
2

<I. (a) The strut shown in Fig Q4A has tile hLiekle~1profile j(-4e'x-x' --3r'
and has a uniform Gross section. Use thelenerqy method to obtain a
expression of the critical load per. i' I (I"marl<)

(ii) The principal moments of area Iliu and ivv. (6 marks)
I

(iii) The inclination of lIle princtpal axes from the centroidal axn
I (2 marks)

I ;

The inverted T section shown In FlU03 has the i!JIIOWinpJI8ctionproperties;
A = 1900 rnrn", Ixx= 1.DOE6rnm4, Iyy:;;;'1.'137E6 rnm", [I"u = 2.'I47EB mru'I . r. I IIw= O.79E6 rnrn".

The section is subjected to a sagging moment of,frlagnitudh M~= 3KNm and
compressive axial force of F = 381<N applien thro'lloll llie ccintroid.
Calculate the combined stress at A and B due tol,he bendipg moment and til
axial force. ' (20 mal ks

3.

}'> All queutions carry equal marks
I

}'> Answer any HIREE questions.

» rioiss~)Il's ratio' for s feel V=:O 25

» ~oCIUlutiof Elasticily for Steel Es = 2001(N/m2.

(8 marks)The centroldal moments of area I"", Iyy'and Ixr
I

(i)

(IJ) The zed section shown in Fig Q2. Calculate the following:-

(" marks)(a) Distinguish between principal and centroidal axes.2.

TI-II[(I) YI~I\R EXAMINATIONS FOR THE DEGREE!OF BACHELOR OF SCIENCE
-_._--...,- ... -_. __..... iN CIVIL ENGINEERING

(c) A rectangular cross section of '1.0metre I~nglh is subjected to
a uniform /Je,~clingmoment of Mx = 601<Nf1il. The s1clion has
Ix=: 5E6 mm . .
Calculate the strain energy stored in the ,eelion.: (4 marks'

I
fgE ~31: STHENGT-IiOFMATEH.lJ1~SIIA

fl!l.§IJ;L:MESTfl~ EXAMIN_ATrONS 2011/2012

shown in Fig. 0 'I. I (0 marks

I :
The section shown in Fig. 0'1 is sul)jer:te~1[0 a vertical shear force of
V'" 120kN. Given b = 60 rnrn, It ::: 'IDOmrn, :enl'eulate the maxim'
shear stress in the cross section. I (8 marks

(b)

Using first principles show that Ix=.!i~ .for the triangular section
36 .

(a)1.a
UNIVERSITY OF NA!fHOHI

, .'
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For a flexural member U of length Land stiffness K. the slope-deflection equation is. . ,
u, ;'2EK(2B,-I-fJJ-3:)+lvi;. . "eq1'l(2) ;

Fixed End Moments:

For any two adjacent spans.c and b, of a continuous beanrof.constaut fJe;((lIal rigicli.tY.sf
and having supports 1,2 and 3, the three-moment equation is

~(~J+2[\~(La -i-IJI-Ml(4)==-{(1~aJ-{{~~)J+6E{(02I:ij+(§Lit1-)1···eQr(l)
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FIGUIU~ 03 ... __ ~__ ..__._...:.___ ..._..-. ...._...
FigureQ'I shows a.rigid-jointed frame ABCD, rigidly fixed to SUPPOlts at A
and D ,8l1([ supported on a pin roller at C. The frame supports a uniformly
distributed load of 50kN/rn intensity along the beam ABC. The flexural
rigidity of the beam ABC is twice that of the column BD. Given that axial
strains" me negligible, obtain the bending moments at the joints and supports
using the slope-deflection equations given and sketch the moment diagram
illdicat;ing your sign convention clearly. (20 marks)

3.

6J.11 '~--

SOkN/ml
'The beam ABC shown, in figure Q2 is rigidly fixed to the support at A,
simply; supported 'at C and continuous over the knife-edge roller support at B.
A uniformly distributed load of 40 1~N/l11 intensity is supported along span
AD. Using EITHER.energy methods OR the 3-moment equation, determine
all reaction components and moments over the supports and sketch the
bending moment diagram clearly indicating your sign convention. The
flexural rigidity Elis constant throughout the beam. (20 marks)

r

2.

1. The pih-jointed steel frame shown ABCD in figure Ql)o5 pinned to supports
at A 8114D. During assembly, member BC was found to be too long by 3
rnrn 11ll:d had to be/orced into position. Using any suitable energy method,
calculate the forces in all members when the frame is subjected to a
borizo~(~.lload of i20 kN as shown. . (20' marks)

j

Take: Young's modulus for steel E =205 kN/riun2
Cross-scdtion area of ea.~hmember A = 600mrn1

- ..•.-.------.~----~.--- ..-~---...,~

I
1
I

A "IOkN/m IP-UT£fJ1B !. c

I 5 :f ----"-5=-llJ~'
I 1

l~IGUIU:;Qb

INSTRUCTIONS~
1. AttclUI) l ALL TImE}]; (3) (J uestioris.

2. All questions carry equal marks.

3. NOll"p1'()grall~lnabl~ electronic calcl;lators are allowed.

---_ .•-.:------------_.

. TIME: 2.00 P.M. - 4.00 p.l\tl. ·1. J)A'J'JJ::0 cronen 25, 7010

FeE 301 :THEORY OF STRUCTURES ITA

TILlEJIYI&b1.l]t~\MINAT!IQ_l1SFOB-TIm DEGREE OF BACHELOR
> OF SCIENCE IN CIVIL ENGINEERrNG

For ally member ij of a rigid frame of length L,

Mlj = 2EX(2Bi + (}j - 3I~J-fM{. eqn(2)

Mj' =ZEK(Z8j" 8/- 3:}r M!t : etfJ1(3)

,SUl'PLEl\1ENTAH.YE.XAMINATroN~lQ0912010

u,(LJ+2M1(La +Lb)·,·M3(Lo)=_{(A;~a}{~tiJ}'6Ei{[ 1121:(\]-{ r51~bSlJ} ...e(,
I

tl.J end moments arc given

For any two adjacent spans, a and D, of a continuous beam of constant Ilexurat rigidi;
and having supports 1,2 and J, '. 111

0NJVEiRSITY OF NAIROBI

I
i '

FeE J01 THEORY Of STmfCTT.Hms II!\, ~EQQtiTIQ»W AJjD FIC)3"'}ICES_ c.:,.

Skani: Kwa hisani ya Eric



2 ) i). a Show [rom ~.rst principles that the theoretical f10Vl rate through a

suppressed rectangular weir is given by Q = 2/3 B . f2g) I::1312wher B' id If'. 1 . .VI. . Cl H" e IS WI t lOWell'

and J1 is water level above crest. loi marks]

pressure is I bar, with a maximum temperature of 40"C; (P. '" 0.07375 bar), ruid the net

A turbine with (Fe = 0.1 is [0 be installed at a location where balometric
I

a)4.

. . 11. Obtain from first principJes au equation [or the relationship

between crilical rJepllJ.and specific pl1ergy for a constant discharge per nni! wid lb. Plot

lite specific energy cnrvcli().i .' gi I'd1flow per unit width and show 011 the graph the
critical JloiJlI.(9. marks] . I,.

H) Water is IlowlIlg ll\ a rectangular channel which is 2]Jl width and
c,lrrying R flow of2 . J/ '1-J J I 1 ' .

nt~, ic c iannc at some section 13 constricted to a width 0[0 5.' I .. m.
Neglccllng losses, and aSi~umi()glhat [he constriction gives criticalJlow, determine the
water deplh .il1.~heconsu [ction and If lie depth upstream. [5 marks}

b) A smooth flat plate 15 GOl wide aud 5U em long is placed longitudinally ill

a stream of crude oil of specific.gravity 0.925 «I 25"C flowing with undisturbed velocity

of60 cin/s. (Uoil at 20°C is 0.93:x 10'"m2/s). Find:

i) Frictional drag 011 one side o[ tho plate. ltl maries]

ii) Thickness afthe boundary layer and shear slress at the ttailing

edge oftl1e plate. [4 maries)

Define critical flow, [2 marks]I .
I.i)b)

ii) Using the Buckingham ITtheorem nppronch for diinensional
i :

analysis, determine the inter-relationship for the parameters affecting the drag ~rcc F" of

a.s~here moving through a viscous fluid, given that lhe 1111idproperties and pJW?iDAi.

properties of importance wil:hiJl the system include fluid density ([1), viscosi ty (jt), sphere
diameter (D), and sphere velocity (V) [9 marks]

3. Rea,~oJlnb1caSflJIDP/ioJl0jlllaY)lb made

Ik NllATWOR~JNG is elupJ18sized.·-- · ~I----------~--~
1

1. ) AI'
. a. . re~laJlgllJar Ope!l etannel whose width is 4.5 ill lUlllhaving a slope of
1.800 (vertical : horizontal) conveys water at a depth of 1.2111, and has a chezy constant

C o[ t19(S.l Units), Find U\Cmean relocjly of flow and U)C discharge per unit width of
the chanucl. It! marks] '

Define the,three similarity laws applied to modeling. [3 l~flrl<sJi)a)3.

Answer auy (hnc'queslions
. I' I.IiU (juesllolls curry equal marks

I.

2.

INSTRUCTIONS:

curves, indicating Vle critical depth positions. [3 marks]

ii) A rectangular channel 1.25 IIIwide and 30 In long with a 1at

horizontal slope carries a flow ofO.5m3/s, and terminates in n free

discharge. Determine for U1C backwater profile depths 0.300 rn ami

0.320 m the average distance upstream o[ the critical discharge

point. 6marks]

TIME: 11.15A.M.-1.15 r.MDATE: 24m XrE1:1RUfRY,2006

I '~I'=========~==============

i
By use of sfetehes, show [be profiles of the threeM backwateri)l;)

. 1
UNIVrEF1.SITYOF J\IAIFiOBII '/ '.

FmST SEMES11EREXAMINATIONS 2005/2006I 'I

T'lm~ ~EAIU!;X~lMrNA~oNS FOR nill DEGREE OF BACHELOR
2l .1!,NVIRONl\1:ENTIJ..! AND BIOSYSTEMS ENGINEERING'. .

I ~.

ii) Discuss why [he actual discharge wOIII~Il!1JJo~er lha" fhe v.~lue

obtained in 2. a. (i) above. [2 marks]

iii) For discharge over a slwrp-cre~tecl suppressed rectangular foir of
0.14111>/Swill] a waterlevel abov1crest 0123 ern, calculate lhe width of weir rcrtllircd

(Take c, as O.G). 13marks]

I"
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Find the loss of head due 10 friction in a pipe !150mlong nnd'225 mm diameter
with/he discharge is 4,0 mJ/min and the resistance coefficient f' '" 0,015.

(10 marks)

Two reservoirs ale connected by a pipeline which 125 mrn dia lor the first 60m
and 200 ~l in diam~ter t?rtbe rema~ning 150m, ~h? ~nt.ranceland exit are sharp
. and the change of section IS sudden. I'he water surface In the upper reSerYOII,'IS
48m above the lower. Tabulate the losses of head which OCCUI' and calculate the
rate of flow in m3/s, Friction .coefficient f= 0,012 for both pipes. Draw also the
hydraulic gradient and the total energy gradient. (25 '(Huh)

I
----- ......_-_...--- ------ ---------- _._-..-..---!-------- ---~

(b)

(c)

Water is flowing over a sharp-~re$ted rcctan,glliar ,;e\r ofwidtl\ 50.cm into a lank
with cross-sectional area O.6rn . After a period oDDs the dep!l~ of water ill the
tank is lAm, Assurniug a discharge coefficient of 0.9 determirie the height of the
water above rhe weir. (9 marks)

If the rectangular weir is replaced by a 90° notch weirwith'lhe lamc head aud a
discharge coefficient of 0,8, calculate the depth incre;,sc of lhe water in
tank after 3us. I (9 marks)

Derive all -expression [or the loss of head due to fricti;,n in a pi~eline in terms or
the velocity head assuming that 'the frictional resistance per unit area of pipe wall
is proportional to the square of the mean velocity of now. (l5 marks)

(b) '.

,
Derive the following expression for the discharge Oyer a rectungular weir. Start
with Bernoelli's equation and state all the assumptions IUlt you'make.

Q = Cd %'B)2gH~ (7 marks)

Explainwhy the velocity measured by rhe pi tot-static tube is higher than that
measured by the venturi meier. (2 marks)

(J)

(c)

A horizontal venturimeter is used to measure the flow of water in a 200mnl
diameter pipe. The throat diameter of the venrurimeter is 80rnm and the discharge
coetficieut is 0,85. If the pressure difference betweenlthe two measurement
points is IOcrnof mercury, calculate the average velocity in the pipe, ASSlUnethe
relaliorr density ofmercury is 13.6. . (8 marks)

The velocity of the water flowing in the same pipe is also measured using a pitot­
static tube located centrally in the flow. If the height measured on the attached
IIULOO'Il~teris 60mm and the relative density of the manometer fluid is 1.45,
determine the velocity of the warer. (8 marks)

(I»

(7 marks)Where the nouulous have usual meaning.

Q.4,
.Starting' with the Bernoelle and continuity equations, show that the
followingexpression gives the discharge measured by a venturi meter.

Q,1.(a)

Attempt THlillE' Ques rions.
All qu~tioll~ cuny EQnA1~marks.
Deusity of water is lOOOKg/n?
Accclejarlou duejto g"avity is 9.81 rrlil
Reasonable assumptions may bemade where necessary.

1.
2.
3.
4.
5.

Q,J,(a).lNSTRUCTJ~)NS

TIME:: 111.15A.M. -1.] Sl'.M.DATl!~:9ll'EBRUARY, 2010
,I

TBll1D Y)];AllEXAMINATIONS }i'ORTJill DEGREE OF BACHELOR OF
SCmNCE IN CIVIL ENGINEEIiING

liCE 321 : FLUIDMECHANId flA

1JNIYERBITY OF NAIROEI
1,'rRSTSEMESTER EXAJY.([NATIONS200912010

Q.2.(a)
, '

I
.. ,\ '( "
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c)

A ventpri meter placed in a 75mm diameter pipe has a throat diameter of '
251TIJ)!.'The constant of the meter is 0.97. Determine the discharge when the
venturi.head is 4t:lOmmofwater. (5 marks]

If the liictiollul Joss in tbe diverging cone is double that in the conveying cone,
lind till; total head Joss in the meter due to friction when the water is passing at
the abd~e rate. . ,(5 marks]

b)

(10 marks]

Show that il 'Venturimeter the quantity of water passing through the meter will
be only proportional to theroot of the "venturi head" if the head lost in
frictior] is proportional to the head lost due to increased velocity,

. 1 '

2. a)

Establiah Bernoulli's equation for the streamline motion of a fluid.
" /12 marks}

Show that when water is issuing steadily from au re, - entrant orifice.in the
bcuom of [dunk, the' area of the jet at the vella contracta is Y, of the area of
the orifice, (S marks]

, b)

I. a)

..._----_. -=_.="'=-=. ===

"1. Attempt any THREE Questions. '
2.. All quesf ions carry equal marks.
3, DensHy of water .is 1,000 kg/m)
4, Acceleration due 10 gravity is 9.!llmls2
5. Reasonable assumptions may be made where necessary.
6, Non-programmable electronic calculatDrs may be used,

NOTES TO CANDIDATES

TIIV1E: n.is. A.M, -'--1.15. P.M.DATE: JAN:rJARY 24, 2012

FeE 3rJ.1: IfLUID MECHANICS IlA
[12 mark.

b) Find the flow of oil Tl=O.5g crnisec", density =p.8 g/crn ' 'tlu'ollgh a pipe
diameter 0.9 ern and 12m long when the head losu is 7Scm.

Show that the discharge over a sharp-edged v-noLh is theoretically
proportional to the head raised to all index power r' f2.5.

I (10 marks

b) A sharp-edge v..notc~ inserted in tile side of a rec}angLllaI 1l1k 3.6m and 1.2u
abroad grves calibration Q= 1.43 I.e" where Q is!beasoj·ed In cubic meters
per second and H in meters. Find how long it wid take to retllice the head in
the "tank from 300mm to 25nrm, if the water discharges fi'eeJiyover (he notch
and there is no inflow into the tank. . I , [L 0 11/{1I'ks

/

4. a)"_,_l... ~ •.

THrRD YlGAREXAMINATIONS FOR THE DEGME OF BACHELOR OF
SCIENCE IN-CrVn, ENGINEERiNG

1,'JJlSTSEMJJ:STElUJ:XAMINATIONS20ll/20l2,,--
Where V ._mean velocity

p == density of fluid
i = energy gradient
~l = coefficient of dynamic viscosi ty.

UNIVERSITY-OF NAIROBI

..- .....

3. a} Prove that for a slow flow through a.pipe.
pgid'
--=3')Vp -

·,
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-------------------------_ .._ ..__ ....----------

Q.4. Two vertical cylindrical tanks.of Sm and 3m diameter contain water they mejoiuedncar
their bases by a pipe of diarneter Scm which is short enough to be cousiderod 'AIl orifice
with Cd or 0.6. If the 3m diameter lank initially h~~ n level 2m higher than Uk.other,
calculate how long it will lake for the levels [0 become equal in each tank. (25 marks)

II) ~;:ler i.s~owing o.v?ra pharp crested rectangular weir of width 35 em into a
c}hudr~c,d tank of ~"illllelcr 75cm. III 20 ~ecoods the depth of water in the tank
rrscs I .Zrn. .A~SllJl)H)& lIldlscharge coefficient of 0.9, determine the height of the
water ahovo t1llC werr.m: 11111.. .(9 marks)

b) J[ Ihe dischuria rernainsithc same aud the rectangular notch is replaced by a 90°
notch we,U'with a coefficient of discharge of 0,8 and a maximum height of 18 em
would this notch be adequate tomeasure this discharge? . (6 marks)

:~) In all CX[lcrirnlntajet o~water of diameter 200 111m is fired vertically upwards at
a SPl'Il.lll: ta.rp,.r'll:l1at rlcfldcts the water at an angle of 120' to the horizontal in all
:l.'rcclJo.!~s:J [Jl 50pg rn~ss'placed on the target balances the force of the jel, what
.IStile discharge of tile JC,I Jll litrcs/s? (10 marks)
[Prove any lonnulac you lise]

Slil!"!ill~ with ~hcT-krn?GilJiand Continuity equations, show that [he following
expression gives the discharge measured by a venturirnetcr. .

I I - Jl~
---+Z,-Z2

Q=Cdt\1\. ~p=g+.---
- , 1 /\ 1~,I\.'

'1 1

(d) Explain why [he velocity measured by the pilol- static tube is highcr [han thai
measured by the venturimeter. (2,lnmks)

A Jiquid whose coefficient ofv.iscosity is "rn" flows, below the critical velocity [0\­
laminar flow in a circular pipe of diameter "d" and with mean veloci ty "u". Show that
the pressure loss ina length of pipe is 32u m/({ '.
Oil of viscosily 0.05kg/ms fl0Y's through a pipe diameter 0.1 rn WiUIa velocity of 0.6m/s,
Calculate the loss of pressure in a length of 120m. (25 marks)

Q.3.

The velocity ofthe water flowing in the same pipe is also measured using 11. pitol-·
static tube located centrally in the flow. If the height measured 011 the atlaehcd
mercury mnuorneter is 15 min, determine the velocity of the oi I (8 marks)

(c)

A vertical venturimetes is being used to measure the I10w of oil ()f relative density
0.88 in a 200 mrndi81rieterpipe. The throat diameter of the veulurimetcr is 100
mm and the discharge 60efficient is 0.96. Two tapping point atthe lil(Oilland
entrance arc 320 nun apart and the pressure di lferonce between these il:measured
at 38 kNhn2 What is the discharge and 11Jevelocity ill the pipe? If mercury
manometer were attached at tile tappings points what would be the difference ill
Levels of tho 1.\;'0 areas of the manometer?
(Assume the relative density of mercury is J.3.G). (8 )])alks)

(b)1
;trIHS'l1 SEMlCS'IIl:R EXAI\11NATIONS 2010f7,011

1J YEAR E:XAMINJ,\Tio~s l?ORTI-IE DEGREE OF BACIlELOH OF SCIENCE
I IN <HVILENGINEERING .

:l.1~E321 j FLUID' MECHANICS ITA

fllmmRUAH,Y,2~JJJ i '. -----.-~M:E; ;,1.1.5 1\.M - US P,M,

QCTJONfi I I
<\ttcmptTHlmg Questions. 1

t\1l (l~lc.,!jomcarry ~~QU:AL JI\nrks,
Density of water is 1',lJOO,J{g/I'l .
'\ccclci'utioJl due to gr~vHy i~119.81.m!.ql
'{ca~oHablc llS3l\mp~jon may ilc made 1'I'11CrCnecessary.

.: . I .

(7 marks)

and that when a rnanometer.is attached the discharge may be giveJI I;yi.

. ;I.
I I.

UNI~ERS~TY OF NAIROBI

",
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An Asphalt Concrete (Ae) mix for it road-surfacing l,rqjCc:thas' been prepared using the
[()llowi rIg'Rgg,'e.g~JleS:

(c)

(d) Explain the use of pre-coated chipping carpets in road surfacing. Slate the Drlv~lllagcs
and disadvantages of a pre-coated chippings layer when compared with surface
dressing .

(8 marks)

(11) Describe in detail the basic properties and functions oflilc Iollowing components in a
hiruminous mixture
(i) (;OI1I$Caggrqg~(CS
(i i) Fi nc Aggreg~.tes
(iii) . filler material, and
(iv) Dinc]or (8 marks)

(8 marks)
(i) '~11Iatis asph"ilCOllcrole7
(ii) State the ad~aIl(<\:ges0(' asphalt concrete in road construction

.Duc~tio!!...:f

(4 tnarks)

(a) Define I:he [allowing terms used in road surfacing:
a. Prime coals
b. Tack coats.

(c) .

Questio1l4
(0)

(b) What are cut-backs? Differentiate between rapid.medium and slow curing cut-backs
. (1 i1l<1rk~)

(c) Emulsions refer to material,s used in road consn uction
(i) What are emulsions~lld where are they commonly used.
(ii) Distinguislrberwcenrcation!c and anionic emulsions.
(iii) List two advantages and two disadvantages of u~illg bitumen emulsion. ill road

construction . (9 ~nnrks)

I

) !ow do lI~e [Olt(;n\'ipgm~reriaJproperties affect the quality of rock for road making?
(J) Minora .cornposttum and decomposition
(ii) Grain size
(iii) Rock srruoturc
(iv) R~-c,)'.s'(al)d.'ltion' (8 marks) .

(i)Define surface d(cssing/lTenlJllent in Toad construction.
(i i) State three .[unctio.osof;surface dressing (5 marks)

I .! 'I ,.
Calculate the ra'le·oijspf(~n,dof tar in k.girn2 and ~ggregal.e~ in J.T1J per :1 0 m2 for a surf~ce
dressing course' 'l.l.ni1l1Ihick. The initial voids may be taken to be 50 per Gent and voids
after final Compncl.ibll h.vlt:rafficmay be assumed til be 20 per cent. TIle whip-off due to
tra ffic is. IO.,pericenJ.Dind+ should form 60 per cent of final voids. Specific gravity of
tar is 1.2. (12marks)

(n)

Two bitumen samples, A 311d B have the same penetration of 85 ~t 25° C. However, the
samples have different softening points with sample A having a ring-and-bali,' sofrenlng
point of 54'C and while B has ring-and-ball softening point 0[60·C. Plot th6 .
penetration versus temperalure charts for the two binders and calculate UIC penetration
index (P,) of each.

By extension of each graphi determine tbo Fraas brFnking point for each bilurqcn sample,
Which one of the two binders would you prefer for road construction in bot ateas'! Give
reasons. (lj marks)

(b)

(10 marks)INSTRUCTIONS: I. . Alllquestions can)' equal marks
2. ' An~wer any T.f-IR£E questions.

Penetration test
Ring and Ball softening' test

(i)
(ii)

DATJ];: 18FKnRUARY, ZOiOI
I

(a) Briefly describe the following tests carried out on bitumen, staring the relevance o[ each,
TThfJ.G:1.1.1.5A.M. ·-1.15 P.M.

, .

A field sample cored jj-olllithc compacted layer weighed 3680g in air and 20GOg i.~lwater.
By carrying out the necessary computations, evaluate Ihe mix for the degrce~f mix.illg
and degree of compaction achieved in the field. 11,e specific gravity of hilu IT)en is l.lJ1.

I (9 inarks)

~~SITY OF NA!IReJBI
, I 1

Ei~g~-t-e-9-'p-c------+--r-::'Yc:-o-::b-Y-W-C-:i-g:J::.;lt~-=--=--=--='---_-_-]i;-_cc_iJ_T~_g9viii~-~-_.=~::~~1
Coarse 60 2.60: I

L~:...:-~:::~;..::::r~ -;-----,_.::..:~~ ;:~~ __ ._L ..__
The bitumen content [or ule mix was 7.5%

I
I
'1

'.. \

Fl.I~h:SEJ\1ESTER EXAMINATlONS 200912010i l. I ---

TJJlRD l'nARJi.:XAMD-M"]iu:GN8 FOR TEE DEGREE,OF BAClillLOR OF SCmNCE
------ ..-. I' ]l!_[CIVILENGINEEIUNG

'I
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c)

1)

Define two types of emulsions in common use. Also explain Ole action of
emolsious. (8 marks)

Briefly describe how the following properties affect ,the quality of rock for
road making:
i) ,; Mineral composition and decomposition
ii) ;, Grain size
iii) Rock structure
iv) r Recrystallisation

i' (8 marks)
How dfes adhesion of bitumen affect road construction and performance? (4,ntarks)

n)

(6 marks)

What is cut-back bitumen? (4 marks)
Explain (he following terms in relation to cut-back bitumen:

Rapid curving (RC) .
Medium CIJIYi[ig (MC)
Slow curving (SC)

i)
ii)

b)

a) Mineral aggregates call be obtained from either natural or artificial sources.
Explain the manufacture of the following: .
i) 1 '. Crushed limestone
ji): Oraded crushed sione
iii) I Gravel
11') . Blast furnace slag

QfmsnON J
!

A contractor on a roae! construction project in Makueni Counly plans to establish good
borrow sites and quarries to provide materials for construction.of th~ road surfacing,
base and subbase. According to the pavement design provided by the CUENT, the
surfacing will comprise of asphalt concrete with a single seal surface treatment as
wearing course, the base layer will be constructed of gradied crushed stone while
subbase will be made with cement-improved gravel. I f

. I
The section traversed by the road is generally rocky, withlrock outcrops prevalent at
numerous locations near the proposed road alignment. Tests carried out on the
alignment soils during design also suggest the presence 041alel'itic gbvel (rnurrnm)
although pockets ofhighly active black cotton soil have bfen. nbl~d rllong tb~ section
passmg through the flat plains on the lower altitudes near KaitiRiver. Sand IS a
common feature everywhere. , I '.

. i I 11
Explaining the reasons behind each test, discuss the tests ~.ouwould propose to prove
materials for surfacing base course, subbase and subgradefor technical compliance.

! (20 marks)

(10 marks)

1. All questions carry equal marks ..

2.. AnswTr any THREE questions

QUESTION 4
(14 marks)

INSTRUCTIONS:

Which ofthe two binders' would you prefer for rord construction? Explain.
ITIME:l1.l5 A.M.-1.l5iPM.

FC)!:345: CIVIL ENGINEERING MATERIALS II

DATE; FEBRUARY ]7,2011
"

FIltST SEMESTER EXAMINATIONS 20101]011

THlRI? YEAR EXAMINATIONS FOR THE DEGREE OF BACIlELO:RDF
i SCIENCE IN CIVIL ENGINEERING

b)
UNrVERSITY O'F NAliROBI

a)

I
I
: . I

Briefly describe the penetration test, including a rough sketch, as clone on
bitumen. . (6 marks)

I : ITwo bitumens have the same penetration of 85 aL 25°G, but different softening
points. One bitumen (A) has a ring-and-ball softbnillg poil1~of 54°C and the
other (B j bas a ring-and-ball softening point of 69°C. Plot (he
penetration/temperature charts for the two binders andle~lcJdate the
Penetration Index (PI) of each. By extension of the graph, illelenninc the Fraas
Breaking point for each Bitumen, i I .

QUESTION 3

Skani: Kwa hisani ya Eric
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Coarse aggregates
Fine aggregates
Filter material
Binder

,
Describe the basic: properties and functions of the following components in a
bituminous mixture: :

, :

(b) .

i
State file advantages of asphalt concrete ill road construction. l

I

What is asphalt Concrete?'(a)

QUESTION 4

Plot the per-tempera lure cham for the two binder" ~n calcnla]e the Penetration
Index (PI) of each. By extension of each graph, determine lil~ir Fraas break in.1i
points. Which binder would you prefer for hot are~s, why?! ,(8 Marks)'

(c)

Dif£~rentiate between rapid, medium and slow carihg cut-bocks. (<'1. Ivfflrk:;)

What are cut-backs?(b)'
(4 Marks)

Prime coats
Tack coats

Define the following terms in road surfacing:(a)

QUESTION 3

(1'2 Marks)Specific gravity of bitumen is J .2.

Calculate the rate of spread of bitumen in kg/m2 alL aggregats in ml1101111for i
surface dressing course 12 rnm thick. The initial voids rnay be taken to be 50%
and voids after final compaction by traffic assumed to be 10%. Whip ..olJ d ue La
traffic is 10%. Binder should form 60% of final voids.

(c)

(5 Marks)

Page'10f3

Ddille surface dressing/rreatment in road construction,

Stai<lhree functions of surface dressing.

(b)

(i) Explain Ihe lise ofpre-coated chipping carpets iin road surfacing.

(ii) SI,lIe IJ,e advantages and disadvantages of pre-colonial chippings when
compared witl: surface dressing.

(8 Marks)

(a)

QDE3}'ro ~ 2

(25 Marki) .'

Describe the tests 10 be carried out on granular materials for base and subbase. -

How should tile binder spray and chipping spread rates be controlled in ule'fue.ki
c1lu'i,_igconstruction?

(b)

(c)

Describe the tests to becarried out on bitumen and aggregate chippings inorder fo
specify their use in ~urface dressing. . '

(iI)

You have b~efl 'appointed a materials Engineer for a read desig-n project. You are
required to ~01\9uct tests on materials for surfacing, road base and 'subbase. Traffic
studies have been completed and iris anticipated that the pavement will be constructed of
surface dr~:;l;illg over granular base 8.!1dsubbase comprising natural' gravel.

QUESTION 1

---_..-- ~".."
Answer HIly TID{'EE Questions.
All Questions ca:rry EQ HAL marks.

.lNS1'RUCT'JONS

What are emulsions and where are they commonly.used?

Distinguish between Cationic and anionic emulsions. Also ii~t !y!Q advaruages
and lwo disadvantages of using bitumen emulsion in road cOllslTuction.

, " (9 Mnrks)

J/ The bitumen samples A, and B, have the same pen?l.ralion orlss at 2S"C !Jut
different softening points. A has a ring-and-ball softening point of 54"C while P.
has 60°C.

nATE; FEjBRVARY2, ~012 TIME; 11.15A.M. -1.IS!PM.
t Z1 sf a. ..~ ;au LI JZI!I. _.£-"1001,", I .•. bU...... .,....,

FCE 345; CIVIL ENGINEEIUNG MATERIALS IT

.FmST SEMESTER EXAMINATIONS 2011/2012

THTRl) YEAR EXAMINATIONS FOR THE DEGREE OF BACHELOR OF
SCmNCE IN CIVIL ENGINEIWJNG

UNIVERSITY OF NAIROBI

,00C/I,_:t\ . '
".:,.. ~.,..,...,~-;;.?"'"
.3-/ //./.."
j V .'\

-:.-
'-".

..J'__::--. ,--',
<,'

\ "
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***:f'*:f;*;f:*~:

(9 Marks)Jile, specific gravity of bitumen ill 1.04.

Using.necessary computations, evaluate the mix for the degree of mixing and
degree of coinpactionachievcd in the field.

._ 2.60
_ 2.65
- 7.70

COfUSO
l:jl.lo

_. l'ilter

,
The specific gravity of the.aggregate were:

The bitumen content for the mix was 7.5%.

% passing
100
95
80
65
45
35
22
10

Sieve size
20 rum
j 1111fll
) 0 mill

6 nun
2nun (rl~.7 j3S)
I.nun (No. J <I 13$)
Oil75 mm (No. 36 BS)
O.07S (No. 200 1;1S)

, '• I

A saruple of Asphalt concrete (AC) CIIL [rom a completed road weighed 368Qg .t11
air ,ul.d2060g in ware). .siel/c analysis 011 aggregate recovered from Ihe sample
recorded [he following gruding>

(c)

Skani: Kwa hisani ya Eric
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Determine the Plastic Moment of Collapse (.lvIp) for the 2 beams below: ~
(15 1v~arks)(a)

No.J

With the aid of a Mbment-RotalioJJ Graph sketch, describe slende], semi
compact, compact and plastic sections in. Structural Steel. (8 M~-ks)

(li)

(i) For the idealized steel section below, [llustrate and explain the .
phenomenon of Plastic Hinge formation beyond Hie clastic limit. \

E4.P1'-. ~-~ f~ .(8 Marks)
~r-~~-=:J-'-__'_'i"-'\.

_JL F=' '~0 - ,

S
I. c'1 -' 1\., ( ,I til'j", );'''-1';)((' [Iir,.JiH u.: L .'c: ,.e-I> - 0'\7110111) U I, ,n IJ . -

(b)

Illustrate and explain (with a stress-strain graph) the cljaracleristic "ductility of a
steel section", (4 Mafks)

(a)

No.].

Describe short and intermediate steel column charact.eristics, ,
(0 Mnrks)(ii)

"(5 Marks)Data: Pv = 350 N/mm2

For the l-section 254 x 254 x 167 Universal Column, confirm if I.h,(;
section.is plastic, compact or semi compact jf it is a Rolled section (*Usc
Tables attached as weil as Table II from BS59SC) .

(i)r»

Data: Youngs Modulus E= 205 KN/mJlJ2
Use Universal Column Data from SD.Msheet attached.

\~\~1;

(ij)

,
Determine tlfatUlC column is within U1e elastic range if the potential limit
is 350 Nlrhrn7. i . (7 Marks)

I I
. I

Dele.rmiml the critical Buckling load. (2 Marks)

(i)

Usi.llg Eulers formula,

A 254 x 254 X 16'7Universe\!column, 6 meters long is adopted in a steel frame:
I
i

(u)

li!!J..

(3 Marks)
n".B,

F',_-L
" (L/1)~'

OJ) 'SllOW that the corresponding critical buckling stress is given by

(i) Fr.om firs~p.riJlcip1e~, determine that "Eulers formula" for critical buckling
n2El

load fora long column, is given by ~r '" --1"- (15 Marks)
I .J,

(b)

(2Marks)Define UJ.eterm ":bucklillg"li11 steel columns,(a)

. No.1

li'lRST SRJ\1ESTER EXAMINA'I10NS 2010/2011
i

JT:nW) ygAREXJ~MTNATI9_I::1SFOR THE DEGREE OF13AClIELOR OF
SCIENCE illCIVIL ENGINEEIUNG

i
. I

F,cg 331: STRENGTH OF MATERIAL-- I --------
1 1

DATJ~: 15FKI1HIJARV 2011 I TIME: IUS A.M. -:U5 P.M.
':. ~!!.-! __.~..5...... ~/f'?l,9?__y!. i, .!~.LLII i ...J Lt.i.....I ..J .,.f .S.I.! .._LouL ..u ...~._._.. '~ ~__.,'L.(._~__.. _Bb_.«L. "". ,~LL ...!f!'!!:\

I
IN STHUC'XIONS i
Auswer ['(l(rubcr 1 nndmny 2 oth~l' Questions.

UI\lfVER$ITY OF NA.IROBI

.,r·
I
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3

(b) (Calculate :the principal stress at A and the unit [wist of the cross
isection. ('iOmarks)

(a) .Calculale the combined longituciinal stress due to F and Mx and the
\shear stress due to the twisting moment at A. (10 marks)

The r~ctallgular hollow section in Fig Q5 is subjected to the ('0 IIowing forces
Axial for,ce F =.'1081(N applied through the centroid Mx = '12,3 KNm and a
torslonal moment T :=: 4.05 f<Nm.

t1.

(6 marks)'Calculate Ihe critical stress at buckling in N/iTllTt
.~

'Lvv =: O.730E6mrn·l,

(U) T1,e strut is made of steel 2,Om long and tile angle section in Fiq Q4B
with the following section properties; ,
A='19'151T11n~, 1;x=lyy=1.767E6rnm4, luu=2,8D3E6Illm4,

I,"~

. ,
.' " ~
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@

,CII,)ck u lIilUablIUy,

=.-.~
:?r)3)( 2a~;(71_._.ro-.-.~=._.H

(3 Marks)Illustrate the lise ofTimber spaced columns,(lJ)

(9 Marks)Describe briefly 3 design methods for Structural Timber.(it)

No_ 5

:174.7
~12,1I
:170.5
aee.e

28:l.9 JSD
2~OO 352.5
r01:1.1 a::)o,~
J:5It.1 ~2?J
I:lU.9 ~20.~
117.9 31U
se.s :101.9

aose cos x 2a:)
31)5 I( JD5 x 2~O
uosx005)( l!1fl
lOS >( J05)( 156
aos x:)05 x 137
~05)(:)O5)( 118
:lOS:.: 305)( 97

;What are 2 causes of Residual Stresses that remain iJ1 a steel member
section after it has been tanned? (1 Mark)

(iii)

:122.1
::II ISA
a \~ ,5
:111.2
~9;2
:107. ~
acs.a30kN

, L ItN1mC..-....,.-----."h<-~·
:Jr, ~ }!. f-

;:J1l) ,3 J'Y'

\

. ,~p: .p r
~cI) . ~ w KN/,,,,. . - ~% r--,/"~ v-Y}

'1-' I ----'----

~ ~ ,"
i

~~ +.---.---+-.--1-
r -fY1 I(y) L" I'"

k!>'m mill-
;l~~a.( ,IOil :( 034 I una.s "7~.o
J36;,( ·IOti x 551 I 551.0 ,1:)S.6
:155", .'06)( ·161 , . ·157.0 ~36,fI
.lS!l ~ ,If)o J( ~~j • aua.o ~19.0
.1!i6;.: ,100:( J-tO j 3:)9.9 ·IOCI'-'
:1:'11<·1001(2&1, 2&7.1 ~9:U
.156", ,Iuo >< 2351 2:15.1 aor.o-- --
L'iii .. ,\1;/1:.: ~'.I'lf 201.:1 J'lU
J::dlC368)( In, ITt.\J JI;fI.2
:156 l(,.?tlB x ,S3 I 152.:.1 .3tl'i!.O
~~6 x 3tH\ x 129, 129.0 ::IS5.0

DIMENSIONS 1

:i<Jr.lIoll -;;:::-'~'~'-"'-"-I-;':~-'-'O-(-~~=-;:~1-8Jo-(-:·I--su-,,-a~:::~~-
t:"'~I\'tlljrjtJ(\ --1--"'" R<ll.fiu) IHIIW,)u{I L,IC.1IOll(;kUno I !)>t!illl!lI'J --·1-~

Wilt, f=IM(j1l Filiub --~~.-t----- P'jI ('1Ir

Filln.gct Woll fllcJ tlok:h M.IIII Il)IU,U

U WI 0" CI'~~:"","~~'J
llyn n1dU'mill 111111 mill 1I~,j 1111 JII'
J---f- . -----.;

.1'.!4.0 -I7,e no 15.2 'WO.2 21~ f) 10 bti <:'O{j 9.(\1 :: 52 a !HI
418.5 -12...1 87.S 15.1 190.2 :1 10 8 eo 23 :20() U4 2 n 4.·HI

~(~;~~~~::~~:~:!:~ ~~~:i~7; ~.:~ !~~ ;UoZ ~~ I ; ~~ ~~~
.)OJ.O 26.0 n.9 15.2 ~Do.2 ·110 \0 n rs 200 DO :.!:.I5 U!lO
asu.a 22Ji !:I6.5 15.2 290.2 s 47 I~ u 1:1 aoo 52 1 2 J I I) 05 I

__ . __ ,.. :Hl·U! I~U :10.2 15.2 '200.2 ~~j IbU '\1 400 liSJ '2QU a (iLl~I~--'-- ---,----~-,-,-,-
re.s (.fO 15.2 '2UO.2 6.94 1711 10 100 H 2.19 IU8
\.\.[ :!J.fj 15.2 ?W,2 7.';:\ ~r).;! ,') I'X) ·Ie) 1 '1./7 12.:5
12.:3 20.1 15.2 290.2 0.9S aa.e P I"w Jtt 2.16 H.I

I l----1--f~:.~ .._,,_-.,_290.2 10.:;0 27.9 ; ~~~I~.~~
:.!i1.!1 ·H.I 15.2 2'16.1 3.0; 9.21 IS I:iB so UH 1l.IHJ
23,0 'Jl.7 15.2 2'16.7 -4.22 10.7 It I!)U S.f 1.91 7.9~
HI.! :JU IS.:! 2~a,7 5,01 12.9 l-l I~IO ,HI Urf 9.·\()
15.0 '2:i.O 15.1 2·18.7 8,2'2 15.6 10 I~a 12 I.fI~ n.s
l:l.u 21.7 15.2 2-44:1 1.\2 17.9 Ii IS8 3i1 1.02 I:J.J

~}~O :~.~ :;:~ ;~~:~ :.:~~ ;~:~ ~ :;~ ~1 ::~!.:~:~,
!·--'-"-"-'-5-'~'-"-'-+-'-'-'-_I+-"-'-"+-"-'-"+-"-.'l ~-;;--;;;-~~~-;;~ ~Il r.se 9..15
25.j)(25~)( 132 1::12,0 nO.:l '2l1l.J 15,J 2:;.l '(2.7 200.:1 s.re IJ.I 10 I:).\:J~ 11.5~ 1\.'1
254 x 2S-t x 107 101.1 2ti6.7 25d.o3 12.8 20.5 12.1 200~ 6.31 1's.6 !I I:J.I a~ 1.51: H.1
2;:itj;( 2's( I( 89 UU.9 260,:1 25d.3 10.3 11.:'1 12:, ~OO.J 7.~ I HU t 1:U JO I l.50 ItUJ
:!5-l x 2!!~ ~ 7J 7:1.1 ~:I<4.1 2HB 11.0 1-1.2. 12.7 ~OO.J 6.!lu 2J.:1 d 13.. '2~ 'U!) 20.~
I ---'------I-----~-, -----. -----

Od.1 222.1 20C1.1 12..7 20.5 \0.2 \~O.8 :5.1U 1'~.7 8 lit) J1·11.2~ I·U
71.0. 2\5.11 206." 10.0 IU 102 160.8 5,9'1 re.r "1 110 ~/J I.i:l If.?
OO,U 20!l,(1 205.d 9,i \0+.2. 10.1 loo.a 7.2S 1"1.1 71 110, 20 1.2j 20.1
~2.0 2061 20~.3 HI 12.l 10.2 IdO.R 8.11 21H 6, II\} .'l.j 1.10 21.0
·Ui.! 203.2 ~()J.(1 1,2 11,1) 10.2 160.8 9.25 2l.;l . 61 110 21 \.Ill zs.e

~-.-,S-2-<-3-7-j37.0 ICll.a 15<4.-4 11.0 II.S r·-7_-'---'2-,-.•-~~;--.I--;;~;I;;-;~7
15';!'~IS2A;}() ~IO.O 151.6 It..!,!) a.s ~." Ttl 12:1,0 Il.I3 11).0 51 a.. te \;,oor ;)0.0

LI~2'(ISo!;.(2J :!1.0 lti:i!,~ 1::i:!.2 s u Ii.~ 7(1 12J.1l 11.2 ~1.3 5 (I.j ',6 p.OUU JtU

(8 Marks)Illustrate 4 factors that affect properties of timber.(i)(a)

(ii)

C::=l=~~t·
I C

-"./1-­
~::J

I
o[~,

What assumptions form the basis of the Bernoulli theory of pure bending?
. ' (2 Marks)
,
~With the aid of a sketch, illustrate why beams and columns are haunched
:in portal hm1)(:~s_· (2 Marks)

, (i.),(b)

UNIVERSAL COLUMNS

f)il."c!/l.\·iOI~j' (/IJiJ p"opcr,it:.\'1172
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The composite section shown in Figure Q.5 consists of timber of width 50mJTl
depth J 50mrn, reinforced with two 2mm thick plates on each vertical side .. TI.1
moduli of elasticity are:
Steel E, = 200 kN/mm2
Timber EI = 4 kN/mm2
and the yield stresses are:
Steel o',y = 275 N/mlU'
Timber a,y = 7 N/mrn2

a) Transform the section to an equivalent timbt:r'section. (9 Ylmarks:
b) Determine the maximum bending moment that the section can carry.

(~ marks)

(3 marks)
(3 marks)

What is a composite material?
What is a transformed section?

What are the main causes of deterioration of timber? Explain briefly how the
effects can be mitigated? (6 marks)

A solid timber section has cross-section dimensions ofl 50rrun x 50rllln. It is
used as a strut with a clear height of2.LlOm. The lower end of the strut is built
while Ihe upper end is fixed in position but is free to rotate. The timber has rh
following material properties:
Modulus of elasticity, E = 3,600 N/mml
Yield stress in axial compression, 0", = 6N/rnm2
Determine the load at which ,Ulestrut will fail ill axial compression. (17'/, marl

ii)

The beam carries a concentrated load 'P' at mid-span ofilhe beam with a contact leng
300 mm. The ends of the beam are restrained against rotation.

I
i) Determine the value of 'P' that will cause the buckling of the top flange of the

beam when the beam span s 2.30 m. I (J I '/, marl
ii). Establish whether the load that will cause the buckling of t.he top flange of the

beam will also cause the buckling DUlle web. (J 2 marks:

r, ='/.14· 600 000 mrn4
" ),' , ·1J:,,-,'11,700rnnl .
D";305mJn
d=YJ.6 mm
.t =518 mill
v = 0.3

-Secondrmornent of area about x-x axis,
Torsional constant, . \
Overall'depth,
Depth ofweb between fillets, '
Thickness of web,
Poisson's ratio,

':

1

E'" 210kN/mm'
a, = 250N/mm2

Iy"'I,230,000mm4

A steel l-section is used.as a beam as shown in Figure Q.3 .. The beam has the following
material and' section properties:
Modulus of plasticity,
Yield stress,'
Second moment of area about Y-Y axis,

Q3.

the yield stresses of the.two elements are
; o'y, = 100 Nlmm2 .
, ayb '" 175 N/mm'

If the tube i~ stiff enough to fail by material yield without buckling when loaded in axial
compressiou, determine, the failure load, (18Y:.marks)

;

A tube of iAtt:rnal diameter 50 mm is made of two elements 'a' and 'b' as shown in
Figure Q.2.' Each element is 211]m thick and have the following moduli of elasticity

~ ]i. = 150kN/rnm2
.. Eo= 200 kN/rnnl

iii)

(3 marks)

(2 marks)

Q,2.i) Explain Ul~difference between R slender column and a stocky column,

j i) How CM one lei I I.hata column is too stiff to comply with.Euler theory?'

(6)1, marks)
(6marks)

a) Cob:
b) Lime

Q.5 .. i)
ii)

jii)

Q. I .i) Explain hQ~ carbon controls the properties of steel? (5 marks)
ii) Whut is lh~ difference between cast iron and mild steel? (6 marks),
iii) Explain the foil; ofrhe-foilowingclements used in the blastfurnace extraction ofiron

from its ore,
1

Q.4. 1)
TIME: 11.15A.M. -1.15 P.M.DATE: 16FEm~UARY, 2010

INSTRUCTIONS
i) Attempt A,NY THREE questions.
ii) All questions carry equal marks.
iii) Non programmable electronic calculators can be used.
iv) Cell-phones must not be operated in the examination room
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(5 marks)

Dillgr!l1l12

/

k'-- - ",) " .I __ -·71"" ....-·"--- Lu 'I((> 2. ! --I 'r~ ,I'\' j iVl 12 1

, ,~ IV .------~--Ir;r
17ff j /

\ \",3 i225m /1\11 '2
I

("'1" i r__ .:..J..._ __ ~_lD I'H,_-

Cut section

(5 rnurks)

Diflgmrn :It? rYI_'._ '8 >vi

/~--~ ,

. _ ii" - •
I '" , / 1"80.. ," I

~

,-rk~7/1(FI
10

"T ' '1('
7

r..J:J- --*
'1'''Fill section (k_._ r,t) { ---_,,_I _(i)

, 1

Determine the side widths lind areas of the following cr~)ss secliO[ts:"

I
(a)

QUESTION TWO (20marks)

M 2S.0.cn25,Om

D'/ ___j
H

.', . 180m
./ ~"'IGC

l8.0m',

'---:::;~'IF

P = 1015.35

,L 1,/>"/""'"''''......"' ..
/ ...."'..

B
18.0m

]!"edrwed lel!fiIu7.Lgri4.fQ!ners (rl'!) ':
IS.0m. A ",,1101820 C"" 1016,28

'I 1
B= 1015,42 H~1017,00'
C =0 1017.13 J ~ 10'16,09

, 1 '
18.0m D = 1017.51 K;=o.,1015.58

E = 101874' L= 1016.27
:lVi = lOIS,S6

lS,Om

J 25.0m E nRiL(LlA 25.0m

(U)

Ileight:~ were dotermined jill' twelve grid intersections, ell a building to. enable a
contractor to estimate the volume of material to be excavated. If the formation
level of the building is Lo be IOI5,OOm, calculate tile volume of material to be
excavated, if the site is divided lip into triangle, as shown all Figure l.

(11)

-- St;;£3-----' ! Hodz~)OJal ~ .
._§tatio.!!:_~_ Rea(~_ S~'ldia.Reading;; (In±VfrtkaI Angle

H , 37° 30' 1.230,1.720, H.10 l' 6° 48'

--lC--'-- j'-- 92° '50"--- 1.7640,2..328,2.$92 -802S'
.------_. --------~---

Table I

(i) '(he reduced levels of 11and K
(ii) 'he gradient between Hand K

(it), The following readings were taken,onto a vertical staff, [rom an instrument
stalior; X, from a theodolite wilh a multiplying ~onSlllnt of 100. Using the data on
Table ,J and given that the height of instrument at X is J :67 m and the reduced
level o;rx is 890.68 m, determine>

QUES1'lONlONE (~QJHarl(,,)_

lNSTRUCT~ONS
Answer any three questions.

n~T~~: li'~n~l(f.!A:RX3! 2012 ___ ,_ _ TI[YIE: 11.15A.M. -1.15 P,M

FCE 351; ENGINEERING SlJRVJj)YI~G II

rrrmo YEAH. EXAMINATIONS FOR THE DEGlillE OF BACHELOR 01<'
, SCIENCE IN ENGINEEHING

I
FIRST STI:ME;O'EU,EXAMINATIONS 20ll/20U

UNI,VERSITY 'O'F NAlHOBI
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('I.61nal'b)

/

E
34857.26
34538.87

Datum cOQrdinat_~If.
~latiof.\ N (metres)
Tr 22 -19382.71
TrIS .. 1940178

Dat1.un,J2~1!£mg;~
Tr 22 - TJ'15: 53° 04' 42"
II 22 - Tr 14: 2G3°55' 00"
Tr 18 - Ix 14: 89° 11' 4.2"
Tr J8 - I.r 17::)510 55' 48"

Traverse dis,ta.nces:
II '22 - Tr 11: 18/t618m
TI11 - Tr 16: 157A56m
II 16 - 11' J2: 154.761m
Tr 12 - Ir 18:212.2'77rn

Sl:alio~ Observations Staliol~ Obseryations
f\,.t Tr 22

I
11.1:1'1' 12 i

IrIS 83° 02' 35" TrIG I 81037' 45"!
Tr14 263052' 59" ·Tr18 I 3480 52' 42"
Trl1; 170" 11' 37" I

I
AtTrll I AtTr18

1168" 52' 34"Tr22 350011' 37" Tr12
If 16 261034' 04" Tr14 ' 89" 09' 50" /

Trl? I ~1510 53' 46"
;\tTrl~

.
T:r11 i 81°34' 04"
Tr12 i 261" 37' 39"

Using tile following data, compute the coordinates of various control point'; in the
.traverse Use the Bowditch lmethnd 10 distribute the misclosrue. ';' .

(b)

(a)

QUESTION FIVE (20 lllar!lJl)

Explain briefly why the closed traverse is regarded as more suitable for prevision
of control than the ray trace traverse. (II !narks)

Identify the circumstances under which it may be necessary to carry out rebiproGRI
levelling and mention errors that arc minimised by the procedute. (5~lT1arks)

Discuss briefly the application of lasers in selling out works in Civil E.ngir(hcring.
(S,l1Jark,.)

(<I)

,
(Sill1arb)DisCLISS the main precautions that 'lTC taken in Precise Levelling.(b)

(c)

Explain about the informalinu thai may be obtained by plotting tljc mass ..hiu,J
diagram directly below lhe Ilonr!iI1..ciillalsection of}\ centre liue.of •.11lJ'OJ)()sbrl. I I ....· . .
grade of a road.or railway crl1struction, '(5!lllmks)

(a)

Q1J:ESTION FOUR (20 marksl

,~

['1'0111 C. To D8, D?, DIJ I'lJlcl'lJ10 readings 2;324111, J.S27m, J.713rn and l.534111
were obtained respectively. ! . (10 marks)

'I

1\. slope of I in lOoiis to-be maintained between invert levels at D3 and D4, which
arc l?O.OOrri apart, for aisewer that is to be constructed with invert level at D'l at a
higher elevation than that at J)J. If the invert level al ))] is S8g.ROOm,determine

. I
fhe height ofsight r:aiJ.~,above ground, at 1)3 and ])1.1 if a boning rod, 3.50m long,
is to be used ciuring' construction. (6 marks)'. , .

(c )

Reduce tl.e [olloy/ihg IcveJJiil.gobservations and determine the reduced levels of.
various staff slalioJ~s, given lI:I~llhe reduced level oflERA is 890.300m above
Mean Sea Level. ,

From 1\.: To bCJlCI~lll8Ik; Tl':IL. and staff stations D I, D2 and D3 readings 2.65£1,
7..J5Jm, 2.2&lm al~d I :!.SOm 'were obtained respectively.

I
I

From n. 'ro D3; DB, 06, 07 .H,ld lJ8 readings 2.123;1\, ~] .nom, -l.78firn, J .753m
and 1.9G2m were obtained respectively.

(b)

(II marks)Determine the difference in elevation between A and 13.

To staff at B
2.897m
4,190rn'

To Sl8fJalA
2.054111
33451]1

From TJ
From K.

The following readings.weroltaken [rom two different level stations (H and K)
:>.1 I

onto two staff sla1.tC)11SA and' n.
I

(a)

rJ.:mrlZQ..QtLIlm'ffiJLClo lil:ll:10.),

• L

00 marks)

I Table Z
I

[crosssedi.on~:AT-rPJ~'~1 Ag:i .A5~6
~~\~~~~;';'~~0~~d---~·52.78~r64j3 7890---67.20 - . ;7~i.~18- 85.32 -.
t,J. ~_______ _ ~_' __,_

. i . "
Given the f()lIowingicrtJ~s secilional areas (as shown on Table 2), determine the
volume ofmaterial bctwee» sdctions /-\1 and A6; using the Prisrnoidal formula. The
distance between COl1SCGiltivc:~rosssection in 20m,

. I I

(b)

Skani: Kwa hisani ya Eric
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A slope of 1 in 100 i:i 10 bemaintained between stjlffstatioJ W2 and W'I·,wh
are 120m apart, for a sewer that is to be constructed with thel invert level at W
a higher elevation than that at W2. lfthe invert leyel at;W2 Is 573.500m,
determine the height of sight rails, above ground, at wi and W4 jf a honing rt

. 3,00m long, is to be used during construction I (4 Marks)

(d)

from Z:

'From Y:

From X:

Determine the difference in elevation between D ajld E. ('\ Marks)

Reduce th~ following observations and determine \he redLlcef.1 levels of variou
staff stations, given that the reduced level of ABDI is 575.00pm above Mean ~
Level. I· . r

To beJlchm~rkABDI and staff s'lati(lllsF:J,'f1a~d'W2 read lng:
2 534ro, 2.4?-3m, 2.0 18m and J.828)ltnwere oqtamcd respecllve

) ,

To W2, F4, iWS, F6 and F3 readingt 2.0QSm, r1.842m, -1.687rr
1.573m andll.926 m were obtainedlresp<,<ctivrtly.

To F3, F8, 'YV4and rto readings 2'~f31m" 1.792m, 1.632m and
l.'135m were obtained respectively. '. I .(8 :Mtlrks)

(c)

2.385m
3.186m

1.954m
2.7~2rn

t
From X
From Y

To Staff lit ETo St~lffat 12

(b)

I

Explain the circumstances Linderwhich it may be n!cccssary to carry out ret.ipr:
leveling and mention errors that are minimized by \l1atprocess, (II tvllirks)

The following readings were taken from two differrl>ntstatioJl? (X and Y) onto
staff stations D and E, . .

(a)

Question 'fw.Q..G~ratks)

(6 Marks)'

ClOSS Section 0- n
Area enclosed (m")-:Ot75 58.92

Table 1

;~;ll~~~'~'t:~~;~;erjal~betweensections A and F, using the Plisn~oiclal forruu!e. '1
distance between consecuti vc cross sections is 25 ITI.

\ '-'j

Page 1 of4

(8 Marks). _ .....

.._--".-- ~~.::~-~~.-~~~~=~~~~~~~~~'~'"'.=":
. (1'1 II 0 I I .. .y._ _ ...._",_t..~.. .. -..r . I - - - _ ..- _--" •

~,,' , I ~. <L _ ......... _ ...... _ ....../~- ._:\. . ' . .1 ." '2-'25-':'" ._.,._...-.. - ..~ ... -:_.J-'"....:=~.I~"~~~.~~--.•~.~~t_~;m- ~:=:~_:_:?\.l~::=:- ...

Fil!u!'c 1

(b) Calculate the sidewidths and area of the cross-section on Figure I.

(6 Marks)

Explain briefly tile following terms as they are used .in connection with mass-haul
diagraj"ns and indicate their relevance in road construction projects.

0)' "Haul
(ii) ~Limit of economic haul

I •
(iii) .Bulking ana shrinkage .
(iv) lBorrow

(a) ,

,INSTlUJCTIONS
Amwcrrny rHRlm questions ..

QUtl8tion One (20 Marks)

ltIRST SEMltSTJCH.EXAMINATIONS 201012011

rnmn Yli;AREXAMlNATJONS FOR TIm DEGREE OF BACHELOR OF
-, ISCIENCElN CIVU, ENGlNJi;ERrNG

FeE 351: ENGINEERING SURVEYlNGII

DATE: 18 REURUARY 2011 TIME: 11.15A.M. -1.15 P.M.. ,
. X i ~ 4 II W% 4 a .~6

t

: UNIVERSrnV'OF NAIROBI

"

/"., -,

Skani: Kwa hisani ya Eric



PEine 4 of 4

(.16 Mhrks)

**"'*****

(m) "Ji!
35733.25
36245.17

Datum DeaU!!g,1
T19·-Tr8: 319n23'50"
Ir 9 - 1'r 12: l02° 38' 50"
Tf 1 - IT 2: 336° 23' lY'
It J·-Rg 3: 136° 18' 13"

230n 32):42".
336" 24' OJ"
136° t'9' 01"

,
I

21.7059' 03"
SOn32' 40"

21\6044' 12"
37' 59' 09"

Observations

AtTrl
Tr14
Tr2
Rg3

AlTcl..1
Trl2
1'11

AtTr 12
TI1J
TJl4.

Station

Page 3 of 4

:ti
·97835.61
-97652.63

Station
Tr9
TIl

DlItumCoordinstes

Travcnc Distauces
Tr 9 - Tx 10: 115.076m
TrIO-Trll: 124.382m
Tr 1 J - Tf 12: 107.985m
Tr 12 - II 14: 14lJi72m
Tr14-Txl: 123.516rn

A

(b) Heights were delelll~ined for twelve grid intersections at a building site to enable
a contractor to estimate the! volume of material to be excavated. Ifthe formation
level of (be building is to be 672.00 m, calculate the volume of material to be
excavated, if the ;~ileis divjded up into triangles as shown 011 Figure 2.

~_.. ,. ~.- I " _ c __ ...

.._.tl,.s~..L. 3~'::'~;::r,;;;;:':~7~~~.~'n.

J) tL ./ -----'-;-> - \~: ...

......... :Z;)_ ..5>X1.. - -_. - :::..y'.~~~ _ 7'/.<-::_~'.. 2:l.!51:t:).
-> H »>:.........- ...- f. ~ .:~ ~/ ~. ----'---J/j.l ..

I.. /, -- ,. ~:)-!.5J:I'~ ;;v--.:.:-:_ - .. --- ;;;r--:.-::.-- _22'.5~A.
»>: »:_- .---

. . 1<;.~~=1="'.-..~ - -'-"--="-=:.==J-rvf ..-- ..
. 3.0'Q"", ,'::5 30·0r)')

(10 Maries)

l:Ol""iz.Olital Rending Stadta Readings. Vertical Angle
, .~ I
137°30' 1.230, 1.720,2.210 +6° 4·8'
92" 50' 1.764,2.328,2.892 .8025'

Taole"

(i) Ille reduced ldvels bfI-I and K
(ii) T11e gradjb~t b'etwe611 Hand K

Stlltion : Observations

!it 1'r9
Ir8 319°24' 02"
Trl0 94017' 36"
1'112 202039' 03"!

At TrIO
Tr9 2740 17' 35'"
Trll 111048' 47':

At Trl1
TrlO 291048' 42"
Ir12 66° 44' 09"!

(a) The following readings were 'taken onto a vertical staff, [rom an instrument
station X, from a 'lheorJolitq with a multi plying constant of 100. Using the data all

Table 2 and given that the l~'eight of {be instrument B.t X is I.mm aud the reduced
level of X is 890.68inldete" nine.-

I" ','

Using the data given below) compute coordinates of various controlpoints iu tho
following traverse using the Bowditch method 1.0 distribute the misclosura

(b)
QUCSLiO!l Four (20 Mar}(.'i)

(d)

Direct and indirect methods that are used for contouring 00. site plans. !
(.10M~rks)

Qu~stioll Five (20 Mal'll:ll) ~.
I . 6

(a) Make brief comments on ~bstatement that " tile ray trace is not '\~
suitable as the closed traverse for provision of control" - noting that in practice A.

number of basic assumptions are made when a ray trace is used as a rnethdd for
provision of horizontal control. (4 Mafks)

The main sourced of dlTOI j;bdistance measurement using electromagnetic
dislance.measUIi,~g eduipni'elll:. .I .

The effect of Curvature on «letermination of volumes of earthworks.
(5 Marks each)

(b)

(c)

(181.27
(187.01
676.04
682'.27
(186.29
6~3.8S

G
H
J
K
L
M

1\ ~ 678.25
B ~ 682.47
C ~ 677.13
D = 677.52
E = G80.75
r = 675.36

() IlcS(iOJl Three (;to M~l"hlJl;

Make brief comments 01\ the rOllotij)g:. .

(a) How development in.surve instrumentation has influenced methods that are used
fbr establishment of survey.lcontroilletworks. .

Reduced levc18 at grid COlillers (in)

I '
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I,"',
)'

(7 marks)

Horizontal Stadia Readings Vertical Angle
Readings(m) (rn~ , i

135' 45' 2 D2~.2 586,3.]4,1 +6' 40' I
18'10- 10" 1.859,2.838, _4° 25'

I3.826

'~-j''.Station _
_M___ '_~
N
._._---

(a) Distinguish briefly between the following terms;-. I
(i) An open traverse and a closed traverse \
(ii) Modulating waves and carrier waves in EDM instruments. . I (6 marks:

(b) Use the following data to determine the coordinates of POinlslNPr, W)2,1NPJ and NPII, wh
arc new points in a traverse from TKI (0 TK2. The misclosure should br adjusted using lit,
Bowditch method. I

I
I

Thq following readings were taken from an instrument station Ponto a.
vertical staff, held at stations M and N. The height of instrument was 1.59m
antl'the reduced level of the instrument station wa~ 836.S0m. If the
mul,tiplying constant of the instrument (theodolite) is 100, determine:

(i)', The reduced levels of M and N.
(ii)~; The gradient between M and N.

I

(Il)

i . I'
'I J = 'I135.74
K = ·11JI~.85

. L = [l3p8
M= IlJ532I '

(7 mark:N\

I .
1 \S' 0,\"

I

'J

12~~I!~~Ci­
t

\1 IS' 0 !"I i
I
:F
i
\ g'Ohl

QUESTION TWO (20 marlrs)(6 marks)'Determine '(he difference in elevation between X and Y.

Prom station E
2.219m
2.659m

From station D
1.892m
2.324111

.Staff station X
'Stall' station Y

A = 1136.26 E = 1134.44
Ii = J 133.79 F = 1136.39
C = 1136.68 G = 1134.88
D = 11]4.25 H = 1135.57

iThe following readings were taken' from two different level stations (D
J uud E) onto two staves at stations X and Y

(ii)

DATl!~:19 FEBRUARY, 2010 TIME: 11.15 A.M.-US P.M~ "'f m'O, •• ,,~. - •••• = _',
rNSTRUCT~ONS: Answer any THREE questions.

QUll~STION:ONE(20marks)

(a). (i) i: Explain the circumstances under which it mar be necessary to carry out
.~reciprocal levelling and mention errors that are minimized by that
procedure.

FCE 351: ENGINEERlNG SURvEYING II

TIIlTill YEAR EXAMINATIONS IrORTHE DEGREE OF BACHELOR OF
- SCIENCE IN CIVIL ENGINEERING

A 2'2)·0", ]3 '2_';.O 'V\
,------ --/-.-

./ /'
/- __.-

./ /'

~g. 0 A'J> I~·__~._·_:7 /'

../
/'

__.-' -:
/' ./

1~'Oy;, I/'/' /
./

G/" \-1
/ »:

/" ./

\ '6 'OM I /'" /

---
/'"

_/ /-: v
1< 'lS.O,,, )_ ':l5·0M

Reduced levels at intersections (m)

FIRST SEMESTER EXAMINATIONS 20091201D

UNIVERSTrY OF NAJLR01H

lc)
v • I .

Spot heights were taken at grid intersections at a small site at whiph a high-rise buil
is to be constructed (as shown on Diagram I). Using rIle data given, determine the
volume to be excavated if th~ ~orlTlation level is 10 be \ 1JOrn abnye mean sea level,
site is divided into triangles..•

/' ~~.~,\ ...,
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(c)

Explaill the effect of curvalui c OJi detcnnination of volumes (If earthworks. (4 marks),
Determine the side widths BII(I areas for each of the fol.lowing cross-seGtiolls:-

From Q: To D,E,F,G, and Hlreadings 2.601 rn, - 2, J 5GITI, - 1.986111,..1. 885n1 and: 2.(591)1
respecti vely, ~
From R: To H,J,K,L and M readings 2.134111, [,982111, ,1.859m, I ,7'15,n and 1.$17"1
were obtained respectively. .

(6 marks)

From P.To benchmark NYArn and staff stations A,B,C, and D readings 2.8861\),
2.685m, 2.4S8m, 2.234m and 2,763m respeclively. . .

Observations were carried out belween Iwo stations NYA TJ (benchmark and M! to
facilitate the design of a water supply line.

(c)

(b)

0) Han!
(ii) Bulking and shrinkage I

(iii) Borrow
(iv) 11..isillgand falpng or Ihe curve
(1') f.,i'llil ofeconomic ha,tI
(vi) Balancing line.

Describe a method for detection and correction of collimation error in n level.
(6 hl3iks)

(b)
,

Make bricf conunenjs onIhe following terms, as Ihey are used in connect.ion with mass­
haul diagrams ano e~i)liJii\Uleil: relevance in road construction projects,

(a)

(G ntnris)

(l) Direct contouring
(ii) Invert level
(iii)Sight rails
(iv) DigitaJ level.

(14 marks)
(a) Make brief COIllmerits on the Iollowing.-

E
-1863t1.07
-J 8:JYO.28

QUESTION FOUR (20 marks)

8t!.658M
129.4)0111

I~- IA);~ -------4 .~-----r-JY-E----t---/(
~'" . : I i ,II,

""1\ 1o", :2~~ J'50r" ~('?
__ _...:.....:::::r:~_L 1.1-ln /"; .

TK2":'TK5: 103°21'27"
1'10 - TKtI: 266058' 52"

- WIII " .
eli) cut Se>C-11 0 Yt

~~

30JO 09' 20"
10Jo 10' 24"
266' 48' 02"

" ~y\
332" 22' 00"
120 19' 30"

~

T \ .
;.25," '\j,n 3 ..

....f71777T77T'i"P~-77(7J77T~K/ ¥",M,.j1101..{V1d J
'3: IJ-r/r;t(·e

3230 22' 10"
1520 22' 06

'7· '5(Jr'.,7- 501"\
~~I'jObservations

W:t---~~I--~-----~I~---------If-- (;v I

" ~
GI} 'e""Yl/){1"l kl'V, e,.

's,J <'.~H.t,:V\
c;E

(metres)

N1'3·- N1.'4:
NP4·-TK2:

AtTK2
NP4
"J)(S

TK4

AI. NP<I
N1'3
TK2

Station
Al NP3
NPl
NP4

QUESTIO.t"I"THHEE (.20marks)

N .
II 436.85"
u 7~R.JO"

SlHI.ion
TKI -I
TK2

Datum coordinates:

73.332rn
77.5881l1
7J.14Sm

Traverse rlislanccs:
TKI-Ni'!':
HPJ - NF2:'
N},2-HPj

26)' 43' 01"
330004' 3J"
00020' 31"

Datum IJc~rilJg:
TKJ-TK3:
11<'1-TKG:
TKI-JrU: .

S' I
1 •

" tal ion I Obscrvati 011
/\(tKl ,
TKJ 261P45' 03"
TKG 330J 06' 45"
'flU Ol)d 21' 59"
NI'l l"J97 04' J 8"

A[Nrl ,
TKJ 359':0]' 44"
N1'2 . 139':35' 10"

.i\tNI'S
NI'l 319:135' IT'
NP] J'I)OI22' 24
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1680 52' ~4-"
89° 09' 50"

35110 53' 16"

,~
81037' 45"

3480 52' {l-2",

Qbservations

Datwn coordinates:
Station 1i- (metres) .m
1'1' 63 - 6770.23 - 17705.56
1'1' 59 - 6 '789.28 - 18 023.95

Traverse distances:
Tr 63 - Tr 62: 184.618m
1'1' 62 - Tr 61: 157.456m
Tr 61- Tr 60: 154.764rn
'1'r60 -- '1'1'59: 212_279m

~1>_~~3":_,?:~~.:

10~ ;1f

~
, C(
~.-A-111 __ ~ 3_-=--~,_~__ '_ __. ItI'"' ~-f,(;"_ G ~ c t:p;; , ' rn _'I U

l' ii' .
F~L(I

",5",.t<'3 ~ o

:t
!Dr~ r- or"4

: 2.S", Ij,13
I'

\D '/ il1 I z,
rrrr-;rTT' 77T7TrTTlrrr77i71

ctl~ 9,'1J~lq"" ~~'
3.,0", / ;11 2.

I ',n " IC!.,.. 7il
m'7-T7T(l77Ti f71I(1 / "

j)iC\qn>.. I--.~.--~~~~.

Station Observations .station
At Tr 63 'AL'I'1' 60
Tr 65 83° 02' 35" '1'1' 61
Tr 75 263052' 59" '1'r 59
Tr 62 1700 11' 37"

AtTr 62 At Tr 59
'1'1'63 3500 11' 37" T:r 60
Tr 61 261034' 04" Tr 75

Tr 58
At Tr 61
Tr 62 ' I 81034' 04"
'1'r60 I 261037' 39"

1),'''5'''°·'1-1 ;( ,

a. Determine sldt widths areas for each of 'the following cross-, ,
soctions: -

TIME: 11.15A.M. -1.15 r.M

Qg_estldn QE-E_ (40 ,marlr) .

Answer any three ~lueslions.

FCE 951; ENGINEERING SUI~"{EYING1.

DATE: 21ST }i'EBRUJ\.RY, 1.Q06

a. Discuss how methods and instrumentation for est:ablii3bnlerl.i:
of SUrvey Control have changed over the last Century, giyl:ng an
indication of the methods that are currently preferred.

b. Using the data given below, compute the coordinates qf various
control points in the following traverse. Use the-Bowditch method
to distribute 'the miaclosure. :

Question Two (20 nJ.arks)'
li'nZST SEMES1J'ER li:XAi'\1INATXONS 2005/2006

TUIRO YEAR EXNlViINA'i!rONS FOR THE DEGREE OF BAC}illLOR
~-----()Jf scnmel:TI; IN CIVIL ENGINEERING

T I

, '

U~lVIERISI.TY OF NAJROBJ

,
i

b. Explain the significance of the following in relation to Ma~;s':
Haw diagrams: -
(i) Rising and falling ofthe curve
(Jil Maximum and minimum points
(hi) Limit of econdmic haul
(iv) Balancing line
(v) Grade points

~).

j I
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0) Determine the reduced levels at all staff stations.
(ii) If a boning rod of length 3.50m is to be used during excavation and setting out,

determine the height of sight rails above 'the ground' at e,G and .L given that the
distance between C and Gis 120.00rn and that between G and L is 112.51'11.The
disign gradients-are I :200, rising from C to G and j: J 50 rising from G to L. The
invert level at Cis S71!.50m above mean sea level. . (8 marks)

(~ivel;\ dlUl the reduced level of NYATJ is 8S0.S0m
"'

.... ,.

. ,'" \ .
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i

Contour
9601

-y---r----._
,

(m) 900 920 940 980 1000 10~

- I -,.
Area enclosed I

~21'78by contour (m2) 1.2175 13811 15799 196~5 25776 3H
I : : I
,

a. State the main-sources of error in ordinary leveling, stating
preca'Tltions that should be taken to minimize the errors.

rat

D ~ 853.96
H = 854.4-5
M = 854.50
l~.= 854.11

Quelltio~ Four (20 marks)

(ii) If e;'boning rod oflength 3.50m is used during excavation
and setting out, determine the height of.sight-rails a.bove
the.ground atA3, 83 and C3 given that distance between
A3 and B3 is 80.00m and 60.0Om between B3 and C3. The
de~igngradients are 1:100, rising from A3 to B3, and 1:80
rising from B3 to 03. The reduced level of the invert at A3 is
95Q.50m.

Reduced levels CI.t qridI COT718I'S (m)
A = 852.39 B ~:852.87
E = 852.27 F = 1853.18
.s ~ 852.15 K "",853,47
N = 851.21 P ~ 1850.75

aD.." zo., b ;20Yl',I'R'r" .

C = 81~3A~
I' .

G = 8,p3.9'j2'
L= 853.79
Q ""852.25i .

1
I'

c. Use both the Mean Areas and Priernoldal Formulae to
determine the increase in the volume dt-water} above the
900.00m contour, in a Reservoir after p,xtensicfn of an existii
dam. Areas that are expected to be 'under-water are as
indicated on 'rabld. I

1,
i

I!?fll

1

-pN

Diagrg!
QO)j!, ])

I;---.,lM
1/
/
/I .

./
,/
/

y/

From ;Y: To B, Bl, B2, B3'and B4 readings 2_'6CHm,-2.1S6rn,
-1.99~m, 1.885rnand 2.059m respectively.

FrornZ: To B4, CL, C.2, C3 and Q readings 2.11 1m, 1.992m,
1.813~n, 1.715rn ancl1.667m were obtained respectively.

(i) GiJen that the reduced level of EMll is 952.51Om,
determine the reduced level at all staff stations.

Frorn X: To benchmark BMIl and stall stations AI, A2, A3
and B,readings 3.01'2rn, 3.002m, 2.776m, 2. 113m and 2.S27m
respectively.

/'
~,;,/'

\8~\.1 / ../

J~-

,
b. Obeeilvations were carried out between two stations BM11

(benchmark) and. Q to facilitate the design of a water supply
line.

\8 ...\

a. Describe a method for detection and correction of collimation
error in a level.,

Questioh Three (20 marks)

Datum 'bearings
1'1' 63 - ?'c 65: 830 04' 42"
'I.)' 63 -1.'(' 75: 2630 55' 00"
Tr 59 - Tr 75: 890 II' 42"
'1'1' 59 - Tr 58: 3510 55' 48"

, .

,
~;\ \..

;/1

:./1/ . I~o
//, 'I 0,....\

G ;// i' ,_ .. I
/: I I I-I

,,/. I ,/

//' I "1/

K

t
/// .)//.11'l1"\
/ ..'

---; L~/
,/ /:-, .'

\ 3\11 I /" //'
/
/ ,//

// ;/
// ,1/,/

b. Spot heights were taken at grid intersJ.ctiOPS a~a ;rDclll site
and subsequently usedto estimate th~ voltllTlf ofmaterial t,
be excavated in the construction of a Bigh-,irise building. If t
formation level of the building is to be [~:50iOor above mea .
sea level, calculate the volume of l11atepal to be excavated, 1

the site is divided up ::i.ntotriangles, asilshO~n~)Il Diagram 4.
I
I·
I'A :20", 13 201'>\ q
I, /

('r ....
// ,/

// /1
I~'" /'/

,/ r //E 1/ 1- ,/
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~-s~;;'rr--ITJci2';;;talli Sla.dla l<.eadingBlm) Vertical Angle
StC1.tion r~cadi.lJg I: '.'!

.__ .__ .._-- -- ~-~.-
!!

H ~5° 30' 'I 1.017, 1.898: 2.779 - 5° J.5'
---.~---

ios- 30' r- --_._---

c.J 1.296, 2.215, 3.134 + 80 39'. i ,). I

-~-.- I --"-- ---
!
I

Table 2

_Q_1!Q§:Jj~.nFiy~ }20: rnaip,$)

a. WrjYc short n!otesorlithe fo.llo~iIlg: r • _,

(I) Mod~l~(.t,mg;raves m Electromagnetic Distarrce
Me.asiuripg Itquipl11ent

(ii) CJas~illC'8.tioPlof EDM equipment by carrier waves
(iii) Sourtes of db-or in Electromaznetic Distance

'. [ D'
Meas;uremelat

[iv] The diffeirerll;_c between Inertia} Surveying and Satellite
1) 'tl; F' ,.[-osmon IUiH1g.

I I

b. The [OllC;wing:reF.ldin~Swere taken onto a vertical staff held at
stations H 8.1.1d f'. ftomll!811instrument station X. Th~height of
instrument was J;. 541JJ11anclthe reduced level of the instrument
~Lationwas 11qO.OOm~If the multiplyin~constant of the
rnetrument (Ulcedollte)i!was100, determine:

(i) The rCductd lcvcl~ at I-I and J
(il) Tll.e gradient bct'\'I)hn Hand ,J

I I •

Ii'
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Ill)

The moisture content of a saturated soil Wsa1 is 35% and the relative density "G,"
at' its particles is 2.7. Find the void ratio "e" arid the porosity "n". What will be the
degree oi' saturation S, and the air content" A" if the moisture content "w" gels
reduced (05% Oil dnying? (7 marks)

The mas~M ofan undisturbed sample is 1250g and itswolume is 630 cmJ On
oven drying, the sample weighs 1102 g. The average relative density G, of soil is
. , .
2.68, Fif\\.Ithe bulk density, natural moisture content w, dry d9nsity Pd' void
ration e, ~Iegree of saturation Sr, and the air content A, What will be the density and
unit weiqht Of! full saturation? (10 marks)

II)

(J marks)

Distinguish between.
a) 'Void ratio and porosity
b) \Vater content and air content
c) ~peciJic volume and specific gravity'

1)

Qtm:STfON TWO

(6 marks)IV) Describe the two basic structural units of clay minerals.

Ill) Write sllOrtnotes on Montmorillonite, Kaolite Hod Illite clay minerals.' (6 marks)
I .

(6 marks)Explain. the two important classifications of weathering processes.~ . . -

(2 marks)
! .

Define the term weathering.1)

II)

QUESTION ONE
II) By lise of a Typical Compaction Curve, explain the rheory'of compaction .

i , (8 marks
I ,

Ill) Explain the effect ofvarying the following factors in ;the COJUpJclioi1 curve;
a) Variation in compaction effort I

b) Variation in soil grading soil type (LOmarks:

(2 mark:I

I
Define the term compaction,I)Answer lillyThU<!l Questions

QUESTION FOUR

TIMlr: 11.1SAM- 1.ls1)MDATIl:: JAN1JAJ1Y30, 20.l2
l

INSTRUCTIONS:

IV)'

III)THTHD '\fEAR EXJl!.MJNATIONSFOR THE DEGREE OF BACHELOR Oli'
SCIENCE IN CIVIL ENGINE,ElUNG .

FCE 311 : GEOTJi:CHNICAL ENGINEERING I

II)
FIRST SEMESTER KXAMINATIONS 201112012

UNrVERSITY O:F NArROBI
, I
Explain salienl features of a plasticity chart as used i!nthe British Soli
Classification, . , (5 mark.

! ,

Explain the 'determination of.field density using the ~al1dreplabernenl method fa
cohesionless soils. : (5 mark!

Given the particle-distribution curve in fig. Q3, dett)'ll1ine the ~~rad(\tionof Soil
SoHB, and Soil C. '1 'I (6 marks

Determine the coefficient of uniformity and coefficidlll of.curv~tllfe of Soil C,
(4 marks

I)

QUESTrON THREE

I

." c..-.,
) c6 - -'

~~ ,,-,.r.

"
'.

..

Skani: Kwa hisani ya Eric



l'age I of ' 1

....

,
I

(III) By using well labelled diagrams, describe any two Atomic an4 Molecular
bonds and how they build L~J the structure of substances ; (10 Marks)

en) Explain the two important classifications of weathering processes
, (8.1\111rlm)

; OOlin di:::<~'nl;l~r I1'J'l III I

Fig. !Q3 ; . Pprticle -Size Distribution Cur-lies
,

Instructions: Answer any Three Questions

DATE: FEBRUARYH, 2011 TIME: 11.lSrM - LlSPfvj

Illi~I_!5r~li5_IE.BEXA0JNA II aNS ZJ1.1DJk_Q.1J..

THIRD YEAREXAMINATIONS FOR THE DEGREE OF BACHEtOH OF GIJJNCEIN, I, . :
.C1.YI1...ElJ'.GlNE13JillJJi

FCE31~:GEQT~Lill{GlN]1ITUN~

(2Marks)(1) Define the term Weathering1.

1

100 ,-----., .~ - .. -..~.- --''!-'--''-r''C",':'- :. •• l ..·----i···-·· - I..·----':..;;·"-~-l·-·~';~--x.'-r'--r---' n1 " ,', 1''/' "
····.·....·1- ··-..--- ..·-· .. "-""'1---:.'--1'-1-"'1'). !JOlLA :.~: 1----1--- .1- .. - '.,,-,., ..]..--- ·I-,,-t·-

II') 1---' --. ---..- ---t _,~L --!l--··+----~ ·-+-1- '-'-F-tt- \,,-,-['-,-cl'- 20 ffi.
~..I- --- "-'~---'"-~'l-'-'_,_L.:, L._._.. -boo .--- .-..-·1----- .---1----. :: .-

r : l :I ! I ~gGO 1"-' ..,,,1 ---.-·.. --_ ...... - -,,~ -. -"-re ,_ ..------ -".,,'" ...-, ~,---. ~--. - .._- .-- ._-.... 0 ~ E

"-·-"'· - ..-- ..1' -·1 --!" --,-. -,1-:1---" --.. . "--,, .. -;;r- _ ... 1'- -.-1.-.1- ..-- _f .-- -.-. . '';>~, I I 'I' »> I "1 1 _-

~().!'''''.-·'.-'---''.''-''--·+'----''-''''.:'-'.'-I~.~/.;.'[-': ,.. -.. .. .. 71----\ SOIL,e . -----to I' -- GU H
- ,,- 'J- -- sOJL:rEzil .: -:T--~~' .---------of -I-~ ..---T---O-- B

2(11-.' --- ---t..-...~c.. :'-I::-f .~~-.--.--""..-..--[- ..I....~--I·-..·--- 00

Q I=~:' ~c~~;:J?_::~:·~Jl..=I·-= -:~-- __j_:u.]=1~_I~:_- 100
O.QOI om 'b. I 10 100

~
~ "N'
l:; ....
';'~~!

H'
] i;

UNrVEfRSITY OF NAIROBI

!.

•
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Page 3 of"

Fig. Q3; Plasticity Cha-;t for Unified Soil ClassificJt~on Sysrern
1

I
100

,I

Llquidlinut ('Yr,)
Plasticity Chart Unified System

75o 25

Lf'
:3
~

·'~~l/Li-l'I~0.73(1.L-10)
!

.--> 60+-----1------1 1-----

~
H
""g 40 -I-------J---·I" _.,,?"v _
H

I ,
Classify the soil according to the Unified Soil Classification System. 'I'I
USC Plasticity Chart is shown in Fig. Q3 below.

I

(In)
i

The properties of a subgrade soil arc found ai follows;
a) Per cent finer than 0_075mm= 55% I

b) Liquid limit = 40%
c) Plastic limit= 30%

(lO M

. I I
(II) Describe the laboratory method of determination of Liquid Limit using

Casagrande Apparatus. '

(4 '!VIa

I

(1) Describe the four states of consistency as su!~gesteclby Atterberg using
neat diagram.

J.

.~,

Page 2 of 1/

(10Marks)

(a)Bn* density, p;
(bjNatirral moisture content, w;
(c) Dry, density, p,,;
(d)Voip ratio, e;
(c) Degree of saturation, S,.;

,
(Ill) The m1ss M of ,UI undisturbed sample is 1250 g and its volume V is 630

ern] On oven drying, the sample weighs 1102 g (Ms). The average relative
I

densitY,' G,. of soil is 2.68. Find;
i ,

II' i G p (I -I- tV) W densi . I b 1 000 1 g/ 3- III t: ; p = -!-'-' --, ater ensrty, PI', 19 cnown to e, (In -
, I-I-e .

(7 Marks)
P

1-1- Wp"

1
(n) With ttle usual notations, show that;

(3 Marks)

{Void ratio and porosity
;Water content and air content
~Specjficvolume and specific gravity
1 '

('I)
(b)
(c)

&1), ])iStil{~l;isli belw~en, :.,~,

t,) "

~
'1~,~,
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Define the term soil "phase" and state its importance in englneeiing.a)2.

[H 11];,11'1,
iii) Comment on the' classification of the two soils.

il) Calculate the effective size and co-efficient of uniformlty for lhe two soils.

i) Calculate the cumulative mass retained in each sieve and heiice the percent
passing each size and plot tile particle size dtstribution CUIV~S for the two $(

in the semi-log chart provided. (fig. Qlb).

• t_.__ I._~_~~._.

7.1-r63I~I~rT-"'·n

'l1 I 32 I 16 ,I 15

).3SJze 20.0 10.0 5.0 2.3(1 :UO 0.6
_(Sleve)lJIm
Mass 16 2:1 7.1 20 24 21
Retained
Soill\(gL
Mas.~ 3 2 5 8 7 11
Retalnad
~lQJgl

b) .Results of aparticle size analysis of two soils j\ and Dare as below:

Briefly explain the meaning of the. terms "Dlsperscd layers" and '!C8UOIl
exchange" of clay mineral particles. ; 16marie

a)1.

illill.lli1,iJ1.ll~:
1. Answer AI1YJ1u.:.e_e. questions.
2. All ques tio ns carry equal J118rks.

FeE 311: GEOTEGklliI..GALJ:ill.G.ll'ill.E ...illNG. ,
TIME: )).15 -1.15J'MDATE: JULY16, 2010

5l·:r;ONO SEME.£llilEXAMJNATIOliUQ_o_m.QLQ

~1J2N.5_l'(2,!UH.lIJ21UiJill..[:;JJI'J:J_b,.c.IIIl1Ql\_O_~.s_C..L~JLlliJ;l.Yl.L
.lliiG.INilli.RlN_G .'

UNIVERSITY OF NAIROBI

, ."
~. ....,~l.=
~) ..~..•.

Page 4 of <1

CUI) Explain using 1Jw Compaction Curve the effect of varying the Compaction
Effort 1 (10Marks)

(Il) By usc of a Typical Compaction Curve, explain the Theory of Compaction
I I (8Marks) .

(2 Marks)
!

(1) Dd.illc [he [elm Compaction,I.

Skani: Kwa hisani ya Eric
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100

Page 3 oC"

'155025

MiH or on

LiquidIimit (%)
Pfasticity Chart Unilie d Sys tern

L_____ ~ . ~---:.

Fig, Q3; Plasticity Chart for Unified Soil Classific~~ion System
I

"~,i, Iii' -.:7i "he,<, 1;O.7.J(LT.-JO)! .

60 ..

~

~I=.] 40 -~-~---

E' bL
~.s 20 -------~ ..-.

P-< CL-~[L t/
o ..f-----'--~~. 0

Classify tile soil according to the Unified Soil Classification System, 1'1
DSC Plasticity Chart is shown in Pig, Q3 beljlw,

(III) Theproperties of a subgrade soil are found as follows;
a) Per cent finer than O~075mm= 55% I
b) Liquid limit = 40% :
c) Plastic limit = 30%

(10 M

I
Describe the laboratory method of determination of Liquid Limit using
Casagrande Apparatus. .

(II)

(,I Mn

I

(1) Describe the four slates of consistency as-suggested by Atterberg using
neat diagram

. 3.

Puge 2 at' 4

(10Marks)

(a)Bn* density,p;
(b)Na11Iralmoisture content, w;
(c) Dry! density j.l,/;
(d)Voip ratio, e;
(c) Degree 01' saturation, Sf;. ,

(In) The rnhss M of an undisturbed sample is 1250 g and its volume V is 630
ern). On oven drying, the sample weighs 1102 g (M,). The average relative
densili G,of soil is 2.68. End;

Hint: ; p ='Q!~,D'I'W). Water density, Pw, is known to be 1,000 kg/m:'.
c l+e

(7Marks)
P

1-1- HIPel

(11) With +e usual notations, show that;

(3 Marks)

(a) ~V()icl ratio and porosity
(b) ;Water content and air content
(c) ]Specific volume and specific gravity

(:1), DisUntL;isli belw~en, "',2, , .

II~J
"

~
J
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Define the term soil "phase" and state its importance in 811gillee,.i'ing.a)2.

[1.'1- uiai
iii) Comment on the- classification of the two soils.

it) Calculate the effective size and co-efficient of uniformity for tile l.wo soils,

,
i) Calculate the cumulative mass retained in each sieve and hel~ce the pnrcen

passing each size and plot the particle size distribution Clll'VJS for the two.
in the semi-log chart provided. (fig. Qlb).

-i2:LI63-ITo~I~rT--'"

'--'TI-I-32-I-TG'I15--I'o-"
0.3 I 0.7.1 I 0.15.1 0.075 I 0.02SIze 20.0 10.0 5.0 2.36 1.1.0 O.G

I-~WE!"f!!_ t-t-r--r-
Mfl.'5S 16 21 21 2[1 21 2:
Rerairierl
SoIlA(gL -
Mas~ 3 7. 5 8 7 1"
Retained

~g) _.--

Results of aparticle size analysis of two soils J\. and B are as lielokb)

Briefly explain the meaning of the terms "Dlspers ed layers" and 'lCaUoll
exchange" of clay mineral particles. j 16uiar]

a)1.

Instructious.:
1. Answer AJl'lJ1u:r:..e.questions.
2. All questions carry equal marks.

FeE 311; GEOTECillU.CA.LJ3NGlllilElllNG: I

TIME: i'i.rs - 1.1!;!'iDATE: JULY16, 2010

SECOND SEMESTER EXAMlNt.ULON5._2_Q_O.2J_Z.!2:LQ

THiRD Y"EAmM..lliAJJ.illiS.LQ R THJU2..U,G.Jlm:: QI.'J3.A_CHE1ill...\_Q_E.S_(,J_l~NC_J,lJ.tLCLYI
ENGINlill..lllN.G

UNIVERSITY OF NAIROBI

'; ~',

~" .d'
'.) .~.r

Page 4 of 4

(UT) Explain using th:c Compaction Curve the effect of varying the Compaction
Effort I (10Marks)

(JJ) By use of a Typical Compaction Curve, explain the Theory of Compaction
I I (8Marks) "

(2Marks)(l) Deline the term C;ompaCi,[OI1,I.
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Discuss the difficulties of estimating the site value of the :coefficient of peri
from laboratory tests. I [5 r

cJ

[10

i) When the water table is at ground level

ii) WIlen the water table is at position 2

iii] When the water table is at 4.Sm below grol!nd level.

Figure Q +b shows a layer of sandy silt 3.0 metres tlnck pvodying a 3.~)111
thick layer of clayey silt.' Below the two layer'sliis an impermeable rock str
water table fluctuates with rain seasons. Assume the inforrnatton given il
figure and calculate the total, effective and por'!, water pressur e, at positi.
and 3.

b)

\
\
\ ,
\.

'. 'i

Pcge 1 0/4

[5 marks]

a) Brietly gescribe the state of the porewater pressure at the following locations:

i) AI: gIollncl water table

ii) Above the ground water table,.
iii) J3elo\.vthe grcJL\ndwater table

c) Calculafe the value ofvotd ratio, air content and degree of saruration at MDD and
OMC ..

If the sl~eclt1c gravity of the solids is 2.73, calculate the corresponding values of dry
densiti~s and plot-the dry density - water content proctor curve. Determine the
MD]) arid OMC.

)

u~~~.-ell~ilY _.~. ~~~_.:_.=~2125 215221>9] 2140 j
WatcllColltent 12.9 H.3 15.7. :16.9 17.9
~_:__ _~. -L ~ __

b) A standard compaction test carried out on a sample of soil on an earthworks
projectjyielde d the following results,

~

Reductjun ofvolume of voids is the major soil improvement technique in
earthworks and is' achieved through the processes.of'<ccmpaction" and
"cousolidatlon". Outline the two processes and highlight their effects on
enginehing properties of earthworics.

a)L

A soil specimen is :lflmrn in diameter and 76rnm long and weighs 168g in its
natura] state, When dried completely in an oven, the weight reduced to 130.Sg.
the vClIII~of the soils specific gravity of solid particles is 2.'73. Determine the1 . .
following:

i) Tot}!l volume and water conten t of the soil specimen.

ii) Volume of water, air and solid phases in the specimen.

iii] VOI~1ratio, air content and degree of saturation of the soil.

c)

Define;th'e f;'JlloWil~gJlhase properties of soils:
'. 'Pofosll:y

Sp~cific volume
SpG,cificGravity
DIX density
IJul~(density

b,l

~. ~
, ,~ \

,',
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~

F = 3xyi-57.J+ lOxk along the curve x = I)+I, y = 2t" 7.= t.1 (6/:narks)

(b) Find thetotal work done in moving a particle ill a force field given by ;

('I (narks)where A andBare vectors and ql is scalar.

9 (IliA)= \l,p.A+ 'll\l.Aiil.

9.(A -d3) ='i7.j\;·I· \7.:8
i}

(a) Prove that:

Question 1 :' (3:}marks)

Answer Question ONE lind rwo other Questions.

INSTRUCTWNS

DATE: JANUARY23, 20n TIME: 11.15A.M. -l.15 P.M.

, ~
FEB 313 :ENYIRON.M]~NTAI.IANDBIOSYSTEM ENGlNEERtNG
lrCE 361 : CIYIL ENCiINEEIUNG I,

FEE 371 :ELECTRI<rAL AND ELECTRONIC ENGINEERING i
FlVffi371:MECHANICAL ENGINEElUNG ;,
FGE381: GEOSPATIALENGINEElUNG

ENGINEERrNG MATIffilVlATlCS ill

'.

fiRST SElVtESTEREXAMINATIONS lOll/20ll, -
THIRD YEAREXAMINATIONS FOR THE DEGllliES dl~BACHELOR OF

saIENCE IN ENGINEERING- -~

UNIVERSITY OF NAIRCDBI
,"~
o
u

o:
w

F(Jg' 4 nl{

---.,----_j

"':r.1«
o

cr-:
'x

3Ai!''Ilr,Hrl:)IN3)d3=~ " I S 9 7' d,

,~,..
n:
«
(I.

UJ
_}

tl

l_----i:±~=r----9=I=roo
·1 --1-'Ff--ll-_I=O-I
l_±fd~fj=~~'OO,
I . I

U.J,.J-,
V1

.-.
1-
:::>
10,...,
Il::
1·­
\11,.,
o

.?:
o

I.
.1~

I

--'--,_,_--'-"--~"~-----...... -_. - -,---.--~..........---~-----,
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Page 10f4

Page 2 of'
(7 Marks)Express V¢ ill orthogonal eurvilinear coordinate system.,(c)

) .,
~

\7.(1')=0rl(ii)\72(+. J= 0(i)(6 Marks)
. y z x' all au ou

If II= T + - -I- -, show that x-- + y- -I- z- = 0
f x y O.x oy az

(b)

If r +xl -1-)'1 +zk then plove(b)(71vfarks)Where i;' and G arc scolars.

lY(F'G) '" FVG-\-([;,IF(ii)
where c is a closed curve ofthe region bounded by YF.x and y!,=x2

! (8 Marks)

!V(F-I G) '" Vli'-I-\7G
;

(i)

g(J.y+yl)ax+x1dyProve lbill(a)

Verify Green's theorem in the plane for(a)Q'QESTION C?NE_Q2MARKS)I

QUES110N TWO (2-4MARKS)

(6 Ma.rks)

B(Z"Z2' ,Z.) '= aZI . !!Zl . ,- .Pz"
a (xl>Xl ' " x,,) ax, OXl ax"

'INSTRUCTIONS
Answer Qncili~-;-ONE and TWO other Questions,

then pro ye thatlGNGINE'ERINGMATHEMATICS illl
! .

DATE: 7 FRQRUARY 2011 , TlMJl:: 11.15A.M -1-15 P.M.
"'55 Ui .•_;IJ.L.£.t.ll3iJ.W:# _ .s.. ._.2 _ .L511 UShaJt=~_[_ _ 6_ ;£5L_.)1 ]_6_ ..5ZZ _!£! A !I!!!IIi"l!M!it1 U:ft'!S:Il!'!8"ZM~.!'tl!WI !It.

Z. '" In (x"x2;··········xn)

FIHST SEl\illSTER EXAM1NATIONS 201012011
I -,

THIRDYEAH EXAMINA'lfIONS FOR TIill DEGREE OF BACHELOR OF
SCmNClt IN ENGINEERiNG., ---

Fiw 313: ENYIRdNMENTAL ANDmOSYSTEM ENGINEERrnG
F"c~E361: CIVIL ElNGINEERING
FEE 371: ELE:C'ri:ucAL AND ELECTRONIC ENGINEEIUNG
FME3'71: MltcnANICALENGINEERING .
l~(j'g381: GEOsr,ATlALE.N'GlNEERING. ,

(6 Marks)

t,

0 0

0 J -131 orthogonal?--
2 2

0 13 1-- --
2 2

(e) If

z, =T. (x,)
Zl = /2 (XPX,)
Z, = h (XpX"X3)

II
UNfVERSITY-O'F NAIROBI
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(c) If x == r cos 0, Y= Iisin e, pro'[e that
• 1

I
1

(8 marks)

If k is the area ofia triangle Iwith sides a,b,c show that

I
I
I
!

(.0~) =~.cot A!
08 b,c

(ll)
(7 JlH(rks)

A rectangular box open at the top is to have volume c;>f 32 Ill). Find the
dimensions of the box requiring least material for its ;constrllction.

(c)(8 marks)

(10 mJtrks)~~t
I

(a) If II = f(x, Y)Wh~re X= 11>(dand y = cp(t) then prove
ciu Oll dx ado ely I_..._= '0_.-+---t.-
dt ax cit ay til [

QuesHOll 4 : (32 IllllrlL~l. I

3x + :y + 2z. =3
2x - 3)' - z= -3
x + 2y+ Z= 4

(8 marks)

find Aclj(J\) and hence solve system of equations
= I I«(I,V'q)~(r\7[II).dsi

v

(c) Prove

[

3 1 2. ]
2 -3 -1
I 2 1I I ICIIIV'\p- (P~l[ll)dv

(b) Given matrix

(7 marks)
;

(b) of of 1[(if oolf aielf(x +h.y+k) = [(x,y)+ b--f- k---I-- 112 -----I- 2hk--- + kl -~-, -I ... . ax oy 2! ax~ axoy ay-
t -(1. (xy _I!yl)dx -I- Xl'dy

Where C is a cJb~ed curvJ of the region bounded by y = x and y = x2
! I

I (8 marks)

(8) Prove Taylor's theorem(8 marks)

Question 5 : (24 marks)

(a)
( R rimrks)

[
1 'jOl~ + ::'~ •. (or) +( 01')-

Ox- oy r ox 8'1'
i

Verify the divergence th~orem for
I I

f = (x ll .._yz)II' (1,1 - zx)J +(z ' - xy)k
I

taken over the iectangul)r parallelepiped
t I
1 1

os x s:a,o:SYI:Sb, osz\sc
I

Verify Greensjtheorem dl the plane for
i

.Qlli!sLioi! 3 : Y24 u1l1~rllS)
I
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Question 3 [24 Marks]

a) Jf A=(3x2+6y)T -Byz] +20xz'i(

Give a deflnitior: of fIA.rlds over a surface s in terms of limit of a sum, [6 marks]c)

[011l8ricsand S is the surface of the cube bounded by x",O, x=l, y",i z=i), ,z~1.,
I I

iI .

ft ==4xzl' - y' j -I-yzkc) Evaluate IIF,nds, where

i) (~p-) =~;
au) c
;

.. (OJ) j h (7 marks]11) 'ij(7~A =-;;

(0 marks
b) Find a unit normal vector to the level surface

x2y+Zxz=4 at the point (2, -2,3),

If (1 and It are two si~les of i.1. right angled triangle with hypotenuse C and P being the
perpcnd'icular from the opposite vertex on the hypotenuse, 'show that:

bJ

c
p(xy-~ y')dx+x2dy ,,
Where C is the closed curve of the region bounded by~ = x andy = Xl, [Bmarks

[7 marks]Where F and G arc scalars,

a) Verify Green's theorem in 7th plane for

~ti!ill...Z_L2.'l.Mil.r.k'i].
i.1). Prove lh\1t:

i) V(F;,. GJ == V () + 'VG
ii) \!(l'qJ:;;; P'VC + GV F

QJ!..Q.IiJLllllLI~.dssJ

Answer QJLESTION ONE and any JWO Q.J.J:l.ll.R questions.Ins tructions:
(6 marksorthogonal?

[
1 0 0 1() _~ s.

1. z
o ~Ji _1.

2 z

TIME: 1l.1SAM- 1.1SPM
i

DA.TE: OCTOBJlR 19,2010
==

Is matrixe)

[6 marks:a(Z"ZI.----'Z,) BZl aZ, az"
ah,x,,----,x.) a~'a;:-·----ax"

then prove that

z =I. (X X ----------x)n n 1) 2) n

Zl ::=I, (xJ)
Z. =L (Xl'X,)
Z3=J~(Xl,X"X3)

d)' If

, ~NrVERSIITY OF NAliROBI
/~:j 1
)j;'- 'SUPPLEMEtITA!iy SPECIAL EXAMINATIONS 2009/2010

-J"/' it;,~,y'~ :U-iUlll YE4\~UXAMINATIONS FQ!l.TIi!LQ.EGREE or BACJ:lllLOR OF SCIENCE ill
~. lililil tlJlJlliIllii .

\ -1 ; fEB 31'3; ,ENVlRONMENTALAND BlOSYSTE0SENGINEERlNG
FCE 3 6~: CIVIL ENGINEERING
FEE 37'1.: I ELECtRICAL AND ELECTRONIC ENGINEERING
£GE 38'1; ! GEOSPATIA1lllLGlllillilll.liG.

.'
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(81vfarks)( OK) =C'I__ CotA
an b.c 2 :

(0) Tf K is lhe area of a;triangle!wiU, sides a, b, c, show that

(8 Marks)
a2() iiB
-2'+-2 = 0ax oy

(8 Marks)I',
(b) If x == rcosO, Y'= rsine then show that

If u == .f(XI,x,'.; x.)rhere x) = ¢Jt), x, == ¢,(f), .. ,.'",xn =¢n(t) thenprove

du 0/1 dx, 1 8u' dx; . all dx_ = -_._ +,_' __-I.----I--·-n
dt aXI dt ex, dt : ax" dt

(a)

Express Stoke's .theorcm ijl words and write it in rectangular form.
, (6 Marks)

QUESTION FOUR (24 MARKS),

*******(c)

(10 Marks)
(10 Marks)By using matrix met.hod.taken over the cube O:sx~J, O:-:;y.<> I Os z sl

5x + 3y -I- 7z = 4
x -I- Sy -I- 2z = 2

7x+2y+l0z=5~ ':' 21 _ "l' = 4xzI - y i+yz k:

Verify Ihe divergence dlet'em for(b)

Find Adj (A) and hence solve the system of equations:
(8 Marks)

l~l3

5
2[

5
A = 1

7

I h,e, ~le). I~e)

. - J II 0
"0 aVxA =-- -- ~, -

. I~h2/~ au) ?u, au)

I A/I) A2~ A/I,

Given matrix(c)Show that in orlhognnal curvilinear coordinate system
1 ,

(a)

QUESTION THREEi(24 MA.RKS)
, I

,~'y+2xz"'4
QUESTION FIVE (24MAlUeS)

(a) Find a point within a lriangle such that the sum of the squares of its dislanees
from the three verticies is minimum. (8 J'f1arks)

I I ~

(b) Prove that any square matrix can be expressed uniquely as 'the sum of JSYIl1J11elric'
and a skew symmetric matrix. (G lyfflrks)

(8 Marks)al the point (2'1-2,3),

, !
(c), Find a 1'luil,no'j'/mllvector to the level surface

" I

, '"
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PflJ' "0/1I"J' J 014

[7 marks]( Ok) =;cotJlua J"c

'b) lfKis the area DCa trj:angle with sides a, b, c, show that
, I

I

ilil.e.llLoJL'i_ lZ1.Marks] .
I j •

a) Prove that any square matrix can uniquely be expressed as the sum of a symmetric and
skew symmetric matrix. : ' [7 marks]

[8 marks]
dU all EJx EJ'u oy
_'-=--.- + -:-.-
dt OX at oj)' ,at

~-.c)~\

b) Find a pointwiti1in a~t:rlangle ~uch that the sum of the squares of its dlstances forrn
three vertices Is minimum. [8 marks]

I
I

c) If U = j(x,y), where x = ¢ (t) an~Y=1fI (t], then prove that

[8marks]

Q.l1!lliiQ.u..1_[Z1_M.allrs]i
a) Ifx=rcosO, y==r~jnO.the~showthat.' :. I

8'0 a'(j
---,. -I- -_. ==0
8x1 8y2

i [10 marks]by using the matrix method.[10 marks]

2x --2y+ 4z:=: -12
2x+3)'+ 2z == 8
-x+y-z=y,

find Ady (1\) and hence solve the system of aquatio ns
[0 maries)

[
2 -2 4']
2 3 2
-t 1 -'1

[6 marks]

c) Given matrix
, I

-evaluate fA.di" Iroln (0,0; 0) to (1, 1, 1) along the path «given as
.,' 1'1 I f

, x=t, y=t', z='l". I
\ . • I 1
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(ii)

(8 Maries)

v2 U J = 0

6.(~) = 0
(i)

If F '" xi + )J -I- zk theruprove that:(c)

along the curve ;c '" t2 .+ 1, y = 2t2, Z '" f3 from t = 1 110 I '" 2. J (8 Marks)

I '
Prove Green's theorem in. the plane if C is a closed cu1e whlei? ~as the properly
that any straight line parallel to the coordinate axes cuts C in a(:m~)sttwo points.I I (8 Marks)

I

(b)

F = 3xy! - 5z} + 10xk

QUESTION 2 (24MARKS)
I
I

I

Find tile 'Workdone in moving a particle in a force fie]e)igiven by.,, I'(a)

(e) Is matrix

1· 2 2- - -
3 3 3
2 1 2- -- --
3 3 3
2 2- --
3 3 3

I I (6 Marks)orthogonal? I

0(u,1I) = o(u,v) . 8(r,s).
a(x,y) a(r,s) a(x,),)

If 1.1, V are functions of r,« and r.s are [unction; of x, y ilJcn prove! that:(cI)

, .1'
! ,

I, ,2

(7 Marks)(c) Express Green's theorem in the plane in vector notation.

(6 Marks)ou (J/; 811
--- I- .-..;..-I- - '" 0ox 8J{ 87.

s

(b) Jf 11::= Fe-c"'y, y-z, z-x)lprove (bat

(7 Marks)
_.~ ..

Where A ~.a[jcl lJ are vectors and ¢ is scalar

I

(i) vf. (A -I- ll) == \I.A -1' \I.B
(ii) \7~(¢A) =: 'V¢./1 + ¢\7.A

..

(a) Prove lhal

QUESTION 1 (12 MAtU(S)

INSTRUCTIONS
Answer questior] ONE I\li.d 'nvo other questions.

rmGINEEIUNG MATHEMATICS III

DATJi~:STll rnqlRlJARY 2010 TIl'r1E: 11.15- 1.15P.M.
~~~..-~.~.t.IL .•• i .. 4 ..],11 : ;..M.L._ ji.S5.i:!'S.,,_!'!' .•e!'._.._:.__.,_I _Li,~_.Z;_ _ ..'_.._l .u.US2.5__WL L__..'.. _ZCSZ_S.J _ .E_._n, '

Ii

j FIRST SKMES']i'EREXAI\1INATIONS20091:2010

THIRD YEAiI{ltXAMTNATJQNS FOR THE DEGREES OFBACfIELOR OF
-- , scnmt:£j: INENGlNImRING:

FlllD 313: ENVmONMENTAL AND nrOSYSTEMS ENGINEERING
FeE 361: CIVIL EIlfGINEEERlNG
IrI~jC371: ELECTruICAL AND ELECTRONIC ENGINEERING
FME 371: J:'Y.1ECHAWCAIJENGINEERING
FqE 371: GEOSPAiTJALENGINEERING

1JNJVER6iFY OF NAIRO£1*'
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PII,p,t' / of"

~tio n 3 (2.1J'fI.ar:1s..sl

a) If A=(3x'+6y)T -Hyz]-1-20x,z2if

c) Give a dp[il~iUOll of fIA.n;is over a surface s in terms of limit of a sum. [6 marks]

10maries]
I

and S is the surface of the cube bounded by x.=0, x=l, y=:l, z=:O, z=L.
I

fi=4xzl - y' j -1- yzkc) Evaluate If F.nds, where[7 marks]

[8 marks]
b) Find a unit normal vector to the level surface

x'y+Zxz=4 at the point (2~-2,3).
1) (,~C.~,~~. 8' 3, u;! C

Ii) (ql~~== ~aa:A C
!.
:'

If a and J: arc two sides of <I right angled triangle with hypotenuse c and p beingthe
perpendicular frail) the opposite vertex on the hypotenuse, show thaL:

b)

<ji(XY-I-/)dx-I-x'dy
c ' I I .
Where C is the closed curve of the region bounded bYiY = x ancl!y == Xl [0 marks]

[7 marks]Where F and Gare scalars.

a) Verify Green's theorem in 7th plane for
_Q~IDW

~
,Qumi,ULL[J ~M.m:ksl
a) Prove U\llt:

i) V(j<'~I-G)=VD-I-VG
ii) V(f'V}=FVC-I-GVF

! ,

Answer QJlli;ITlQlJ'J¥ill and any I_YIlQJ2TliER questions,Instruction s:

[6 marks]orthogonal?o 1Jlz
-+[

1 0
o _1

0 __11

TIME: 1l.lSAM-l.lSPM
,

DATE: OCl'OJ:i:ER 19, 2010

Is matrixe)

[6 marks]8(Zl'Z"-----,Z,,) _ az, az, 8z"
a(x1'X1'----,x,,) - ax!'ax~"---- ax"

then prove that

ZII= J" (X1iX,,---------- XII)

UNIVERSI1TY OF N,AlR081
/ /
: 51..!
J//, ;..'il1I:ELJili1.EJiIAlID;~,'i_j~'_!;;_XAMlliATIQNS2009 liol0 "

0"'_' Ii

~~f"c'!-UBIU);;f\R EXA__MINATJO~SFJlli.TIJ.!l_DEGREE OF DACHELOH. OF SCfENCE IN
JV.JiI: ENGINEERllii!

.

\ :' fiE133j 3: ENVIRONMENTAL AND HIOSYSTEMS ENGINEEmNG
FCE361: : CIVIL ENGINEERING
FEE 371.: : .ELECTR1CALAND ELECTIWNICENGINEERING
E0nJL1~GEOSPi\TIAL ENGINEERING

If Zl==_h(XI)
, z;=/,(x1,x,)
Z3 = fa (Xl ,X"XJ

cI)

•
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*******

(J OMarks)By using matrix method.

5x+3y+ 7z=4
x+5y -I- 2z=-2
'7::r:+2y+10z=5

Find Adj (A) and hence solve tile system of equations,

[
5 3 7]

A = 1 5 2
'7 2 10

Given matrix(c)

(b)

find a point within a triangle such that the sum of the squares ofits dislauces
from the three verticies is minimum. (8 Marks)

i
I ~

Prove that any square matrix can be expressed uniquely as:;J:liesum 0[' ~ symmetric
and a skew symmetric matrix. (61-i!<u"ks)

i

(a)'

QUESTION FIVE (24 MARKS)

Page 3 of 4

(8 Marks)( OK) = ~ COl Aao b.<

(c) UK is the area of a Irianglq with sides a, b, c, show that
i

(8 Marks)
a'o ale
--'-1-- = 0
ox) oy2

(b) If x::: r cos fJ, y'~ ,.sin () then show that

(8 Marks)

(a) If U = f(XI'X2' x,,)rhere XI '" Mr), x2 '" ¢1(1), :..,x" =¢,,(t) then prove
"

ell! a" dXI au dX2 : au dx I
--- '" -.- -I- --.- +----1--- _'
ril aXI dfax2 dt ax" dt

QUESTION FOUR (24 ~)

Express Stoke's .rbeorem illwords and write it in rectangular form.
I (6Marks)

(c)

(10 Marks) .
taken over the cube O:<;;xsl, O:<;;y:<;) 0:::; z s[

F' '" tjxzt - ylJ +yz k

Verify the divergence theorem for
I

(b)

(8 Marks)

I hte, 'he2 h)eJ
I

- I r a 'a aVxA:::-- --
aLl2

-
h, h, hJ lOUt Bu)

i Alii Aili2 ,£,h)

Show that in orthogonal curvilinear coordinate system. ,(a)

QUESTION TImER '(24 MARl<:S)
I

(8 Marks)al the point (2,-2,3)

Find a unit norma] vector. to the level surface
, 1

" '
x'y+2xz'~4

\ s)
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Page 20.[ <I

(ii) \]t~)=o\]2 (; ) = 0(i)

If r +xl +)3 I·zk then proveeb)

,,
where c is a closed curve of the region bounded by y=x and Y'C'x'

. (8 Marks)

I·cf( xy+l )dx+x2dy

Verify Green's theorem In the plane for(a)

QUESTION TWO (24MARKS)

(6 Marks)

O(ZpZ2'·········,Z,,) _ ..!5.. 5.. .i3z"
a(x"x2, ;.) - ax, aX2 ax"

then prove that

ZII = III (X!1X2'···-- .. ···x,J

z, .: fr (Xl)
z, =h (x"x,) .
zJ = 1; (xl,X"X3)

If(e)

(6 Marks)

,
"

0 .,.0

~·I1 orthogonal?0
2 2
.[3\

1-0 -
.22

I,

Page 10f4

(7 Marks)

(6 Marks)

(7 Marks)

I

Express ;~IIf in orthogonal curvilinear coordinate system.(c)

_ y, z x . 01.1 fJu OU
I1: u= ---;-I- .-- -I- -, show that x- + y- -I- z-:= 0z; X y ox oy oz

(b)

Where n and G are scolars ..

?(FG) = FW]+G!'VF(ii)

tl(F+G) = 'IF+\lG(i)

Prove 111'al:(a)

QUESTION O:NE(32MARKS) .

INSTRUCTIONS
Answer QI<CStfpU ONE lind TWO other Questions .

.'

TI1\1E: 11.15A.M - 1.15 l',M.
.0.""'.9.1,.": 11.. ':,iL ii .. ' ./GU .. i.k..I..Ii £_jjULH"1.!!I_~ ; .Li .. ,.... ,.• _.L H'£. ... ~'IJ!'W'!'.. ~jl ; t_ _3'! &&1!H!!!!!!I'i!'I
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Prove that any square matrix can uniquely be expressed as Ihe SlUT) or symmetric an
a skew symmetric matrix, (7 marks)

c)

(10 marks

find Ad) CA) and solve the system of equations~]',
-1

4

-x + y - Z !: ;:;

by using matrix method.

2,X -r 3y -I- 2z = 8

2x-2y+4z=--12

-2
3A =[- ~

.....1

Given matrixb)

(7 marks)( EJk) = ~cOI A- 2oa h,c

If k is the area of 4 triangle lith sides a.b,c show thata)

Question 5 (24 lllllrks)

c) Find a po in! withii: a trianglte such thai the sum of the squares of its distances from the
three verticies is minimum. , (8 marks)

(8 marks)fie a2f}
-+---'-=0
Bx2 B.i

h) If x=r cosH, y=rsiuO, then show that

(8 marks)
du , 0/./ dx au dy
-=- --+--
dt ax' dt ~Y .dt

a) If 11=(x, y), where x = (D(I~ and Y=I/)(I), then prove that

Question <I (24 marks) "

(6 marks)along the path c ~iven as x~l,y=t2, z =t'.

If A=C3x2 -I- 6ypl -14y.z] + 20x.z'k, evaluate JA.d;: from (0,0,0) to (1,1,1)e)

(10 marks)X CA ' e, a e, B\1 ,e,i) '" -, ·--(A,f\)--~-~(A,h,)
h, h'l Uti) l~ h, DII2 .

ii)

'V.CA, e,) = __l.....j_ !!_ CA, h, ,~)
h, h, hi DU

i)

Show that in orthogonal curvilinear coordinate systemiJ)

, 3, '
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(7 Marks)(c) (8 Marks)
6'(~) ~ 0(ii)

(6 Marks)all Oil (hi
-- -I- --+ -I- --- = 0ax J! i! az. -1

~,
Express Green's theorem in the plane in vector notation.

VZ (+J ~ 0(i)
(b)

If r = xi -I- )J I- zk then prove that:(c)(7 Marks)Where ~i(and jj are vectors and ¢ is scalar
1

If II = F(~--y, y-·z, z-x)provcthat

(i) 'iljCA -I- B) = V.A. -I- ,li3
(ii) Vt(¢;i) = v¢./1 + ¢V.A

I
Prove Green' s th~oreOl in the plane jf C is a closed clllte,which 'las the property
that any straight 11IlelJaralleJ to the coordwate axes cUlf C In RI.i11~St two pouus.

I I (8 Marks)

(b)
Prove llm((a)

along the curve x = (1 + 1, y = 2(2, Z "" ,'from' ""1ito' .= 2 . (8 Marks)
I_QUESTION 1 (3:2. MARKS1

If = 3).)'1 - Sz) + lO;rk
;

!NSTRUCTIONS
Answer rtl(cstiol.l ONE and TWO other questions.

(8) Find the work.done in moving a particle.in a force field given by:.

Q1mSTION 2 (24 MARKS)
ENGnmEm~NG MATBF,MATICS ill

DATE: 8TH FIi:~RUARY 20J;0 TIME: 11.15 - 1.15 P.M.
tfii,.IIl..p.Li", ...i .1.(. •. .1.1. .;S,Lt..£. iLJ+ .~;l'; ..•.;elli' ..&.s. .h.iit .. ,Jill Ur!I'UlIf ",l!. ,"'_" •._ ... 2_ 1." E_.8J.iEl.5_!!t . .l... .ff._',,~.tU.S!i.,:e:;:i!dSli-"!tJ;l._4il_(_L~Jr

(6 Marks)

1 2 2
-
3 3 3
2 I 2
- - -.~-
3 3 3
2 2- --
3 3 3

orthogonal?

JPlD'lJ313: ENVmOli'IMENTAL AND BIOSYSTEMS ENGINEERING
FCll!: 361: CIVIL ENGINEEERING .
FEn: 371; ELECTR1CAL AND ELECTRONIC ENGINEERING
FNIJL371: l\1EdHAmCAI~ ENGINEERING
FdE 371: GEOSPA[UALENGINEERING

li'IRST SEMES]ER EXAMINATIONS 200~/2010

THlHD YEA1{ EXAMlNATldNS FOR TIill DEGREES OF BACHELOR OF
-·-·---;-----3dmNfE IN ENGINEERING:

Is matrix(e)

8(11,1') 0.(11,") oCr,s)
o(x,y) = 8(~;) . -BCx,~

:UNIVERSITY 013NMRO:BI'i '

f
If u, l'are functions of r,s and r,s are functions or X,), then prove that:(d)•

, ;, ,2

\
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