






































University of Asia Pacific 
Department of Civil Engineering 
Final Examination Spring 2016 

Program: B.Sc. Engineering (Civil) 

Course Title: Structural Engineering I 
Time : 3.00 Hours 

Part I 

Course Code: CE 3 11 (A) 
Full Marks: I 00 (= I Ox I 0) 

There are six (06) questions in this part. Answer any four (04) . 
Assume any missing data reasonably. 

I. Draw influence lines for 
(a) Bending moment at C 

(b) Bending moment at E 

( c) Shear force at C 

( d) Shear force at the left of B 

(e) Vertical reaction at F 

for the beam shown below 

7' 8' 8' 7' 

[ 1 O] 

9' 

2. Draw the shear force and bending moment diagrams for the frame shown in figure below. [ 1 O] 

2 Kips/ft 

12' 

2' 6' 2' 

3. Draw influence lines for shear in panel 2-3, moment at panel point 3 of the girder with floor [IO] 

beam system shown in figure below. 

5' 5' 

I 

II it I I I 
~6 

I 
3 4 5 

~12' 4@ 10' 



4. For the frame shown below draw influence lines for 

5. 

(a) Bending Moment at A 
(b) Shear Force at B 
(c) Vertical Reaction at E 

Unit load moves over beam CD. 
c 

10' 

A 
D 

6' 6' 

For the truss shown below, draw the influence lines for bar forces in member BG, BC and BH 
[Load moves over the bottom chord]. 

c 

+6' 
110' 

[1 O] 

[IO] 

6. Determine whether the following structures are statically and geometrically stable or [ 1 O] 
unstable and also calculate degree of static indeterminacy of each structure. 

(a) 

(c) 

(b) 

\ ~---o--i 



Part JJ 
There are eight (08) questions in this part. Answer any six (06). 

Assume any missing data reasonably. 

7. For the truss shown below, calculate the maximum tension and compression in members [IO] 
cf and dh due to a uniformly distributed dead load of 0.5 k/ft, a uniformly distributed live 
load of I k/ft and a concentrated live load of 10 k. 

g h 

T 
20' 

J_ 

4@20' = 80' 

8. Calculate the maximum value of MA for the wheel load arrangement shown below. [IO] 

~-A ____ B ._@_._ Q __ Q __ 0.0. __ Q 
12k 35k 12k 2ok 35k 35 k 35k 2ok 

40' I 5' I 6' I 6' I IO' I JO' I 5' I IO' I 

9. Calculate the maximum shear at 20' right of support A for the following beam and the [ 1 O] 

wheel load arrangement shown in Question 8. 

A t f--: __ so_' __ f s 

10. Calculate the maximum value of Re for the wheel load arrangement shown in Question 8. [IO] 

A B c D 

6) 0 ii) ~ 
I 20' 10' I 25' I 



11. Calculate the wind load at each storey of a four-storied concrete made office buildings [ 1 O] 
(shown below) located at a flat terrain in Cox's Bazar (Basic wind speed = 260 kmph). 

Assume the structure to be subjected to Exposure C. 

Wi nd 

Earthquake c=::; 

r--
N 
II 

°' @) 
r 'l 

10' 8' 12' 

Side Elevation 

12' 

10' 
(A)-·- -·-

10' 

12' 

i---.a.---1---+ - - (A ) 

10' 8' 12' 

Plan 

12. Calculate the seismic load at frame A of a four-storied concrete made industrial bui I ding [IO] 
located in Tangail (Zone 2). Assume the structure to be an Ordinary Moment Resisting 

Frame (OMRF) built on soil condition S2, carrying a Dead Load of 170 lb/ft2 and Live 

load of 60 lb/ft2
. Use the same figure for building plan and elevation as of Question I I . 

13. The cable shown below has supports at A and F. Maximum sag of the cable is 2m. Use [10] 
the general cable theorem to calculate the sags at B and E. Also, calculate maximum cable 
tension. 

I 4m I 6m 

~1 
50 

18kN 

Sm 

F 

Sm I 4m I 

14. Calculate the force on each hanger and also determine the truss member force of pq and [ IO] 
rq for the following cable suspension bridge. 

D E 

t IO' IO' 

r 6' 

IO' 

5k 

1--------- 8(aJ6' 



qz = 0.00256 C1 C2 Vb2 

Pz = CG Ct Cp qz 

Category C 1 or I 
Essent ial facilities 1.25 

Hazardous facilities 1.25 
Special occupancy 1.00 

Standard occupancy 1.00 
Low-risk structure 0.80 

Height z (ft) CZ 
Exp A Exp B 

0-15 0.368 0.80 1 
50 0.624 1.125 
100 0.849 1.371 
150 1.017 1.539 
200 1.155 1.671 
300 1.383 1.876 
400 1.572 2.037 
500 1.736 2.171 
650 1.973 2.357 
1000 2.362 2.595 

ExpC 
1.196 
1.517 
1.743 
1.890 
2.002 
2.171 
2.299 
2.404 
2.547 
2.724 

Overall Pressure Co-efficient (Cr) 
f; I b 'Id' . h fl f or rectangu ar Lil mgs wit at roo : 

h/B 
L/B 

0.1 0.5 0.65 1.0 2.0 ~ 3.0 
:::; 0.5 1.40 1.45 1.55 1.40 I. 15 l.10 

1.0 1.55 1.85 2.00 1.70 1.30 1.15 
2.0 1.80 2.25 2.55 2.00 1.40 1.20 
~ 4.0 1.95 2.50 2.80 2.20 1.60 1.25 

Height z (ft) 
Cr. (for non-slender structures) 

Exp A Exp B Exp C 
0- 15 1.654 1.321 1.154 

50 1.418 1.215 1.097 
100 1.309 1.162 1.067 
150 1.252 1.133 1.051 
200 1.215 1.114 1.039 
300 1.166 1.087 1.024 
400 1.134 1.070 1.013 
500 1.111 1.057 1.005 
650 1.082 1.040 1.000 
1000 1.045 1.018 1.000 

Annexure 

Soil Type 
S1 
S2 
S3 
S4 

Earthquake: 

V = (ZIC/R) W 
C = 1.25 S/T213 

T = Ct (hn)314 

Fj = (V-F1) [wjh/ Iwihi] 

s 
1 

1.2 
1.5 
2 

Response Modification Factor 
SMRF (steel) 

SMRF (concrete) 
Moment IMRF 
Resisting OMRF (steel) 

Frame System OMRF (concrete) 

R 
12 

12 
8 
6 
5 

Ct = 0.083 for steel moment resisting frames 
= 0.073 for RCC moment resisting frames , 

and eccentric braced steel frames 
= 0.049 for all other structural systems 

Z = 0.075 , 0.15 and 0.25 for Seismic Zones I , 2 
and 3 respectively 

Wheel Load: 

I. L'JR = {C[,P)d1 + P'e}/L - P1 

2. iJV = {C[,P) d1 + P' e + Po eo}IL- Pi 

3. /JM = (P2 d1 + P' e) (i/b) - (Pi di+ Pa ea) (i/a) 

4. M(Max) = (iP/L) (L/2 - a/2/ - Pb 
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University of Asia Pacific 
Department of Civil Engineering 
Final Examination Spring 2016 

Program: B. Sc. Engineering (Civil) 

Course Title: Structural Engineering I 
Time: 3.00 Hours 

Course Code: CE 31 l(B) 
Full Marks: 100 (= JO x JO) 

1. 

2. 

3. 

Part I 
There are six (06) questions in this part. Answer any four (04) . 

Assume any missing data reasonably. 

In the beam shown below (with internal hinge at C and F), draw the influence lines for 
(a) Ys,YE (b) MA, Mo(c) RA, Ro 

A B c D E F G 

~ 0 ti 0 
~ 

I 
10' 5' 5' 10' 10' 

Draw the AFD, SFD and BMD of the column ac shown below. 

1.5 k/ft 

5'T 
5·T 10 k 

5' 5' 10' 

d 

Draw the influence lines of REY, VF, and MF for the frame shown below if unit load 
moves over beam AC. 

E D T 
12' 

1 
A B F c 

f-- 1 O' ----+-- 1 O' ----+-- 1 O' ---i 

I 

[IO] 

[IO] 

[IO] 
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4. Girder AB supports a floor system as shown in the figure below. Draw the Influence line for 
(i) Floor beam reaction at panel point I and 2. 

(ii) Support reaction at A. 
(iii) Shear in panel 1-2. 
(iv) Bending moment for girder at panel point 3. 

.

;:Inte1.·nal Hinge 

LS..i::====::::::::Jil .rb. . 
yo A}~1~~-2_I~~-I-3~~----,l} ! ~B 

10' 4' 4' 10' 5' 5' 

[ I OJ 

5. For the truss shown, draw influence lines for Fch , Fed and Fgh · Note, each bottom cord [!OJ 
joint has a cross girder and unit load moves over the floor beam placed over the cross 
girders . 

a b c d 

T 
8' 

1 

t-5' -+5' -f-5' +-s' +5' -+5' +s, +-5'--+ 
6. Determine the static/geometric stability and degree of statical indeterminacy of the following [ I OJ 

structures. 

(a) 

(b) 

(c) 

(d) l \ 



7. 

8. 

9. 

Part II 
There are eight (08) questions in this part. Answer any six (06). 

Assume any missing data reasonably. 

State and derive the General Cable Theorem. 

For the cable shown in figure below calculate cable sag at points A, B and C (i.e. Ya, Yb and 
Ye respectively). Given: Maximum Sag= 60' 

- f t Ye 
Ya Yb 

B 

9K 

~K 
.) 

~ 100' + 100' --t- 100' + 50' ~ 

Calculate the maximum reaction at support A of a simply supported beam AB for the wheel 
loads arrangement shown below. 

IOK IOK 15K 15K . 20K 20K 

•- -•- _Q _Q_ -·-·-®- ® 
25' 

I 5' I 5' I 5' I 1 O' I 6' I 

10. Compute the maximum shear at a section 15' from the left support of a simply supported 
beam of 55' span due to series of moving loads as shown in figure below. Load moves on 
the span from right to left of the beam. 

@®. 0 0 ::::; ::: .::: 0 • - -• - - - -.. - - - . - - -.. - - - - - - _O 

5' 5' 5' 10' 8' 8' 8' 

[ IO] 

[IO] 

[1 O] 

11. Compute the maximum tension and maximum compression of member fc in the parallel [10] 
chord truss shown in figure below. 
Given: Moving uniform live load= 5 kips/ft 

Roving concentrated live load = 50 kips. 

f g 

4@5' = 20' 

h 

T 
7' 

_I 
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12. Using the loads shown in figure below calculate the maximum moment at the midpoint of a [ I OJ 
simply supported beam. 

Given: Beam span= 50' 

Q @. o·· o·· ::: : ·::: 0 0 •- . -•. - . - . - - . - . - . - ... ·_ . - . - . - . . . - - . - . - . . - . - . - . - - . - . - . - . - . -

4' 8' 6' 6' 6' 8' 4' 

13. Calculate the seismic load using Equivalent Static Force Method at each story (i .e. at joints) [ 1 OJ 
of a four-storied concrete made Industrial building shown in figure below located in 
Noakhali (Zone I) . Assume the structure to be an Ordinary Moment Resisting Frame 
(OMRF), carrying a Dead Load including partition of 12 kN/m2 and floor live load of 2 
kN/m2

• 

12 m 

.§H.Jl) D 12m 

Side Elevation 

14. Calculate the wind load at frame (A) of a four-storied concrete made residential building [ 1 OJ 
(shown below) located at a flat terrain in Savar (Basic wind speed = 210 Kmph). Assume 

the structure to be subjected to Exposure B. 

Sm 

Sm 
Wind 

Sm 

3@3 m=9m T 1---....a..--1----. 

6m± 

(A) 

lOm 

Sm Sm I I I 
Sm Sm Sm 

Side Elevation Plan 



ANNEXURE 

Earthquake 

V = (ZIC/R) W 
C = 1.25 S/T213 

T = Ct (hn)314 

F, = (V- F1) [w,hJ[wi hi] 

Table: Site Coefficient for seismic Lateral forces 

Soil Type s 
S1 I 
S2 1.2 
S3 1.5 
S4 2 

Table: Response Modification Coefficient for 
Structural Systems 

Basic Description of 
Structural Lateral Force R 

System Resisting System 
SMRF (steel) 12 

Moment SMRF (concrete) 12 
Resisting lMRF 8 

Frame System OMRF (steel) 6 
OMRF (concrete) 5 

C1 = 0.083 for steel moment resisting frames 
= 0.073 for reinforced concrete moment 

resisting frames, 
= 0.049 for all other structural systems 

Z = 0.075 , 0.15 and 0.25 for Seismic Zones I, 2 
and 3 respectively 

Seismic Dead Load 

Seismic dead load W is the total dead load of a 
building or a structure including permanent 
partitions. A minimum of 25 percent of the floor 
live load should be considered. 

Wind 

Table: Structure Importance Coefficient 

Category C1 or I 
Essential facilities 1.25 

Hazardous facilities 1.25 
Special occupancy 1.00 

Standard occupancy 1.00 
Low-risk structure 0.80 

Table: Combined height and Exposure 
Coefficient 

Height, z 
Combined Height and Exposure 

Coefficient, Cz 
(m) 

Exp A Exp B Exp C 
0- 4.5 0.368 0.801 1.196 

6.0 0.415 0.866 1.263 
9.0 0.497 0.972 1.370 
12.0 0.565 1.055 1.45 l 
15.0 0.624 1.125 1.517 
18.0 0.677 1.185 1.573 
21.0 0.725 1.238 1.623 
24.0 0.769 1.286 1.667 
27.0 0.810 1.330 1.706 
30.0 0.849 1.371 1.743 

Table: Overall Pressure Co-efficient (Cr) 
for rectangular bui I dings with flat roof 

h/B 
LIB 

0.1 0.5 0.65 1.0 2.0 :::: 3.0 
:S:: 0.5 1.40 1.45 1.55 1.40 1.15 1.10 

1.0 1.55 1.85 2.00 1.70 1.30 1.15 
2.0 1.80 2.25 2.55 2.00 1.40 1.20 
~ 4.0 1.95 2.50 2.80 2.20 1.60 1.25 

Table: Gust Response Factors 

Height z (m) 
Cc (for non-slender structures) 

Exo A Exo B Exp C 
0-4.5 1.654 1.321 1.154 

6.0 1.592 1.294 1.140 
9.0 1.511 1.258 1.121 
12.0 1.457 1.233 1.107 
15.0 1.418 1.215 1.097 
18.0 1.388 1.201 1.089 
21.0 1.363 1.189 1.082 
24.0 1.342 1.178 1.077 
27.0 1.324 1.170 1.072 
30.0 1.309 1.162 1.067 
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University of Asia Pacific 
Department of Civil Engineering 
Final Examination Spring 2016 

Program: B.Sc. Engineering (Civil) 

Course Title: Environmental Engineering I 
Time: 3 hours 

There are Six (6) questions. Answer any Five (5). 

Course Code: CE 331 
Full Marks: 100 

I. (a) With neat diagrams explain the mechanisms of single and double acting reciprocating [6] 
pumps. 

(b) Enlist the advantages and disadvantages of centrifugal pumps. 
(c) Design the transmission main and the pumping unit from the following data: 

• Water supply rate= 50 gpcd 
• Estimated population= 75000 
• Ground R.L at the pump house= I 02.50 ft 
• Treatment plant R.L = 196.00 ft 
• Velocity through pipe= 10 fps 
• Pumping time= 10 hrs. daily 
• Total length of pipe= 4000 ft 
• Friction factor = 0.0 I 
• Efficiency = 70% 

[6] 
[8] 

2. (a) Write short notes on: (i) coarse screens; and (ii) fine screens that are often employed for [6] 
water treatment. 

(b) With appropriate diagrams explain DLVO coagu lation theory. [6] 
(c) A clarifier is designed to have a surface overflow rate of 35 .0 m3/m2.d. Compute the [8] 

overall removal efficiencies with settling analyses data, illustrated in the following Table 
1. The water temperature is 15°C, and particle specific gravity is 1.20. At 15°C the 
kinematic viscosity of water, µ is 0.00 l I 3kg/(s.m) and specific gravity of water p is 

0.9990. 

Table 1. Results of settling test analyses. 

Particle size 
mm 

0.10 

0.08 

0.07 

0.06 

0.05 

0.04 

0.02 

0.01 

Use the following equation: 
I 

F =(I-Yo )+ - IVL1y 
vs 

1/3 

Weight fraction 
<size,% 

12 

25 

40 

75 

85 

94 

99 

JOO 



3. (a) With necessary assumptions derive the following Stokes equation for the analyses of [10] 
discrete particle settling in water column. 

Vt= 

2 
g( Pp - Pw)d 

18µ 

(b) Explain the following terms: (i) combined available residual chlorine; and (ii) free [5] 
available residual chlorine. 

(c) What are the main differences between rapid and slow sand filters? [5] 

4. Propose treatment flow diagrams for raw water sources (W1, W2) having characteristics [20] 
shown in the following table; explain the steps of your proposed flow diagrams. The 
index in the parenthesis represents Bangladesh Standard (BS) value of a specific 
parameter. The following table also provides a comparison between the measured and 
BS values ( of a specific parameter) . Such comparison allows identification of the 
parameters that require treatment. ,,;, (in the Table) indicates that the parameter is within 
limit of BS, whereas 'X' represents that the parameter is beyond the limit of BS and 
requires treatment. 

Parameter Unit W1 W2 
Value Check Value Check 

with BS with BS 
pH --- 6.3 7.4 
Turbidity (25) NTU 1.5 ---/ 105 x 
Color (30) TCU 1 -J 34 x 
C02 (15) mg/L 75 x 4 -J 
Alkalinity, A mg/L as CaC03 85 H<A, 190 H<A 
Hardness, H mg/L as CaC03 70.83 A is low 50 
Fe (1) 4.5 x 3 x 
As (0.05) mg/L 0.3 x 0.02 -J 
BOD5 (10) 2 ---/ 15 x 

5. (a) Calculate the flow in each of the pipe in the following looped pipe network by Hardy- [10] 
Cross method. 

45 lps 

5 lps 

A 

"' 'o 
E 
E 

0 

~ 
E 

0 
D 0 

set" 

"' 'o 
E 
E 

0 

~ 
E 

800 m-200 mm dia 

800 m-150 mm dia 

B 12 lps 
-----,--------------..... 

"' 'o 
E 
E 

0 

;::! 
E 

E ~ ~ F 12 lps ...,._ ______________ - ------------------------------·---·------------------------------------------ _______ .,... 
800 m-100 mm dia 

Use the following graph (Figure 1) if required . 

2/3 



Figure 1. Determination of H/L. 

Use the following equation. 

t, = - I:KQ/ = _ __!!!___ 
"'KQ x - 1 H x..., a xI:~ 

Qa 

(b) Enlist the advantages and disadvantages of: (i) gravity flow; and (ii) direct pumping (5] 
systems. 

(c) Explain the causes and prevention methods of water hammer that might occur in the (51 
plumbing networks of a multi-storied building. 

6. (a) Explain the key steps to achieve water sustainability. (5] 
(b) What are the physical factors that affect water loss rate and what are the steps to reduce 15] 

such losses? 
(c) With engineering diagrams explain the mechanisms of: (i) infiltration well; and (ii) pond (10] 

sand filters. 
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University of Asia Pacific 
Department of Civil Engineering 
Final Examination Spring 2016 

Program: B. Sc. Engineering (Civil) 

Course Title: Open Channel Flow 
Time- 3 hours 

Course Code: CE 361 
Full marks: 150 

There are FOUR questions in each section. Answer any THREE from each section. (25*6= 150) 

I . (a) 

(b) 

(c) 

2 (a) 

(b) 

(c) 

3. (a) 

(b) 

(c) 

4. (a) 

(b) 

(c) 

SECTION-A 

Obtain the relationship among Chezy's C, Darcy Weisbach friction factor C and 
Manning's n. 

What are the assumptions in dealing with the compound cross sections when they are 
separated in subsections? Mention the considerations in the selection of a suitable 
channel reach for slope-area method. 

Show that the best hydraulic triangular section is one-half of a square. 

Define specific energy and total energy with expressions. 

What do you mean by "Best Hydraulic Section"? Differentiate between "minimum 
permissible velocity" and non-erodible velocity". 

A rectangular channel has a bottom width of 6111 , a= 1.12 and n = 0.02. 
i) For h11 = l m and Q = 11 m3/s, determine the normal slope. 
ii) Determine the critical slope for Q = 1 I m3 /s 
iii) Determine the critical slope for h11 = Im. 

Write down the momentum equation with all the expressions. 

What are the factors affecting Manning's roughness factor n? 

For a trapezo idal channel with b = 6 m and s = 2, compute the critical depth by either the 
method of bisection or Newton-Raphson method if Q = 14 m3 /s and a = l. 

Write down the classifications of open channel flow. 

Derive an expression for the shear stress ratio (ratio between the shear on sloping sides 
and shear on the level bottom) in a trapezoidal channel. 

By using Lacey's method, design a stable alluvial channel when ct= 0.15 cm and the 
discharge is 25 111

3/s. 

(7) 

(6) 

(12) 

(6) 

(2+4) 

(13) 

(5) 

(5) 

(15) 

(5) 

(7) 

(13) 



SECTION -B 

5 (a) Derive Horton ' s formula to compute the equivalent roughness value for composite ( I 0) 
channel section. 

(b) An irrigation canal has to carry a discharge of 30 m3/s through a coarse non-cohesive ( 15) 
material having d50 = 2.5 cm, d75 = 3.0 cm and n = 0.025. The angle of repose of the 
perimeter material is 32°. The canal is to be trapezoidal in shape having s = 2 and laid on 
a slope of I in 1000. Determine section dimensions of the channel. Use Lane Method. 

6 (a) Draw the definition-sketch of hydraulic jump showing its features. Write down three (6) 
applications of hydraulic jump. 

(b) Classify hydraulic jump based on Froude number. (5) 

(c) Water flows at a velocity of 6.1 mis and a depth of lm in a 6.1 m wide horizontal (14) 
rectangular channel. Find: 

i) the downstream depth necessary to form a hydraulic jump, 
ii) the type of jump, 
iii) the height of the jump, 
iv) the length of the jump, 
v) the horsepower dissipation in the jump, and 
vi) the efficiency of the jump 

7 (a) Draw the profiles for following channel conditions: (8) 
(i) A mild slope followed by a steep slope, (ii) Mild slope followed by a free overfall , 
(iii) upstream and downstream of a sluice gate in a steep slope channel, (iv) A mild slope 
followed by a steeper mild slope 

(b) Which information are generally required for the computation of gradually varied flow (3) 
profiles? 

(c) A 6 m wide rectangular channel has three reaches arranged serially. The bottom slope of (14) 
the reaches are 0.016, 0.015 and 0.0064. The n values for the three reaches are 0.020, 
0.015 and 0.025 respectively. For a discharge of 20 111

3/s, sketch the resulting flow 
profiles. 

8 (a) Mention practical occurrence (example) for each of the following profiles : ( I 0) 
i) M 1 Profile, ii) M2 profile, iii) S2 profile, iv) M3Profile, v) S3 profile 

(b) A wide rectangular channel with C = 45 m 112/s and S0 = 0.0001 carries a discharge of 1.8 ( 15) 
m2/s. A weir causes the water level to be raised by 0.50 m above the normal depth. 
Compute the length of the resulting flow profile between the weir site and the location 
where the depth is 2.8 m by the Bresse method. (drawing required) 
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A _ f
0 

u dA 
U= 

A 
f0Au3 dA 

a= 
U3A 

~= 
foA uz dA 

U2 A 

Formula for Lacey's Method: 

fs = 1.76-fd 

/5/ 3 
s -----

0 - 3340Q 116 

P = 4.75/Q 

Lane Method:'[b = 0.40 d75 

Given Formulae 
Trapezoidal channel Circular Channel 

A= (b + sh)h d0 [ w] h = 2 1- cos 2 
P = b + 2h,J 1 + s2 2h 

w = 2cos-1 (1- d) 
B = b + 2sh 

0 

dz 
A=(w-sinw); 

w 
B = d0 sin 2 

wd0 
P=-

2 
Note that w is in radian 

Bresse function: 

r11 1
1 

u 2 +u+1 1 _ 1 V3 
Y..J = - n - - tan --

6 (u-1) 2 V3 Zu+l 

Where u = h/h11 

For Hydraulic Jump: 

E2 (1 + 8F;i) 312 
- 4F;i + 1 

-=---------
E1 8F;i (2 + F;i) 

hj .j 1 + 8F;i - 3 

E1 2 + F;i 
L· - 9 7Sh (F - 1) 1·01 

J - • 1 rl 
Q2 -

Fz =-+z2A2 
gAz 

Ls sin2 cp 
K=-= 1---

. - h 3b+Zsh 
For trapezoidal channel ,z = - ( h ) 

Lb \ sin2 l/f 
6 b+s 
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0 
ti) ,.o 
..c 
'11:l O · 9 -~ 0,8 
E 
1- 0,7 
a., - 0,6 
c 

Ii) 
0,5 

Vl 
a, 
L. 

0,4 

~ OJ 
L.. 
0 0,2 
(l) 
.c . 
l!) 0.1 

Maximum Shear Stress on (a) sides and (b) bottom of channel 

D 

' J 
Trapezoids,~= 21 I , 
~ ~ ? 

l 
[1; -~ 

I 
!,>' Tropezaids,s= 1-~ v l I 

~R0ctangles 
.......... 

"Tropez a ids 

J -·-
\ 

/ I 
I 

I 
i 0o 1 2 3 t, 5 6 7 8 9 10 

b/h 

(a) 

b/h 

(b) 
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