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ABSTRACT

The cost of steel rods and cenent has becone so high that
it is becomng increasingly difficult for an average Nigerian to
build reinforced concrete houses. Even though coarse aggregates
could be got locally, the cost of production is also high. Thus,
fewer houses are being erected nowadays. It wll not augur wel
for the country if this trend is allowed to continue since the
popul ation of Nigeria is increasing daily. Therefore, there is
a need to |l ook for alternative building materials. Tinber is one
of such materials that can be used. Tinbers that are good enough
for structural elenents are readily available in many parts of
Ni geria and relatively cheaper when conpared with the cost of
steel rods. The fear of the prospective users of tinber in this

fashion is the fire hazard.

This work therefore investigated the use of tinber encased
with concrete as an alternative to the conventional steel renforced
concrete colums in buildings, especially in |ow cost housing
schenmes. The objective is to cut down the cost of colums in
bui | di ngs, since tinbers are available and cheaper. A lot of
saving will also be nade in the amount of concrete used.

The results indicate that encased tinber colums have adequate
| oad bearing capacity for use in conventional residential buildings.
It has been found fromtest results also that the bond strength
bet ween concrete and tinber is adequate (averagely 1.95N mmf) for
achi eving conposite action in the encased tinber colum. The
failure loads of the colums were also conputed theoretically and.

the results agreed favourably with the test results.
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CHAPTER ONE

INTRODUCTION

PREAMBLE AND PROBLEM STATEMENT

The use of reinforced concrete material in the
building industry has been in existence for some years
now, A lot of researches which aimed at the best use
of steel reinforced concrete had been carri=d out.
Reinforced concrete is an artificial substance formed
by mixing cement, water and agcregate together with
an insertion of steel rods in such & fashion that when
the mixture is set, it forms a stone-like material,

In Nigeria today, the cost of production of reinforced
concrete has gone out of the reach of the masses,

Steel rod used as reinforcement is so expensive since

part of materi:ls used for steel production is imported,

it is the same with cement. Even though aggregates are

got locally, the production cost is so high that less use

of reinforced concrete is becoming inevitable, Therefore,

there is the need to look for alternatives, One of the

local material that can be got very readily and averarely

cheaper in NHigeria is Timber, There are in existence

buildings constructed mainly of timbers, In recent time,

works on timber - concrete composite structures have
been carried out, especially in construction of bridge

elements such as decks, T~beams and girders,
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1.2

The idea of using timber—concrete composite cclumns in
buildings and especially in low~cost housing is particularly
welcome, because the fear of clients using timber in
housing, is eliminated since timber is now encased, hence

preventing it from fire hazards,

TH: OBJ-CTIVE OF THIS IISEARCH

The cbjective of this research is to investigate the
posgibility of using a concrete cased timber as alternative
to the conventional steel reinforced concrete columns in
buildings, Recalling from the introduction, works hzve
been carried out on Concrete-Timber Composite elements
such 25 dec.is, T-beams and sirders, In the first instance,
the use of timber in this way will greatly reduce the overall
conztructional cost of btuildinzs when compared with the
conventional steel reinforcad concrete buildings: This
can te said confidently wnen one considers the availability
of timbers gcod enough for structural elements ané tneir
caost in liiseria on one aand, ard the high cost of the

manulictured steel and cement on the other hand, Less

TH-) SCOF- OF WORK

Tests on smz=ll, clear specimens will be performed on the
timber itself, The preparation of the specimens and the
testing procedures shall follow the British Standard

Specifications,



The full description and the testing procedures shall be

presented in cl';a.pter three of this thesis, The following

tests will be carried outs

(a) Test to determine the density of the timber,

(b) Test to determine the moisture content of the timber
at use,

(¢) Compression test parallel to the grain,

(d) Test to determine the modulus of slasticity of the
Timber Using Ultrasonic Pulse Velocity (FPUlDIT).

(e) Test to determine the bonding strength between the
timber and the concrete,

(f) Concrete cubes for every mix will be preparsd and

tested to determine the concrete strength.

The investigation to be carried out in this research
shall consist of an experimenial and a theoretical phaee,
The experimen*zl pa.se ghall bhe concerned witz the test to
find the load bearing capacity of the concrete cased timber
columns, loaded axially, The column specimens shall have
different slenderness ratios., The mode of failure snall
te observed, The theoretical pnase of the study shall
consist of the prediction of the ultimate load-bearing
capacity of eacn of the specimens by sanalysis based on
method of transformed sections,

Twenty-five numbers of concrete cased timber column
specimens shall be prepared. & steel fabric reinforcement
with steel average size of 2,95mm both ways and pitch of
50mm x 50mm will be placed in the covering concrete of

these specimens to check any cracking that may occur,



The specimens shall have the same cross-sectional a.r_ea.
of timber and the same concrete cover thickness. The
specimens will comprise of 'i‘iva sets, The sets will

be different from one another by varying the slenderness
ratio from 16 to 5.3. Another six specimens similar to
the ones above but without steel fabric will be prepared
to see if the specimens will not crack without the steel
reinforcement since the timber will be arnticipated to

abscrb water and swell when the concrete is wet and shrink

when the concrete is dry.
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CHAPTER TWO

— e ——

LITERATURE REVIEW

ZDMEER

The use of Timber as 2 comyression member (columns,
pcste ete,) has been in existence for many years, It
has bteen known that timber can resist compressive loads
appreciably and that when properly preserved and seasoned,
its loading capacity can be high and very durable ton,
Generzally, timber is beth & trustworthy traditional
building material and one which is suitzhle far the
arplication of aivanced engineering, and nroduction
techniques aimed at greater 2conomy in the field of
n kiperia; timber is a
iin- materizl that can b2 got readily in many pazts

of the couniry. It is disheartenin- that fire hazari

has pozad 2 gerious prohlen to the comrmon use 2f timbar,
Altrough, ithere are fire preseyvative chemicals, they

are too cestly for an averase inecome earner in Hi-eria,
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242.2

 SOME PROPERTIES TEAT IRFLUENCE THE STRENGTH OF TIMEER

Direction of the Grain

The direction of the grain hés some influvence on
the stirength of timber, When the strength of timber
%s the primary consideration, it is usual to specify
that it shall be streight grained. It has been found
out that there is a reductlion of about 4% in berding
strength when the slope of the grain is 1:29. With

slope of 1:20, the reduction is P, according to Desch{1977).

¥oizture Cortent

Foisture in the timber affécts gréatly the sirengih
of the timber., The timber of living trees ani freshly
felled lege contains a lerge amcunt of water; which
usually constitute a greater proportion by weight than
the s0lid material itself, Wailer has a profound influence
cn the properties of timbers, It affects the weight,

the sirength, the ghrinkaee and the liability to atitacks

. by fungi or insects of timbers. Therefore, it is izporiant

to kmow the moisture content of & timber before use,

¥nen the moisture conient of a timrer is about=12%c,

. average increase or decrease in value of various strength

properties like bending sirength, tensile sirengih,
corpressive strength and so on, is affected by.decreasing'"
oI_inérezsing moisture content by 1%, Wongeard, (1950) and
Desch {1977). Shrinkage or swellinz of timber dué‘to
changes in the moisture content is called “working"” or

F
movement. -



It can not be eliminated completely but can be minimized,
Timber hardly shrinks at all along the grain, In the
radial and tangential directions, however, movement

is appreciable, Tangential shrinkage is always more

than the radial shrinkage, Even in different pieces

of the so-called air-dry-seasoned {imbers, some variations
do occur in moisture content., The moisture content at

& given time depends on the atmospheric conditions,
Drying does not continue indefinitely. There is normally
a stage when there will be no more interchange of
moisture beiween the timder and the air, This is the
stage of equilibrium which can be up set easily when

there is a change in the surrounding temperature,

2.2.3 DET}Sit!

Density is the best single criterion that can De
used when considering the strength of & piece of
tizber, Dersity is the ratic of maes of timber to
its volume, A thoroughly dry timber consists of sc..id
material of the cell walls, The cell cavities contiin
air and szmell gquantities of gum., The relative density
(specific gravity) of the solid msierial of the walls
has beern fcuné to be similar in all timbers (around 1,5).
Timbers generally weigh between 160 to 1250 kilogrimzes

per cubic metre, One very interesting thing is that,

H'—‘-.—.

besidee the variation in density occuring in {imbers
of different spscies, there is an appreciable variation

in density between different samples of the same species,



"Iwhich Eontaiﬁ.the same a@oﬁnt Af-watér, eiprea&ed as
& percentage of the dry weight of {imber in the sample.
This variation can also occur between the timber of
different trees, and in timber from different parts
of one tree, h
.2.2.4l ‘Defeété
~ The presence of defects in timber affects its
strength, The relative abuniance ¢f the different
kinds of tissue and the arrangement of ihe individual
elements in relation to one another bring differences
in the mechanical properties of the timbers, Defecis
in timber could be irregularities of grain, splits
and checks that develop during seasining, the presence
of rot and the abnormalitics in anaiomical structure.
The weakening effect of defects in timber depends on
the position of such a defect in relation to the piece
of the timber as a whole and the proposed use of the
tirber., 'Spongy heart'! even though it can reduce the
strength of timbers, if iis presence is not much, it
may have no significant effect at all on timbers used
as short columns and light effect on bsass, 411 forrs
of warpping reduce the strength of timbers., 1Initial
berding of timbers used as long columns say 1:1000 may
" reduce the strength of the timber by ahout 2%, Splits
and checks which are due to ruptures of ihe tissm_:.es —

]
El

reduce the shear resistance of timbers,
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203.1

SEASONING OF TIMEER

Seasoned timber is superior for all practical
purposes than unseasoned timber, A seasoned timber
is always dry and has less or no movement, If the
moisture content of a timber is more than 20%, most
fungi can grow in it and destroy the timber,
Therefore, seasoning arrests the development of
incipient of sound timber, Seasoned timber has
structural advantage of less weight. The cost of
transportation is also reduced, The major difficulty
in seascning is tc prevent the outer layers to dry out
too rapidly than the interior. If this is not
prevenied, stresses will be developed and can cause
surface splits or checks., There are two common
methods of seasoning, namely: air seasoning (matural

seasoning) and kiln seascning (artificial seascning).

Air Seasoning

FmA e

Air secasoning makes use of the prevailing winds
and the sun, while protecting the timbers frox rain,
Winds circulate the air, hence disallow the 2ir from

being saturated with moisture abscrbed from the timber,
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10

while the sun raises the air temperature and lowers
its relative humidity. Contirol of air circulation
is always necessary and this may best be achieved

by pilling the timber in properly constructed stacks,
Some form of end covering should be adopted to
preveni rapid loss of moisture at the ends which

can cause end splits,

Xiln Seasoning

Kiln drying is effected in a closzed chaxber,
providing maximum control of air circulation,
humidity, and temperature, This mzkes regulation
of drying possible so thati shrinkage if occurs at
all will be mjinimum,  Lower moisture conients can
be reached than are possible with air seasoning.
Kiln sezsoning has more advaniages because it is
rapid, adaptable easily and more precise, It can
be used at any tiwe of the year, A timber seasoned
by kiln has the likelihool of having & consiant

—
moisture content throughout its lerngth,
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CONCRETE

Concrete refers to a stone-like material produced
by mixing cement, coarse aggregate (chippings), fine
aggregate (sand) and water when set. The foundation
of the compound is the cement, which when mixed with
wvaler forms a paste that bonds the aggregates together.
This material has been in use for many years and many
researches bhave been carried out to improve the use of
concrete, The essential properties of hardened concrete
are durability and strength. These properties are
affected by the voids and capillaries in the concrete
which are caused by incomplete coxpzction or excess of

water in the mix, ~

Cerent -y
e et .

Cement is a clinker, formed by heating 1imestcne.”ffﬂ
and clay, rich in calciuxr silicates and is ground to
a fine powder with a2 small prorortion of gypsum,
Cypsum is usually added to regulate the rate of setting
when the cement is mixed with water. Ordinary Portland
cerent is often used for general concrete constructions
when there is no exposure to sulphates, Ordinary Portland

Cement will therefore be used for this research,

Lpererates
The term 'aggregates' is used to describe gravels,

crushed stones and other materials which are mixed with

cement and water to make concrete,
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hggregate forms the bulk of the volume of concrete,
Good aggregate should be hard and clean and preferably
angular in shape. It should not contain materials

that can decompose. It should not contain clay, For
workability purpose, the aggregate's sphericity should
be low, since the lower the sphericity, the higher the
workability, The average size of aggregates to be

used for concreting depends very much on the use of

the concrete, for example, high size of aggregate will
be required in foundation and mass cencrete works,
Also, spacing of reinforcementis is a deiermining factor
for aggregate sige, Aggregate which has high percentage
of large particles is referred to as being cozrsely
graded and one which has high proporiion of suzll

particles is refexrred to as being finely graded,

24443 Water
Water is used to mix relevant materials such as
cement and aggregeies together to produce concrete,
Its quantity affects workatility and strength.
Its addition brirgs reactions (cheziczl) within
cement particles, and beiween cemeni and aggregaies,
Water used for concreting must be very clean ani should
not contain dissolved salts, suspended solids and
organic matiers, These affect the setiing and hardening ‘-

of concrete,
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Salt can cause corrosion of steel in reinforced conrete,
The amount of water added to cement affects the strengih
of concrete, If the water is nct sufficient, incomplete
chemical reactions will take place and proper bonding

of the materials will be prevented. The water-cement
ratio is the combined weight of the mixing water and

wvater in the aggregates divided by the weight of cement,
Waeier—~cenent ratio usually used in ordinary concreting
ranges fror 0,40 to 0,60, The drier the mix, the stronger
the concrete will be as long as it can be fully compactied,
Too much of water can reduce the concrete sirength
significantly., Greater size of aggregate particles

lovers water-cement ratio but increases workatrility

ani sirengih,

R DWORCED CONRCEETE

In the ancient times, mass concrete was used for
siructural elemenis, It was then found out that for
these struciurzl elements to carry thelr intenled lcade,
the quantity of concrete needed wzs alwavs excessive,
hence the elerenis were alweys too bulky and trancfered
more weights tc the foundatians. Therelore, there
wag a need to reinforce the concrete. Lfter pany
researches, steel reinforcements were introduced and
were very effeciive. More studies and researches” ; -
brought aboutl the better use of steel reinforcezent

and its curtailment.



2451

14

As the whole world is under a crumbling economy,

steel becomes too expensive for people to buy

especially in Nigeria, Therefore, there is a need

to find adegquate alternatives teo the use of steel to
produce reinforced concrete used for structural elements
in building industry, The use of Concrete-Timber
Composite is one of such alternatives, HMany studies

and resezarches have been directed to this area,

Composite action of timbers joined together

It is possible that the need to join timbers
together in preparing timber-concrete composite elsments
may arise, especially when the needed length is more
than the length of the timber piece and also when it
is necessary to increase the strength of the elemant,
Wnen this is done, ccmposite action must be mide to
take place by providing rigid interconnections, Nails,
bolts and screws can be vsed as connectors, The degree
of composite action in timber systems ard even in timber-
concrete composite depends on the type and number of
connectors used to attach the component parts and on
the characieristics of the timber itself, Interlayer
slip may results in incomplete composite action,
therefore the effects of interlayer movements should
be checked. Interlayer connection is always used to
improve the performance of the timber beams but where

the interconnection is not rigid, the deflection is

always very high,
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In case of colums, buckling will be high when the

intercomnection is not rigid or even separation between

the timber pieces joined together when subjected to loading.
The use of timber-concrete composite columns in

building industry in Nigeria has not been introduced,

Therefore, publications on this are not available to me,

2.5.2 Timber - Concrete Composite

Mechanically connected thnbér—concrete composite -
systems have been in use in Nigeria of recent, especially
for bridge elements such as decks, T~beams and girders,
The desizn criteria must include recognition that the
allowable stresses in tension for the timber girders or
beams and in compression for columns or posis and &lso
at the interfuces between the timber and concrete must
not be exceeded, Transformed -~ section concepts can be
veed in the analysis, It is necessary that there should
te continued research to assess the effects of long~term
loading, fatigzue, temperature changzes to 2llow ihese new
systens o be fully utilized,

Cerposite 2etion in timber-concrete syotems is no

longer being iznored bty regearchers and desisnevrs,
Conpesite tinber-concrete elements have been us=d
effectively in bridge constructions,

Composite timber-concrete construction in use today
commenly consist of cne of two types given below:-

(1) T =~ beams: timber stringer stems attached to

concrete slab flanges,



16

(2) Slab - decks: Nailed-laminated plank deck over which

concrete is cast monolithically,

It is known that cased timber beams could be used
to support concrete floors (slabs) and could be designed
as T-beams or L-beams depending on the position of the
beams. The concrete therefore forms the flange. To
ensure good composite action shear developers can be
used, A series of nails (say %2.5mm long) can te nailed
to the sides of the timber say at an angle of 450
(25mm into the timber) while the remaining length of these
n+ils (12,5ma) will be in the concrete to improve the bond
(or composite action) beiwcen the timber and concrete,
The nails are slantened so tnat they can check horizental
shear and vertical separaticn, Where arprecizble horizontal
shear is expected, timber shcould be sawed down a few
millizetres inte tha top surisce if used as heowme or all
the sides if columns or rosts (in case shezur along the
column length is anticfpat=d) at say 300mm to 400m intervals
and the alternate btlocks cui cut to craete 2 castellaied

edr

o

rattern to develon the

@

Degsieon Consilawzticn
—

According to Furlong (1373), truly concentric loads
can exist only instantaneously for commosite columns,
Under the action of a concentric compression force, a
composite column should shorten in length, and it seems
logical to assume that all particles of each cross-section

experience the same amount of shortening per unit length.
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From the analysis of steel-concrete composite, the analysis of
timber—concretie composite could be deduced. For axially
concentric column load, the force-strain graphs are given below

(Steel-Concrete Composite Column),

—— e ———

force

P CeApogie siibon
O toneets

- ~_
P
/", ,/ €3] . S{"'"*._( _

P -

o |

Fir, 2.1 Force=strain graphs for wxially concentric colunn load.

The pezk value of rorce; that is Fo,; can be evaluzted reasonably
well by 2ddiing tegether the coverite canucities of concreie
and steel, This will also nold for timber <nd concreite. The
maxinum compression stoansth

Fo = Agfy + 0465 T &0 sesesssnscscensescans (1)

factor C.85 has been zrrlied <o nodily the materiz. control
values of Concrete Compression Strengih.
Ay = Cross~sectional area of timber
fy = Compressive strength of timber

Ag *=-Cross-sectional area of concrete

fc = Compressive strength of concrete
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A composite tanpent-modulus form of strength-slienderness
behaviour represents a lower limif to column strength Pg.

A buckling load Pg can be expressed by

Pe = 'IIfiEEi seadsasnseanns (2)

(K1)?

according to Knowles ant Park (1969). K1 represents the
effective length of the compressicn member and Ela represents
an effective tanrent -~ modulus stiffness for the crosa=gsection,
- BIa valve can be estimated frﬁm characteristic stress-strain
rroperties of tfimber and concrete, For purroses of desirn,

. stress-strein funciions for timber and lor concrete, once

- expressed in analytic form, can be differentiated to obtain the

the slope of each as & function of sirain. Theses slopes
repregent tanpent—modull for s2ach metsvrizl, Then {or any sir:in

level

~

Taep 1§ & - B . s ey = : P
onliy nall of the moment of inertiaz of cinemrese iz susoested

nere becaugse it sheuld be asswasd that something less b

!
/

Uzing many values of strzin at different levels, and evaluating

equation {5) en adequate strength-slenderness design curve can

be ploted, ; -
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It is to be noted that if P,y is less than 0,5Pg, long-
column behaviour should bz assumed, and 81 = B¢ It + % B¢ I

should be taxen as Ela,
E; can be estimated from BRS research (76) formula

Ec' = 9'1 (3 fcu) Sas s b Bssesraes aras e bae (6)

Therefore, the effective length X1, at which long column action

commences can be computed from

l{lc =TT' o1

O.EPO
In general therefore,
ey 2
= P - (2= B - :
Pcr = *0 {1 = ch) )' .‘\1( .‘:lciloo.uoa-oanl (B)

Pcr = ~TI—2 :}- y :{l ? ,:1C dessssasasannag (9)



CHAPTER THREE

PREPARATION, TESTING PROCEDURE OF THi SPECIMENS AND RESULTS

3.1.0 TEST ON PHYSICAL PROPERTIES

P M| Determination of Density of the Timber

Density is defined as the mass cof unit volume,
ani is therefore obtained by dividing the weisnt by
the volume, The density of timber is of practical
interest because it is the best sinzle criterion to
predict the strength, A relationship exists between
the specific gravity and strength because those
preperties depend much on the thictmess of the walls
of individual cells and the proportions of the dilferent

kinds of tissue in the timber,

Procedure: Three numnbers 20mm x 20mm pieces were cut out near
the middle point of the timber length, Zach was
weighed using & balance called C=RTLING, Using the
weirhts from the resultis, the density of the svecimen

-was determined as =7Hwn below:
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i -3
Density (P ) = Weight (kg) - 7.41 x 10
’ Volune (a?) (20 x 20 x 20) x 1077

= 926.3kg/n’

Table 1 : The Density (Py) of the Timber

ample |  Weight (kg) | Volume (2”) | Deneity (ke/m’
1 7.1 x 1072 | 8 x 107 026, 3
2 7.35 x 1072 8 x 107 916.8
z 7.5 x 107 6 x 10~° 9375

Averaze Density Value = 92?.5kg/m5

3,1.2 Deterzination of tkhe Mcisture Conient of the Tirmber

Oven-dry method was used to determine the moisture

centent of the timber, In this method, the moisture

content of ithe moment was obtained as follows:

Initial weight of sample - dry weight ol sazjle
100 X

Dry weight of sample

The initial weight of sacple is the actual weight
at the time of test, and the dry weight is the weight
of the sample after the moisture has been expelled,

Sampling: Three numbers 20mm x 20 mr x 20m: pieces weru

cut out from the tizber length., One at abou:

600 frox one end of the timber ani anoiher

a2t the same distance from the other end.

The third sample was cut out from middle,



22

Apparatus: The apparatus used were a simple balance
called OERTLING to weigh the samples, and
- @ drying oven that could be maintained at

a constant temperature,

Procedure: Immediately the saaxples were cut out to shape,
they were weighed in turn, This is to minimize
the chance of a sample picking up or losing
moisture to the outsice atmosphere, The samples

re then transfered immediately into the oven
which has been kept runing at a temperature of
60°° for some hours to prevent ihe moisture in
the cenire of the saxmples from being sealed in,
as a result of case-hardening. The temperature
ir ihe ocven was then raised Lo 102°c. The samples
were left in the cvern overnight, The following
morning, the saarles were re-weighec and put in
the oven again for some further hours anli re-
weighed, The weighings were dcne very rapidly.
The weights got then were close to the former
values, These last values were taken as the dry
weights of the saxjples,
The caléulation of the moisture ccntent is shown
below:

Initial weight - dry weignt

Foisture Conient(zm) = X 100
dry weight
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_ Sample 1 : Moisture Content{m) = 7.3° -=6.9 x 100 = 741%

“.7 Table 2 : Moisture Content(m) of the Timber

tst (Initial) { 2nd weight | 3rd (dry) | Moisture

Sample{ weight (g) (g) weight (g) | Content (%)

1 7033 6.95 6490 7.1

2 755 710 6.95 8.6

3 7.61 7.16 7.10 T2

Average Moisture Content of the Timber = 7.6%

. i o e e ot o e
———

3,2 T2ST 0N MECHANICLL PROPSRTING OF TDdR

3,7,1 Determination of Compresgive Strencih Paxallel to Crain

2

Tt is knowm ihat hijh.sﬁréﬁgth in eompraszion
parallel to timperts srain implies that tha.timher is
~gend for colurmg, posiz ete, The sumple talon here is

larpe in créss—section&l area conrire to the lensth

seticeo the column's lengthy are alwmys

o
a
Q
&
3
i
o
&
(=)
e
i3
L
a

large eamgpare 19 the groosegsectionsl eglzes and therefore
' failure.ia more likely in berdinc,
Sampling: “owr naumbers 60-=m x 20mn i 20mm pizees of
" the fimber ware cut out, The 6Cmm iength

was along the grain,

Lo ™

— "
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Machine: Ivery Denison Compression Testing Machine Model
TeI.B./MC and maximum capacity of 2500KN was used to

crush the specimens., Unfortunately, this machine could
not plot graphs nor give deflection values, The only

reading that could be recorded was the failure load,

Procedure: The test piece was placed cn end of the flat
surface bearing of the machine, and the load
was then applied through 2 plate acting on
the full sectional area of the test piece, and
parallel to the grain of the timber, The
egpecimen was loaded tc failure ani the maximpum
failure load was recorded, The calculations

of the stresses are as follows:

Load

Compressi ess (0T, -
ompressive gir ( P) Cross-Sectional area

Saxple 1 ¢ 1,2 x 103 = 9B K/mmz
20 x 20

Table 3 s Compressive Stress Parallel to the grain of the Timber

Saxyple Sizee (m=) Failure Load (K) | Corrressive Stress
(8/mx”)
1 60 x 20 x 20 7200 16.00
2 60 x 20 x 20 7100 17.75
3 60 x 20 x 20 8000 20,00 -

Average Compressive Stress (Op) = 19.04 N/mnz
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Determination of Modulus of Elasticity (Dynamic) of Timber

Usine Ultrasonic Pulse Velocity Bsuirment (PUNDIT)

Pundit equipment is an electrical equipment used to

determine the modulus of Elasticity of a material., The

equipment sends electrical waves through the specimen

and tne time in micro-seconds talen the waves to pass

through is

recorded by the ecuipment, from which velocity

can be calculzated.

Sampling:

Preocecadure:

For Saméls

Four pieces of tne timber with different lengths
were cut out of tae =lank, The ends of each
timber piece were ;reused, Bach piece was then

weiprned,
The enis of the two transducers of the equipment

were prezsed, The ends of the reference metal

bir were zlur pre.sed and the transducers were

nl.ced one ¢t ane ent of tie bar 2nd the ciaer &b
> ny P e— Tl &S 1 v A Ae -"tar‘.\ 7
the other end, Tae eguipnent was then adjusted to

2 reference value, The specimen was then greased

38mm x 39mm x 506mm long.

(55
3
%
o]
w
s
8
]

Weight of the specimen = 561,69(g)

Time recorded = 101 Ilsec,
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* Density of Specimen(ﬂ) . ——lish = T.479 x 10-46/;@3
" €/ 38 x 39 x 506
y Length
Yelocit = —— = 06
e Time 2—-—- = 5009,%mm/sec,
101 x 1072

From the following formular, modulus of elasticity can be

calculated

-

Yelocity =] Et{1 =)

f-t ('l' +"?’t) (1 - 21’;)
woere V; = Poisons Ratic = 0 for wood

jt = density

E, = wmodulus cf Elasticity

t
- .
. ‘;‘JC?.9 = r-’t(' - U)
7046 x 107%(1 4 0)(1 - 2 x o)
Ef = 1€799N/mn”

Table 4 3 Modulus of Elasticity of the Timber by Pundit Test

ieagih{Tine Cross {Weight|Velocity|Density Modulus of
Sazple| (mz) [(Bsec.)|Section] (g) jm/sec g/mj Elasticity
mn X mm ¥/mm?)
1 506 101 38 x 39| 561.€]/5009.9 |7.49x1074| €795

2 510 104 |} 39 x 39| 690.4]490%.8 [€,9x10~% | 21402

31510 | 101 |39 x 39| 564.5[504%.5 |[7.28x107% | 15562

L

—-—

Average Modulus of Elasticity By = 19,93:/mz?
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Detqrmination of bondinz strength between the timber

and the Concrete

This test is necessary because of the influence

the bond between the timber and concrete has on the

overall strength of the specimen,

If composite action

does not take place, the concrete will separate from

the timber easily under loading,

Sampling:

plank,

Four pieces of timter were cut out of the

The average cross-—sectionul arzz

of the timber piece was 2{mm x 24mm,

Machine: Universal Testing lachine fodel 7104 DCJ and

paximum capacity of 1000ZN wes used for the

tests,

o

Procadures

ragh ‘conerete of charuscteristic strenzth

- N P . =
of 22,581/mm (12214 mix) uced for preparine

the timber~concrete cclumn sp2cimens was

cen-:r:,_l] W oawd vers 2

poured to different levels, so that the

Pl

-

1y,

into metalic eylindericzl nmould into

was already pl:ced

Ly ] -
1712 CINCTYETS WS

of the timber in the concrete varicd from

cylinder to cylinder,

The following day, the

concrete with the timber at the cenire was

carefully removed from the mould amd placed in

water for curing in the curing room.
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Water level was just very close to the
brim of the concrete so that water would
not penetrate through the interface of

the timber and concrete from the top,

On the 28th day, the specimens were removed
from water for testing., The upper jaw of
the machine held the timber securely while
the lower jaw held the concrete firmly

and pulling force was applied by the machine
until the timber was pulled out of the
concrete. The pulling force was recorded,

The bond strength was calculated as followsi-

For sample 1: Cross-section of ihe timber = 29m x 25mm

300mm

Length of timber in concrete

- =)
4(25 x 300

= 30000ma’

Concrete~timber contact area

Pulling force = 58,BKX

3
Bond Stress (fct) = B0 % 1,965 /ma?
30000
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Table 5 : Bond Strength between the Timber and Concrete

Timber Size| Length of Timber-Concrete | Pulling [ Bond

Sample ( ) Timber in the { Contact area Force Stress
mn X mm Concrete 2 KN oy 2
(m) | () ]

1 25 x 25 300 30,000 58.80 1,96

2 24 x 24 300 28,800 55.87 1.94

2 24 % 24 225 21,600 43,20 2.00

4 21 x 21 150 12,600 24,00 1.50

5e244

Average Pond Strength (fet) = 1,95 H/mm2
la==s s = — ——

Determination of the Concrete Cube Strength

Below is the table of the Concrete Cube Strength for each Specimen:

Table 6 : Sirength of Concrete from Concrete Cube Tests

Sample gize of Ape of’ ‘deightnor Cube Failu_m Strength gf >

ube (mm) | Cube(days) (kg) Load (i) |Concrete(N/mm®)

1A | 1502150150 36 7.8 550 24.4

g | 150x1502150 36 Te5 560 2449

1c | 150x150x150 36 745 530 23,6

2, | 150x150x150 -55 7.5 515 22,9

2z | 150x150x150 33 Te4 513 22.8 -

20 150x150x150 33 Te5 516 —2“?*.—““%-

34 | 150x150x150 32 7.6 502 2243

<5 | 150x150x150 ' 32 7s5 513 22-8

3 | 150x150x150 32 7.5 506 22,5

4y | 150x150x150| 34 7.8 475 21,1

4r 1 150x150x150 34 N T8 470 20,9

4p | 150x150x150 34 8.0 470 20.9
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Sample Size of Age of Cube|Weight of | Failure Load | Sirength of
Cube (mm) (days) Cube (kg) (EX) Concrete
(/2%
5, | 150x150x150 32 7.8 502 20,3
Sy | 1502150150 32 76 51€ 22,9
5¢ | 150x150x150 32 7.6 435 22,0
343 PREPARATION OF THE TIMEER-CONCRETE COLUMN SP=ZCIM=NS
5.3.1 IDimber

Mahogany from dry zone vas used,

seasoned,

Tne tinber was already

Mcisture ccontent tests were carried out and

recorded in this chapter (Table 2), From the Nigerian Code

of Practice on Wigerian Timbers,

the following

ropertiess

thie type of mahogany has

Botarnical|Dersity at |StrengthjNatural Fesieiance
! 18% Moisture — Movement| Shrinkage
Kaxe 4 Grou Durabilit
- Content P ¥ Impregnation
(ke/m3)
m:!—n Very
- . 816 N Duratle i Small |Medium
uenega.esﬂ 5 Reslsiance
L S

Zoreholes in the timder piece are about 5 in

- a

a0 -

VST

and h?x'e

diameters between 1,5mm to 3.0mm. There is no decayed

part in the piece.

Therefore, the timzber is in grade 63,

Checks are about # trhickmess of mazier,

The timbers were sawn into cross-section 36z x 38mx and

of various lengths as shown below:
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(A) 5 No x 38 x 38 x 1200mm
(B) 5 ¥Nox 38 x 38 x 1000mm
(C) 5 Nox 38 x 38 x 800mm
(D) 5 ¥o x %8 x 38 x 600mm
(B) 5 DNox 38 x 38 x 400mm

The timber pieces were not smoothened to improve
the bond strength between the concrete and the timber.

Grooves were not made on the timber pieces and nails
were not applied as means of improving the bond because
the timber size is small; these may weaken the timber

if applied,

Concrete

The coarse aggregates are crushed aggregates, most
of which are angular in shape. The aggregates are hard
and without dirts, It was well graded .- The maximum size
was 9mm., Dusts were sieved out of the aggregates. The
fine aggregates were sharp sands and sieved with B, S5,
gieve 4.76. The slump was between TS5mm and 9Cmm.
Mechanical concrete mixer was used. Ashaka Ordinary
Portland Cement was used, The quality of the cement
could be said to be alright because there were no traces

of caked cement.
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I

Steel Reinforceﬁenté

A steel fabric reinforcewent was used to envelope

-

the timber piece. This is to check ény.cracking that
may occur ard to increase the cover concrete sirength.
The first twenty=-five specimens have this steel fabric

reinforcement. Another three specimens'were prepered

. without steel fabric reinforcement but with the same

curing method as used for the twenty=-five specimens.
A set of another three specimens were also prepared
without steel fabrie reinforcement, but different curing

procedure, These last three samples were not wetted

. with water as others but sacks were spread on them in

3344

thé curihg room for the usual 28 days. Both longitudinal

&nd transverse steel, miking the mesh are averapgely

. 2.95mm in size and the pitch which is square is 50mn x

 50mm centre to centre of the steel. The steel fabric

was bent by the machine to the reguired shape,

[ f\’ .
%
Formworks ---ﬂ%;
@
18.,mn thick plywood was used -
?
- to prepare the forms., The forms for every set of five ﬁ%%;
column specimens were ssated on planks levelled enough t%;

for that purpose. The column's forms were then traced g;&
together at intervals from bottom to the top, Flumb was a
used to make sure that the forms were vertically erecied,.

Apar£ from bracing the column forms together, each form, R

was braced squarely at the bottom, middle and iop

positions., OSteel claaps were also employed when necessary.



Plate ii:

Formwor)
rYormworks prepared f
KS prepared f

e the column
Oor 1he column specimens
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Concrete Placement

The central point of each timber, cross-sectionally,
was located at each end and a swmall nail was nailed at
this position and passed through the form's end cover
to keep the timber at the centre of the form. Then the
steel fabric was placed and lapped properly in between
the timber and the inner face of the form., The five
forms were oiled, When the concrete was thoroughly mixed
and slump itests were -done, the concrete was then poured
into the form gradually and external vibrator Ien:ployed
until the form was half filled, This procedure was
feollowed for all the five forms., Then starting with
the first one again the remaining half of the height of
the form was filled and vibrated well erough io eradicate
honey cowts. This sysiem was chosen so as i¢ mindmize
any difference that may arise w;:thin the five samples
due to concrete placement and to make sure that the

concrete for the five samples is uniform,

Curing
The specimens were left in their forms till the

third day and then removed tc curing room, The saxples
were watered and covered with soaked sacks. This curing
continued for at least 28 days. There was a set made

up of three specimens prepared in the same vay as the

~first twenty-five specimene but without steel fabric,
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The curing was in the same pertern. - Another three

specimegg were prepared without steel fabric reinforcement

N

but were just covered by sacks without wetting them with

water,

T .

Testing of the Timber-Concrete Column Specimens and Test Results

Post of columns with Steel Fabric

The first threc sets of the columns were taken out
and painted with white paini, ready for iesting, It was
zot possitle io test esch set at Ahe 28 days because the
machine to be used was on reﬁair.'ihfier_the paint had
been allowsd to dry off, the former mmbers ﬁf the samples
vere re-prinied on theﬁ. The firsi set of five samples
were numbered 14 to 1E and the second set 23 to 23,
likewise other sets, Universal testing machine wes used
for the tests, The.machine could record the failure load
and plet the graph of load against strain., 411 the column
specimens were loaded axislly and compressive failure
force recorﬂéd. The base on which the sample was placed .
could rotate freely (Pin jointed) 4o remove or minimize
shearing effects, Celo;ex boards were placed on both ends
of the sample &uring the test to allow uniform distribution
of the loads on the column. Plupb was also used to make
sure that ithe colum was vertical, so as to eliminaie or

minimize eccentricity, Table 7 shows the resulis of all

L
N

the columns tested, 'qw¢7.¢5§{§*"
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Specimen on test

Colums

Plate iii;



Plate iv:

Column Specimen after test
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Plate vi: Column specimens without steel fabr

cracked before test.
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' 8pecimens that

.40

T

Test of Columns without.éteei Fab

rie

The remaining Specimens without steel fabric

reinforcements hed serious cracks, even those three

covered by sacks,

therefore they were not tested,

were not wetied with water but Just

This was counted &8 failure and
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TABLE 7 : TEST ReESULPS OF WNCASED TIMBER COLUMNS LOADED AXIALLY

COLUMN| OVEHALL T IMHBER CONCHEME] SLENDEHNESS] DATE CAST { DATE TESTED CONCLETE JCONCHETE] W IGHT ».;.LrEt.H_ CUMMENT
SIZE SILE COVER . AGE OF LOAD |
o (o x mo) [(mo x ww)] (o) e DAYS MIX ) coLumy KN
(kg)
1A 75xT5 |38 x 38| 18.5 16 19/03/1990§ 23/04/1990 26 1:2:4 [15.,0 [118.5
13 | 75275 |38 x 38 | 18,5 16 19/03/1990] 23/04/1990 | 36 1:2:4 [15.2 |122,0
1c 75 x 75 | 38 x 38 | 18,5 16 19/03/1990| 23/04/1990 36 1:2:4 | 15.7 |120.5
1 75x 75 |38 x 38 | 18.5 16 19/03/199C) 23/04/1990 36 1:2:4 ]14.8 ]126.0
1z 75x75 |38 x 38 | 18.5 16 19/03/199¢] 23/04/1990 36 1:2:4 |14.6 [119.5
2y 75x75 |3 x 38 | 18,5 13.5 22/03/1990] 23/04/1990 33 132:4 |12.6 |138.4
23 | 75x 75 |38 x 38 | 18,5 13.5 22/03/1990) 23/04/1990 | 33 1:12:4 13,2 ]132,0
2 795 x 75 |38 x 38 | 18,5 13.5 22/63/155% 23/04/3550 35 i32:4 | 13.5 56,0
2p | 75x75 [38x 38 | 18.5 135 22/03/1990 23/04/19% | 33 132:4 | 13,1 | 129.5
oteel Fabric
2p 5 xT5 |38 x 38 )| 18.5 13.5 22/03/199%4 23/04/1990 33 1:2:4 [ 13,5 J79.0 |Splited at lap,
. Steel fabric
34 | 75x75 |38 x 38 | 18.5 10.7 23/03/1990) 23/04/19%0 | 32 1:12:4 | 10,2 |89.6 splited at lap
33 J79x 75 |38 x 38 | 18,5 10.7 23/03/1999 23/04/1950 | 32 1:2:4 10,5 }198,2
3 T5x75 |38 x 38 | 18.5 10.7 mu\Ou\;wmﬁ 23/04/1990 32 1:2:4 ] 10.6 | 163.0
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TAELE 7 CONTINUED

COLUMN| OVERALL TIMBER CONCRETE| SLENDERNESS| DATE CAS DATE TESTED| CONCRETE| CONCItE'E] WEICHY FAILURE COMMENT
o Awsﬁw um) .M..H.mw X mm) omﬁuﬁ RATI0 wwwc Bia mmEE,._ s
(kg) |xu

3p q 5x7T5 38 x 38 | 18,5 10.7 |23/03/1990 { 23/04/1990 32 13234 10,6 | 164.0 ,

3 } 75x75 | 38 x 38| 18.5 10.7 |23/03/1990 { 23/04/1990 32 1:12:4 | 10,6 | 168.0

44 | 5x 75| 38 x 38| 18.5 8.0 128/03/1990 | 30/04/1990 34 11234 7.3 | 184.0

4 | 75x75 | 38x 38| 18,5 8.0 128/03/1990 | 30/04/1990 | 34 | 1:2:4 | 7.6 | 190.0

4 w. 75xT75 ] 38x 38| 18.5 8.0 }28/03/1990 | 30/04/19%0 34 11214 Teb 189,1

o I 75x7T5 38 x 38 | 18.5 8.0 28/03/1990 | 30/04/1930 34 1:2:4 12 182.3

4 i 75 x 75 38 x 38 | 18,5 8.0 |28/03/1990 | 30/04/1990 34 12234 7.6 188,0

S | T5x75 ] 38 x 38 | 18.5 5.3 |30/03/1990 | 30/04/1990 32 132:4 | 5.5 | 198.0

55 | 75x75 | 38 x 38 | 18.5 5.3 [30/03/1990 | 30/04/1990 | 32 | 13214 | 5.4 | 200.00

5c 75x 75 | 38 x 38 | 18,5 5¢3 | 30/03/1990 | 30/04/1990 32 122:4 | 5.6 | 209.1

5D x75 | 38 x 38 | 18,5 5.3 |30/03/1990 | 30/04/1990 52 132:4 | 5.9 | 196.0

58 | 5x75 | 38x 38 | 18.5 5¢3 | 30/03/1930 | 30/04/1990 32 132:4 | 5.6 | 169,7 | The concrete

around the

top end removed
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CHAPTER FOUR

ANALYSIS AND COMPARISON OF RESULTS

COLUMN SPEC TMENS

The test resulis of all the timber-concrete composite
columns were given in Table 7 in chapter three, Here,
the analysis of the columne theoretically will be carried
out and the corresponding failure loads will be presented
and compared to the values got from the tests. Method
of transformed sections will be used for the analysis.
There are two groups of the columns, one being short

colums and the other slender colums.

THEORETICAL ANALYSIS

Method of Transformed Section

When two materials are involved in a section, for
the purpose of analysis only, one material can be
converted to the other by replacing it with an ecuivalent
area, so that the section can be analysed as if it were
made up of a single material, This method is known as
method of transformed section. This method can only be
useful when there is composite action between the two
materials, Censidering the section of the specimen shown
in Fig4d below, the section is assumed to be under the

action of a bending moment M applied about say CX,
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Fig 4,1 3 Cross-section of the Specimen (Dimensions in EEQ

If the timber is bent into a curve of radius R, then,
from simple theory of tending, the bending moment carried

by the timber is

e (1)

Where (El)t is the bending stiffness of the timber, If
the concrete with the steel fabric reinforcement is bonded to
the timber securely (this is true considering the bond strength
test results in table 5), composite action will take place
and therefore, the concrete with the steel fabric will bend

to0 the same radius of carvature R as the timber,
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The bending moments carried by the concrete and the steel

fabric on both sides are then

Mo = (s wam, = (21),
# R

Where (EI), is the bending stiffness of the concrete and
(EI)g is the bPending stiffness of the steel fabric s

The total bending moment is then

Moo= M+ M, 4N, = % Esl)t+(m)c+(}:1)r—l

This gives 4 = A deeEeien (2)
= (E1)y + (EI), + (EI)g

Clearly, the section behaves as though the total bending

stiffness EI were

El = (EI)4 + (ED)g + (BI)g sevennse  (3)

If By, E; and Eg are the values of Young's Modulus for timber,
concrete and steel respectively, and if I4, I, and I are the
second momenis of area about cx of the timber, concrete and

steel respectively, then

EI = (EI){ + (EI), + (EI)S = EtI; 4 Eclo + Eglg «oe  o(4)

Then BI = Eo |(Bt) 1, 4 ; A Be) 1] eiiieerieneiennee (5)
: Eo -

If Iy and I  are multiplied by (Bt) goq (Es)

E)  (Fo)

respectively, which are the ratio of Young's moduli for
timber and concreteltgnd_steel and concrete respectively, then

from eguation (5), we can see that the composite section may .

be treated as wholly concreie, having an equivalent second

monent of area
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The bending stress Ocs in a fibre of the concrete care of

the section a distance y from the peutral axis is '

I,
: e - . ' M o= g EI), + (EI)y + (EI)g )
on eliminating B | S ' .
Flc = y H . IR R A NN ENENEENERRENENERENY) (T)
1 JEtIe) | [Esls
Fole; \Ecle
‘Then )
0’?;;= ¥ey : : o
I Q F B 4 BTG\
. - . ECIC ECIC . '.-.
c_c.:g = Mey L '
Ic+(E-—t—) I + (ES) IB a4t Ly rau N sy Ay \:8)

= t .
(ch _ (EZT

" The berding stresses in the concrete core arz found
therefore by considering the total bending romerni M to be
carried by the iransformed concrete sectlon,
The longitudinal stirain at the distance y from the neutral

axis CX is

g':g_EE: Mcy

Ec. . ECIC + EtIt + ESIS




in the timber is R R

EBe) 1 41y i, (9)
o (5,) T &

CT%S = tii =

and the stress in the steel st this level is

o—s’s = Esz = Mty : ‘
AR P o>
-,(Es) (Es)

Since the strains in the timber, concreie and the steel
are the same &t the séme distence ¥ from the peuiral axis,

This ccndition of egual strains‘is implied in the assumpiion :
made ezrlier that the timber;-concrete and steel components.
of the section are bent to the same radius of curvature R.

It is also possible to re.pla.lce. tl;:e t‘imber é.nd the sieel by

. an equivalent area of concreie respectiively, To do this,

it is necessary to obtain & force in the 'ecuivalent' concrete

- equal to that in the timber, an area of concrete 4.’ musi
be used such that

Oa At =07 44 teeverenneienenes o (11)

Likewise it is necessary to cbitain & force in the 'equivalent!'

concrete equals to that in the steel, an area of concrete,

-

-

A" myst be used such that

-

Cehe” = 0p bs  nevecreerererane (12)

butE=_Cf_#_}C5‘= E€



Therefore, from eguation (11) substitute for O and O3

e Ec Ao = €, By &y

Therefore .lc‘ = g_t. ﬂ At Besshessssnenne (13)
Ze Ec
Ac" = £B Es L R (14)
£o T /s

However, since the equivaleni concreie area for timber and

for steel are to be placed at ihe same level as the timber

and steel respectively, the strain in the equivalent concrete

must equal to the strain in the timber; the same holds in the

steel,
ThErBforE Ac' = gt: L't, BB ERENEAEREREERNEE (15)
n
m "c o ,.E_a. "B fBsdRA A RaN s aRA RN (16)
Ec

.To find the position of the neutral axis which may be considered
as paseing through the centroic of the section, in this case,
ike section under consicderatior. is the transformed secticn;

it is only necessary to determine the centroid of the section,
by equating the first moments ¢f area of the transformed

section above and below the nevtral axis, For all the specimens
of this project, the nfutral axis is etill passing through the

centre of the section after trensformation,
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4.3 Elastic Buckling of the Column Specimen

'\. When & structural memﬁéf ié?unaéf ;;g;;éééive
stéeasea, the member may develop relatively large
distortions under certain critical loading conditions.
Such structural mezber is said to buckle, or become
unstadble, at these critical loade.

& perfectly siraight element of uniform creoss— f. .
gection has iwo axes of symmetry CX and Cy shown belcw.(;-’;:% 4.3 ¢c)
The element is assumed to be pin-jointed at both ends,

- It should be noted that the neutral axis of our section
(specimen) passes through the centre point of the
seciion and &lso, during the testing of ibe specimens,
each cce was pin-jointed al both ends, Thz eni ihrusts

P are applied along the centroidal axis CZ2 of ithe column,

. Supposing L is the length of the column ani EI fs the

flexural stiffness of the transformed section for tending
abvout CX, OSince the section is square, th2> Question

| of major axis and minor axis does not aris:. Therefore,

bending can take plece in the ¥2 or X7 plaie, It will
be assumed here zlsc that the cortribution of the steel
(vertical rods) in carrying the axial load is negligible
because the pitch of the steel fabric is 50me and
iherefore not more than 1we veriical rods can be at

each face of the specimen and alsc the rod's diameter

)

is only 2,9mm,
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' Fig. 4.2(c) : Cross-seciion

of the specimen

i

Fig.4.2(a) Fig. 4.2(b): Assumed deflected

Longitudinal Section

specimen
of the specimen



Consider the possibility that at some velue of the end
thrust P, the colum can buckle laierally in the yZ - plane,
There can be no lateral deflections at the ends of ithe columm;
suppose Y is the displacement of the cenire line of the column
parallel to Cy at any point. Note also that at the end supports,
there should be no bending moment since they are pin-jointed,
The force P is also assuxmed to maintain its original line of
action after the onset buckling, The bending moment at any
section is.%

B = PV cesessvessnscsscnceses (17)

Where M is the total bending moment on the section i,e
M = M; + M, which is a sagging moment in relation to the

axes Cx and Cy. But, th2 moment curvature relation for the

beam at any section is ' 2
M = - EI -‘3—% RAAAS S NS (18)

aZ

Provided the deflection 7 is small,

Therefore' - EI 'd_";- = FY Prsenssntstrrnne (19)
az
d2v
é EI --2- + w = 0 I E A R RN E R R R R R R R R N L] (20)
dz
Let _P = 182
EI
dzv
Then -5 + Is% = 0 R R R R R R R R RN 1l (21)
daz

The general selution of this differential equation is
? = LCOSKBZ"‘BS]-'D sz R N N N Y » (22)
Where A and P are arbitirary constants. We have two boundary

conditions to satisfy:
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at theendsZ = 0 and 2 = L, V = 0
Then A = 0 and B Sin KgL = 0 ecevcrrcecsoscs (23)
Considering the implications of the equation BSin KL = 0,
which is derived from the boundary conditions. If B = 0,
then both A and B are zero, and obviously the column is
undeflected, If, however, Sin K. = 0, B is indeterminate,
and the column may assume the form
¥ o J0I0 KD sesrvensevonsensnna n L24)

This is the buckled condition of the column,
It can be seen that B is indeterminate when KgL = 9T,
2TT sueees etc,
'ke can not consider the solution KI. = 0, which implies
X = 0, since the soluticn of the differential equation is
not trigonometric in form when X = 0, Instability occurs
when
1

2

P« K BI = etc.

The fundaxzental mode occurs at the lowest critical lead

Pe = nziE_z L N . (25)
L2

This is known as Euler formular and corresponds with

buckling in a single longitudinal half~-wave,
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Limitations of Euler Theory

The assumptions made that the element is perfectly
straight and of uniform cross-section and that ihe end
load is applied axially through the centroid, id;ally
is not practicadble. There is always some eccentricity
and initial curvature present. There is always
considerable uncertainty as to the values of these
deviations. Therefore, it is necessary to apply an
empirical formula for the analysis of these specimens.
Due to these imperfections, the columns will sufer a
deflection which increases with the lcad and concegquently
& bending moment is introduced which caused failure
before the Euler load is reached. The fact is that
failure is by stress rather than buckling, The deviation

rom Ewler value is more marked as the slenderness ratio
say 1/r is reduced,

From Euler formular derived in 4.1.2; for pin-endied

cclumns, EE = TT?EI
A

O ™
" ALZ

» TR ssciiveresiiiie (26)
(1/x)?

giving the curve shown below (Pig. 3)

3 Pig.4.,3 ¢ Stress (¢) - Slenderness

ratio (L/r) Curve

o

»

Euley .
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Ir O exceeds 07, the elastic limit or yield

in compression, the column must fail by crushing along '

stress

the 1line BD (this ic the region of short columns

Allowing for imperfections of loading and column,

actual values at failure must lie within and below ABD,

-
Lo

44145 Rankine = Gordon Ferrula ;  .

Rankine and Gordon derived an expression for the

' failure load on cclurns which accounts for the

imperfections that may occur due to initial bending of column

or initial eccentricity. If 0 is the actuel siress

%o cause failure ant 0, and Ug as defined in 4,1.3,

the equation : I

will produce a curve which is tengential to Og as L/r—»0, -

1 = 1 + Al ccunlooono:' |

-

i
i

|
{27)

I
4

L ]
. .. snd tangential toa'; as L/r-» oo, This satisfies %

both limiting conditions, and for intermediate values .

0 =0eCe _ Te
T
IIFor api;;-ez:;e:; célﬁmn, from équafz;.on (26) "
o, = e’
L2

. D= or S
o 2 ‘ .
1+ EW:E; &} crreieseraienan

will be less than both 0C and O, from eguation (27)

(285 |




Oc___ can be replaced by a constant say K, To make
s o y
allowance for unknown imperfections, the value of ¥ -7 oo

depending on the material and on the end conditions,
Rapkine and Gordon then give the load as

P = &L = Oc 4 svrsessesssvenay (29) -

1+K
T

¥here r = radius of gyration,
This formular will then be used to calculate all the
failure loads on the colvmns {.heoretically and compared

to the loads recorded from the tests,

4.2.0 Calculation ¢f the failure loads for the Columns

o SR -
' P = o_;;_ﬁ_ _ I %
- T %,
ey %
; B+ : "
O {working stress) recommended for timber in.uS].ng %
this formular = 35 H/mz and X = A z
S . S : 3000 ‘:‘
\ T A = At + AG erenrevandan (30) (from trangfomed %
I ) . . - . :. a %
section see 4.1,1)
A = At *E_c_ A.c X2 EEERER -(51)
By . -

o 4, (cross-sectional area of timber) = 14441::1112

2
Ao (ercssesectional area of concret.e) = 4181mm

REE

. | Young's Modulus for concrete (Eg) will be estimated
from ERS research (76) formula = -
Ec = 9.1 . r sensaddand (32)
oy Tew A

17R
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The concrete strength will be taken from table 6 (average).
B; (Young's modulus for timber) = 19.93 KN/mm2

(average see table 4)

r (radius of gyration) = I

Specimens 14 to 1y

Length of columng = 1200mm
~ Strength of concrete (from table 6) = 24,3 /mm?
Eo = 9.1 (24.3)%73 = 26,1 1¥/m?

Et 19,93 ¥8/m?

n

. E
A A &
2 +Et c

= 1444 + 25.1 x 107 x 4181
19,3% x 107

6919.4 mx®

n

*s height of seciion = width of section (sguare section)

) J 6919.4

= £3,18mm
Therefore, the transformed section is drawn below, all

tizber. (Neglecting the steel fabric see 4.1.,2).
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by
1

§3.1gwm =
'S
e g3'f.8mﬂ1 |
Pig 4.4 : Transformed Section, all timber
r =
L
A

Iy = §3-1_8 x 83,187 . 3,989 x 106 (transformed section)

12
b = 5.959 X 106
6919,368
= 24.0122

eo P = 351 6919,368
1 + 2 f{1200\2
3000 \24.01

= 132,1KN,
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4,3.0 The mean and other statistical values of the

Column Test Results {From Table 7) . L

Specimens 1, to 1E

-

Mean of results?(-

11845 + 122.0 + 120.5 + 126,0 + 119,5

5
= 121.3KN _
Standard Deviation & = —
. = (X—-%K)2
\ n-1
3.3
4
= 2,95
. e o
Coefficient of Variation Vf = = x 100

I
N
L
O
WY
L4
-
Lo
o

]
@

Standard ¥rror = o ) : _ o

9

2

5

L 1.51
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TABLE 8 : MEAN AND OTHER STATISTICAL VALUES OF THE
COLUMN TEST RESULTS AND THE THEORETICAL

FAILURE LOADS

Sazple|Mean Failure|Failure Load |Standard [Coefficient |Staniard
Set |Load (TzsT) | (TERORBTICAL)| Deviation| of Variation|Error
(kX) (&) | (mst) 07|V (mEsT) (%)) (rEST)
1 121.3 132.1 2.93 1.9 1.3
2 134.,0 150.0 15.87 1.9 7.9
3 163.3 172.3 16.9 10.4 8.5
4 186.6 192,1 1.8 6.3 5.3
5 200.8 216.5 32,9 16.4 16,5

444.0 DISCUSSION ON RESULTS

The results of the tests clearly indicate the possibility
of using encased timber column as an alternative to conventional
steel reinforced concrete columns, especially in low cost
housing schemes, The results are however, lower than the
theoretical values, This may be due to many factors, for example,
the ccmpaction of concret® in the specimen may not be the same
with that of the concrete cube whose crushing value was used in
the computation of the theoretical failure load; assumption of
purely vertical and pin-j?inted ends of thé column at test may
not be wholly achieved, likewise other unattainable theoretical

assumptions,
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The moisture content of the itimber used was low

(7.6%6 averagely), therefore, the timber absorbs water from

the fresh concrete and swells, but shrinks when the concrete

dries, this may lead to iensile stress being developed in

the concrete and then plastic crack results,

This may be

the state of condition of the six apecimens which were

without steel fabric but cracked before testing.

COST ANALYSIS FOR A TYPICAL COLUMN

(225mm x 225mm x 3000mm)

ITEM DESCRIPTION QTY UNIT { RATE | N X
BILL NO, 1
STEEL REINFORCED CONCRETE COLUMN
Concrete column reinforced with
4 numbers 12mm diameter mild
steel bars.
A Mass Concrete 0,151} CuM | 650,0 98 4 20
B 12mm diameter mild sieel bars 9.5 Kg 6.5] 61 { 75
C 8mm diameter mild steel bars
stirruos 7.8 Kg 5.6 43 { 68
D PLANKING AND STRUTTING
Wrought formwork to sides
of column 267 sqM] 22,00 59 | 40
To Summary 26% | 03
Add 29% for labour 65 | 76
Grand Total Nze8 § 79




TIEM - DESCRIPTION QY |UNIT [ RATE } % (X
BILL NO, 2 ) |
TIMBER — CONCRETE COMPOSITE __Ti _
& | Mass conczete - - | ouos]cws | eso0| e8] 0o
B | 125mm x 125mm x 300m Mahogany 3.0 | LinJ] 4.9 141 70
c Steel Fabric reinforcement

size 3.0mm both ways and pitch
50mm x 50mm ?/c t.__f”-ﬁf'~,”.f 2.1 8q.M 14.5 301 45

D | DLANKING AND STRUTIING . =

Wrought formwork to sifes of

colum T : 2.7 Sq.M 22.0 591 40
Do Summary ; M2} 55
Add 2006 for labour . - h“' ,f:”_'L SRR 341 5

Grand Total - #2071 06

The grand total for Bill mumber two (Timber-concrete composite column)
was less by One hundred and twenty~one Naira sevenfy-five Kobo (M121,75)
(about 3Ph) than that of Bill number one {Steel reinforced concrete |
column). Therefore, considerable amount of money will be saved if
timber-concrete composite columns are used for the construction of

buildingg. . . .ot - o | o
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

It can be observed that the results from the test
agreed favourably with their corresponding theoretical
values, The use of Euler's formula results to very high
failure loads when the slenderness ratio is low, This is
not surpirising, as a review from literature has indicated
that Buler's formula is generally valid for high slenderness
ratios, Thus the Rankine - Gordon formula was used to
compute the theoretical failure loads since the specimens
slenderness ratios range from 16.0 to 5.3,

In practice, the column sizes for low cost houses
could be taken as 225mm x 225mm and say a height of
3000mm, Using the laws of similitude, for an example,
taking specimen (2), (75mm x 75mm x 1000mm long) the
scaling factor would be 3., Hence, failure load would
be 402KN (i.e 134 x 3) and from experience, the total
load on any such column in this type of houses is
usuzlly less than 400KN, This shows that timber columns
encased with concrete could be used in place of the
conventional steel reinforced concrete colums, Even
if the anticipated lead, in practice, is higher than
J00XN, bigger sizes of timber could be chosen, The
overall cost will still be less than when steel reinforced

concrete columns are used,
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The concrete cover will protect the timber fyrom

fire hazards, thus, eliminating Some of the greategst

Hecommendation
e -'-‘-'—t—-——-.___,__

swelling and shrinkage rhenomenon can cause cracking of
the encasing concrete, therefore, it ig recommended that
steel fabrie reinforcement be placed within the conerete
to check any cracking that B2y arise. From this research,
it could pe noticed that all the Specimens witnout steel
fabrie, regardless of the method of curing cracked before
the test. I

It is alsp recommended that member joinfs should be
properly desismed and in fact, more ressarch should be
carried cut on merher Jeint conneections and splices to
bring out empirical design conceﬁta.

Bond sirensth betwesn concrete and timber may be
improved by making grocves on the timbertg surfaces,
The use of naile put at 450 angles at intarvals on the
timber couli also be adopted, The surfuces of the timher
could generally pe roughened before tha concrete is cast,

More rezearch should be carried out on eccentrically

lcaded encased timper columns (both short apg slender columns),

. h“-—.___a-‘.
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