0.85 Casponitivsy 0.030 0.024 0020 0.036 0,031 | 0042 004 0.029 - 0028
’ Crtaitics) 0.026 00t2 0022 0019 0011 0.017 0.023 0017 0013
0.80 Cotomsitivs . 0.056 0026 0.Q34 0.039 {.032 0.043 0043 0032 0029
Co omsiien) 0023 001 0.02. - 0.016 0.000 0.015 04622 0015 - 001
: 0.75 Cos goaatricn 0061 0028 0.04 0.043 ~ 0033 (.048 0051 0036 0.031
Cotpms . 0019 0.009 0018 g.013 0.007 0.012 0.02 . 0.013 {.007
0.70 - Ciigosnivg £.068 0.03 0.046 {.046 0.035 0.051 0.058 0.04 0.033
Cr tomsitiesy 0.016 0.007 0016 AGS! . 0005 0.0069 {4017 0011 0.006
0.65 Cormitid 0.074 0.032 - 0.054 005 0.036 0.034 0.065 0044 0034
Chomitive 4013 0.006 0014 0009 {.004 0.007 0014 “0.009 0005
0.60 C 2 eposiivs . 0081 4.034 0062 0.053 0.037 0.056 0073 0.048 0036
) Cr gpeeitiv 0.010 0.004 0011 0.007 0.003 0.006 0012 0007 0.004
0.55 C aropsitvs 0.088 0035 0071 0.056 0.038 0.058 0.081 aes2 0.037
. Cospoxities; 0.008 0.003 0.009 0.003 0.002 0.004 0009 0.005 0.003
0.50 Ca ronsiy 0.095 - 0037 (08 0.059 0.030 0.061 0.089 00356 0038
) Coposiien) 0.006 0.002 Q007 0.004- 0.001 0.003 0.007 0.004 0.002

*A crosshaiched edge ndicates thatihe slab condnvzs acose orisfoed &f the suppord; an unmarked edge indicsies 3 support 2t which torgimad regilence e negigble,

Table 3. Co-efficients for Live Load Positive M oments in Slabs

Mo =Cppnm g 8T My e =G oW B where we, = fotal uniform live [oad 7
© Ratio : Cazel Case?2 Case 3 Case 4 Caz 5. Cass 6 Cas=7 Case 8 Cazz 9
L, Co-efficient ; . . ) |
L, [ 1 )] I I I
Cotoositien 0036 0027 0027 | 0.032 0032 (035 0032 0.028 0.03
1.0 Co toositive) 0036 0027 0.032 0.032 0.027 0.032 0.035 0.03 0028
. Caspositivy 0040 0.03 0031 0.035 0.034 0.038 . 0.036 {.031 0032
0.95 Chipoitivn 0033 0025 0029 0.029 0.024 0.029 0032 0.027 - 0025
0.00 Ctpostiivd - 0043 0034 . 0035 0.039 0037 0.042 004 0033 0036
” Coniticny 0029 0.022 0.027 0.026 0.021 0.0235 £4.029 0.024 0022
' . 0.85 C-L@_o-,gh-;;. 04050 0037 0.04 0.043 0.041 0.046 0.043 004 0.039
! ’ Conasitvs 0026 0019 0024 0.023 - 0.019 0.022 0026 0022 0.02
: Cosoosiries 0036 0041 0.045 0.048 0.044 0.051 0.051 - 0044 0.042
I 0.50 Chromiig £¢.023 0.017 04022 002 . 0.016 0.019 0023 0019 - 0.017
'l 0.75 Ce sty . 0061 0.043 0051 0.052 £.047 0.055 0056 0049 - {.046
’ Coroxitivsy 0.01% 0014 0019 ¢.016 £.013 g016 - 002 © 0016 0.013
) Catoositivd 0.068 0.049 0.057 “0.057 0.051 .06 0.063 0054 0.05
| O Cupmirs 0016 0012 0016 0.014 0.011 0.013 0017 0.014 001t
. Cippuiig 0074 0.0533 0.064 0.662 0.035 0.064 0.07 0059 0.034
0'6? Comaiticsy 0013 0.0t 004 40611 .000 0601 0014 0.011 0000
Crrsosams 0.051 0.038 0071 {4.067 0.059 0.068 0077 0.065 0039
0.60 cbmgh.i;, 0.010 0.007 0011 {.00% 0.007 6.008 0011 0.000 0007
0.55 CL@;E;@ ¢.088 0.0682 .08 0.072 | 0.063 0.073 0.085 Q7 - 0063
o Copesitiv) 0008 0006 0.009 0.007 0.005 0.006 0.008 0007 0006
0.50 C cjoosiive _ 0095 0.066 0088 0.077 - 0.067 e078 0.002 0.076 0067
o Co spmitivn) 0006 0004 4007 0.003 0.004 0.005 0007 0.005 0.004
A cosshaiched edgz mdicsize thaithe oish coatnuzs acoss oris fhad  the suppon; an vamarkad edgs ndicaizs 2 suppod 21 which iorsiond resisiance is negfolle.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A

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

Assume reasonable Value of missing data, if any. Use attached Charts where necessary.

1. (a) Explain he following with neat sketches/expressions: (21)
(1) Degree of roundness of coarse grained soil
(i) Field identification of fine grained soil
(1i1) Basic structural units of clay minerals.
(b) (i) Write and explain the following expressions for hydrometer analysis. (6+6)
- Diameter of soil particles (D)
- % Finer than size (D)
(i1) Explain the corrections needed for hydrometer analysis.

{c) The natural inorganic soil along a proposed highway alignment have the following
grain size distributions: (13 —j—)

Passing # 4 size = 93%

Passing # 10 size = 74%

Passing # 40 size = 32%

Passing # 100 size = 17%

Passing # 200 size = 10%

The soil has Liquid Limit of 51 and a plastic Limit of 25. Classify the soil according to

AASHTO soil classification system and rate its suitability for pavement support.

2. (a) Explain the following with necessary figures/expressions: (18)
(1) Plasticity Chart
(11) Flow curve
(i11) Linear Shrinkage
(b) For the soil mentioned in Q 1(c), find the shrinkage limit. (12)

(c) Classify the inorganic soil from Q 1(c), using the Unified Soil Classification System. (16 %)

3. (a) Explain the following with necessary figures or expressions: (18)
(i) Newmarlis Chart for stress estimation for uniformly loaded area of any shape
(ii) Surface Tension '

(111) Critical Hydraulic Gradient
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(b) A foundation trench is to be excavated in a stratum of clay, 6m thick underlain by a
bed of sand. In a trial borehole, the ground water table is found to be at a depth of 1m
from the ground surface. Find the depth to which excavation can be safely carried out
without the danger of the bottom becoming unstable under the uplift pressure of ground
water. The saturated unit weight of the clay is 19.62 kN/m?>. If excavation is to be carried

out safely to a depth of 5m, how much should the water table be lowered in the vicinity
of the trench? “ (14)

(c) A rectangular foundation 6.5m x 3.5m carries a uniform pressure of 175 kPa near the

surface of soil mass. Determine the vertical stress at a depth of 2.75m below a point on

the center line and 1.75m outside a long edge of the foundation. | (142)

4. (a) For Loose and Dense sand, draw neat sketches of stress versus strain curves. Also

explain the relation between normal stress and shear stress. | (14)
(b) Derive ¢ and 8 for Mohr-Coulomb Model. bo5)

(¢) An embankment is shown in Figure 1. Determine the stress increase under the

embankment at points X and Y. (1 7% )
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SECTION - B

There are FOUR questions in this section. Answer any THREE.
Symbols indicate their usual meaning.

5. (a) Using phase diagram, derive S.e = w G. In the diagram, total volume of void (V,) is
the sum of volumes of air (V,) and water (V,,), Dry unit weight of the soil sample is
determined at 6 points, by changing V,, from V,, =0 state to V, = V, state. In doing so,
no compaction is applied on the soil sample. Show graphically, the variation of dry unit
weight with the moisture content (w). (10+5)
(b) Briefly describe the methods of laboratory determination of dry maximum and
minimum densities of a granular soil. State the factors controlling the magnitude of
Yd(max)- (10+5)
(c) What are the three most common clay minerals? Which one usually causes the most
problems for geotechnical engineers? Why? Also, state which one is the stable clay
mineral? Why it is so?
In a particular locality, it is commonly observed that small structures such as, boundary
wall and one-or two-storied masonry structures have been suffering intensively from

noticeable cricks. The subsoil is observed to be clay. What could be probable reason of

cracks in the shaltows structures? (10+6 % )

6. (a) What are the types of rollers used for compacting different types of soils in the field?
How do you decide the compactive effort required for compacting the soil to a desired
density in the field? How does the concept of (i) lift thickness and (ii) number of roiler-
pass in a compaction scheme using vibratory roller in sand subsoil conditions play its
role? (8+7)
(b) Describe compaction curve of a clay. State the geotechnical importance of ‘zero-air-
void' line in compaction curve. (15)
(c) A sample of soil compacted according to the standard Proctor test has a density of
20.2 kKN/m® at 100% compaction and at optimum moisture content of 14%. (i) What is
the dry unit weight? (ii) What is the dry unit weight at zero-air-voids? Also, the saturated

unit weight at zero air-voids? (ii1) If the voids become filled with water what would be

the saturated unit weight? Assume G = 2.67. (16 %) |

7. (a) What are assumptions of Terzaght's first theory to derive time rate of consolidation
for saturated clays? Derive the following differential equation of one-dimensional time

rate of consolidation for saturated clays:

o P
ot 9z°

Write down the solution for this equation stating the boundary conditions.

(the symbols have their usual meanings).

Also, show graphically (i) variation of U, and T, and 2/Hg and (ii) average degree of
consolidation, U(%) with T,. (5+15+5+4x2=33)
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(b) State the basic concept of consolidation and its associated settlement.
The thickness of a saturated specimen of clay under a consolidation pressure of 2 kg/cm2
is 20.70 mm and its water content is 16%. On increase of the consolidation pressure to 4

kg/cmz, the specimen thickness decreases by 1.04 mm. Determine the compression index

for the soil. The specific gravity of soil is 2.72. : (13 %)

8. (a) State the lateral earth pressure conditions for the following cases with brief reasoning:
(i) Design of a riverside retaining wall to facilitate jetty service.
(ii) Design of a free-standing cantilever wall
A 4 m tall cantilever wall is to be backfilled with a dense silty sand. How far must this

wall move to attain the active condition in the soil behind it? Is it appropriate to use the
active pressure to design? Explain using the Table 1 below. (10+10)

Table 1: Wall movement required to reach the active condition:

Soil Type _ Horizontal Movement Required to Reach the Active Condition 1
Dense cohesionless i 0.001 H ' , . !
Loose cohesionless . 0.004 H (H: height of wall) . ;
'Stiff cohesive . 0.010H i

‘Soft cohesive ) . 0.020H - ) ‘

(b} A wall with a smooth vertical back 3 m high retains a mass of dry cohesionless sand
that has a horizontal surface. The sand weighs 18 kN/m® and has an angle of internal
friction of 36°. The water level behind the wall rises to an elevation 1 m below the crest.
The submerged unit weight of the sand is 10kN/m®. If the deformation condition for the
active Rankine state is satisfied, what is the resultant pressure that the earth and water
exert against the wall? At what height above the base does the resultant of the earth and
water pressure act? (10)
(c) Show graphically, using Mohr circle failure envelop, the changes in stress conditions
in a soil as it transits/moves from the at rest condition to the active condition. Also, show

the development of shear failure panes in the soil behind a wall as it transits from the at-

rest condition to the active condition. (1 6 % )

Cond- —1/5
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; prepared by Osterberg (1957) for finding the .influence coefficient for this case is presented in

| Figurc 8.13. The chart gives the influence coefficient, 7, in terms of a/z and &/z.
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TR NI IR '3 geEs ¢
.Group Symbol
(Per Figure 5.3}~

T

t = §5% pass 1200 - 3 Lean clay
= 0% pass #200 70 - Ba%, pass #200 —< % sand 2 % gravel ———2 Lean ciay with sund
- ¥ sand < % gravel ——23 Lean clay with gravel

: \ y Ysand = % grovel ﬁ < 15% gravel ————=% Sandy lean nl‘ly
50 - 69% pass #1200 < 2 15% grave! ——————3 Sandy lean cIny with gravel

% sand < % gravel ? < 15% sand ————— Gravelly lean clay

215% tnd ——————3> Gravetly lean clay with send
. . oy 2 B5% pass #200 3 Sty clay
& 70% pass ¥200 70 - 84% pass #1200 ﬁ % send 2 % gravel ———3 Siiy clay wlth ssnd

% sand < % gravel ———3 Silty clay with gravel

i ’ Liquid limit < 50 ) % sand = Ya gravel < < 15% grave] —————=3 Sandy silly clay
50 - 69% pass #200 < 2 15% gravel ———————3 Sandy silty clay witl gravel

% sand < % gravel ~< < 15% sand ~—=—————3 Cravelly illty clay
- 2 15% sapd +~—————> Gravelly allly clay with sand

i 2 $5% pass #200 - » St
2 70% pass #2100 70 - B4%, pass #200 -—\—) % sand 2 % gravel ———3 Silt with sand
. : % sand < % gravel —— Silt with gravel

. % sand = % gravel ? < 15% gravel ——— Sandy sl
) 50 - §9% pass #200 < 2 15% gravel ‘——————3 Saady s with gravel
. Begin

% sand < % gravel -ﬁ <€15% sand —————2 Gravelly slit
: 2 15% sand ———————2 Gravelly sUt with sand

' 2 B3% pass ¥200 — 3 Fal elay
! = 0% pess #1200 70 + B4% pass #200 < % sand 2 % gravel ——— Fat clny with sand .
. . : % sand < % gravel ———3 Fat clay with gravel
. CH - ) % sand = % gravel T < 15% gravel ————> Saudy [at ctay

’ - 50-68% pass ¥200 < 2 5% gravel ———) Sandy fai ctay with gravel
7 . .. % sand < % gravel <: € 15% sand ——————— Gravelly for clay

- 2 15% sand —————> Gravelly fat clay with sand

MH

Liquid limit = 50
= 85% pass 200 . P Elastic silt
= 0% pasa #200 70 - 84% pass £200 <: % sand 2 % grtvel —— Elastlc silt wlth sand
% sand < % gravel ———» Elnsilc silt with gravel

% sand = % gravel < < 15% gravel ————2 Sandy ctasiic alit

50.- 65%, pass 4200 < 215% pravel ————=% Snandy elastie silt with gravel
44 sand < % gravel # < |5% sand ¥ Gravelly clastic silt

- : ’ : ‘ TN 25 send —————3 Gravelly elastlc silt with sand

s * 1.7 .y .y Flow chart for classificalion of irorganic fine-grained soils (250% passing #200 sieve) (Adapted from ASTM D2487).
i

eiintad e

Group Synipol Group Name

& 0% pass #200 ﬂ'a 85% pass #200 —% Orgaele ciay
70 - 84% pass #200 ﬁ % sand 2 % gravel ——=———3 Organic clay with sand
! % sand < % grvel ~——————3 Organic clay with gravel
% sand & % gravel Q < 15% gravel ——————3 Sandy organic clay
< 70",4: pass #200 < - & 15% gravel —-———————3 Sandy organlc clay with gravel
% sand < % gravel 'ﬁ <'15% sand w2 Gravelly organic clay
= !5“/. sand —————=————3 Gravelly erganic clay wlth sand

Plats as CL
- o CL-ML
on Figure 5.3

/N

Liguid limit < 50 ~—3 QL4

= 70% pass #200 ii 2 85% pass #200 3 Organle silt
70 - B4% pass #200 ﬁ % sand = % gravel —————3 Orgaxzie silt with sand

/N

El:o'{_si aﬁrlrli,s . % sand <% pravel ——————3 Ozgaaic sill witk gravel
B g - % sand & % pravel 'T: < 15% gravc!-'*"'.——‘—_) Sandy organle silt
< 7G% pass #4200 < . = 15% gravel ————————-—% Snndy orgonic s{ll with grave)
% sand < % gravel § < 15% sand ———————23 Gravelly erganic slli .
Begin . . & 15% sand ~~———==~-—-3 Gravelly organic silt with sand
X .
) = 70% pass #200 ﬁ = B5% pass #200 > Qrganic clay
. 70 - 84% pass 4200 ﬁ % sand & % gravel ——————-% Organic clay with sand
:f,mé as (}S-IJ . ¥ sand < % gravel ———————3 Orponic elay with gravel
. igure 3.3 -
& Y sand & % pravel Q < 15% gravel —————————-3 Sandy organjc tlay
. < 70% pass #200 < 2 15% gravel ———————~—2 Sandy organic elay with gravel
% sand < % gravel ii < 15% sand ———————3 Gravelly organle ctay '
v 2 15% safd ~————————3 Gravelly organic clay wilh sand |
Liquid limit = 50 ~—3 QT3 : C I
) = 70% pass #200 ﬁ > B5% pass #200 > Organic silt :
7 70 - B4% pass #200 ﬁ % sand 2 % gravel ————=~3 Organle silt with sand
Flots as MI{ % sand < % gravel ——————3 Organic silt with grovel
on Figure 53 iy

% sand = % gravel '1-‘*\"—) < 15% gravel +——————————3 Sandy organie silt
< 0% pass #200 < Lo z 5% gravel ——————3 Sundy organic shit with gravel

g W ' . A . Yo sand < % gravel ﬁ < 15% sand —————-o—3 Grovelly arganic silt .
. 2 5% sand —————————3 Gravelly arganle silt with sand

T Flow chart for classification of organic fine-grained soils {250% passing #200 sieve} {Adapted from ASTM D2487).
. - » . ' § -
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