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2. Methodology

The methodology of this work is based on the documentary research, of the works of land
and the treatment to the laboratory.

The main object of the documentary research was to make a bibliographic synthesis that
lead us to make an inventory of the previous works achieved, to have their results; that allowed us
to realize the existence of an bibliographic emptiness with regard to the objective of our study
which is the identification of the bond that will give a maximal resistance in the lapping zone.

We went therefore, for the beginning of the study, to the forest gallery of Pahou-Ahozon in
the South of Benin where we carried out the felling, the cross-cut and the setting in boards of a foot
of Borassus Aethiopum male Mart. After these stages, the following one was the drying of the
boards of it to the ATC society of Wood in Allada to a moisture content of 12%. Following it, we
have, in the wood workshop of the Technical Grammar School Coulibaly of Cotonou, carried the
machining of these last in normalized test-tubes. In the same way to the previous activities, some
tests of identification have been achieved on the samples of lagoonsand, of rounded gravel of Mono
and the cement CPJ 35 of SCB Bouclier that will enter in the formulation of the reinforced concrete
of Borassus Aethiopum Mart. The Laboratory of Materials and Structures (LAMS) of High Civil
Engineering School of Véréchaguine A. K. was used as for the realization ofdifferent mechanical
tests on the samples and the test-tubes.

To reach our main purpose, we have firstly listed some possible types of assembly in the
lapping zone. Secondly, we have identified those which are better adapted to our sturdy. On the ba-
sis of the identified types of assembly, some beams have been prepared. And to finish, the type of
assembly that offers the maximum of resistance in bending four (04) points has been identified.

Below, we have the different reinforcementscoming in the confection of the beams and the
assembling achieved at the LAMS laboratory (fig. 1, 2, 3, 4, 5, 6).

Figure 1 — Beam reinforced of continuous palm

Figure 2 — Beam reinforced of interrupted palm
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Figure 3 — Beam reinforced with palm assembled by nails

Figure 4 — Beam reinforced with palm assembled by wire

Figure 5 — Beam reinforced with palm assembled by sticking with iron galvanized tubes in U shape
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Figure 6 — Beam reinforced with palm assembled by sticking with fiiron galvanized tubes in laminations shape

The results of the tests achieved in the reach our goals were the subject of analysis and dis-
cussions.

3. Results and discussions

Physical characteristics of materials. The tests of physical characterization have been
achieved on the lagoon sand, rounded gravel of Mono and the cement CPJ coming in the confection
of the concrete. About the number of these tests, we have the particle analysis by sifting, the specif-
ic density, the bulkspecific gravity and the sand equivalent.

The table 1 below presents the results of all the physical characterization tests of materials
used.

Table 1 — Summary of the characteristics of materials

Characteristics Lagoon sand Rounded gravel of Mono Cement

Granular class 0,08/5 5/15 -
Coefficient of finenessCF 2,55 - -
Uniformitycoefficient U 2,81 2,06 -
Curvature coefficient Cc 1,003 1,01 -
Specific density(g/cm?®) 1,50 2,05 -

Bulk specific gravity(g/cm®) 1,42 1.91 3,10

Densité « SSS » 2 - 1,00
Absorption percentage 2,05 1,60 -
E.S 79 - -
ES.V 91,5 - -

From the different results obtained, we formulated the concrete having to serve to the cast-
ing of the beams.

Physical characteristics of the fresh concrete. The formulation of the concrete has been made
according to Dreux-Gorisse method [10] where we want to make a plast concrete for the achievement of
the beams with a maximal dimension Dmax=31,50 mm for the granulates. The wished resistance is
0’n=300 bars. The granulatesare of common quality, rounded with a normal vibration.

@ Data of basis

- Maximal dimension of the granulates D = 31,5 mm
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- Nominal resistances’n = 300 bars

- Settlement to the cone: A=5cm

- Means of compaction: common or normal vibration

- The granulatesthat we have at our disposal are:

- Clean lagoon sand:

Mf = 2,35

Specific mass: 1,5 g/cm3

Bulkspecific gravity: 1,42 g/cm3

Sand Equivalent: Clean sand

Rounded clean gravel

Specific mass: 2,05 g/cm?®

Obvious density: 1,91 g/cm?®

- The used cement is the CPJ 35 of SCB BOUCLIER with. ¢’c = 480 barsand of specific
weight equal to 3,1 g/cm?.

According to the physical characteristics of our materials and the data of basis, the table 2
below presents the summary of the materials dosage.

Table 2 — Summary of the materials dosage

Materials 'Eﬂlfg)s Specific Weights (g/cm?®) AbsoluteVolumes (Litre)
Sand 323 1,5 215

Gravel 1029 2,05 502

Cement 350 31 113

Water 172 1 172
Density(Kg/m?3) - 1874 -

Mechanical characteristics of the formulated concrete. The different tests have been
achieved in the Laboratory of the Materials and Structures (LAMS) of High Civil Engineering
School of Véréchaguine A. K. (HCES-VAK). To the number of these tests, we have:

— Test of settling to the cone of Abrams achieved on the cool concrete (Norm NF EN 12350-2)
This test has been done all the times that we sank the concrete for the confection of beams. To every
casting we made four (4) test-tubes. The results are consigned in the following picture:

Table 3 — Test of settling to the cone of Abrams

Confection des poutres Settlement to the cone of Abrams obtained (cm)
1st confection 5,30
2nd confection 4,70
3rd confection 4,85
4th confection 5,15
Average 5,00

From the analysis of these results, we note that the settlement to the cone of Abrams ob-
tained is included between 4,70 and 5,30; we conclude therefore that the concrete is tough and of
good vibration.

- Test of compression on the hardened concrete (NF P 18. 406)

In order to appreciate better the concrete that we used the point of view resistance to the
compression for the confection of our beams, we also achieved some tests of compression accord-
ing to the norm NF P 18 - 406 on cylindrical test-tubes of diameter 16cm and 32cmhigh by means
of a hydraulic press as shows the figure 7.

The tests have been achieved after 7, 14, 21 and 28 days on three (3) different samples. The
results of this test are consigned here in the tables 4 - 9 below:
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Table 4 — Test of compression on the cylindrical test-tubes of 7 days

Ne of test-tubes

Breaking load (KN)

Breaking strain (MPa)

N° 1
Ne 2

Average

90
92

18,10
18,50

18,30

Table 5 — Test of compression on the cylindrical test-tubes of 14 days

Ne of test-tubes

Breaking load(KN)

Breaking strain(MPa)

Ne 1
Ne 2

Average

94,5
96

19,00
19,30

19,15

Table 6 — Test of compression on the cylindrical test-tubes of 21 days

Ne of test-tubes

Breaking load(KN)

Breaking strain(MPa)

Ne 1
Ne 2

Average

99,99
100,5

20,10
20,21

20,16

Table 7 — Test of compression on the cylindrical test-tubes of 28 days

Ne of test-tubes

Breaking load(KN)

Breaking strain(MPa)

N° 1
Ne 2

Average

109
115

21,92
23,12

22,52

Table 8 — Summary of the averages of the Breaking strain of the compression test

on the cylindrical test-tubes of different dates

Averages Breaking strain (MPa)
7 Jours 18,30

14 Jours 19,15

21 Jours 20,16

28 Jours 22,52

The breaking strain of the concrete used for the confection of the beams is f., . = 22,52Mpa.

Table 9 — Summary of the test of compression on the cylindrical test-tubes

N° test-tubes

Breaking pressure (bar)

Area ofstraight section of the test-tube Breaking force (daN)

(cm?)
N° 1 151,16 201,06 30392,07
N°2 156,50 201,06 31466,05
N°3 162,91 201,06 32754,81
Average 156,86 201,06 31537,65
Standard deviation 4,036 0 811,45
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Mechanical characteristics of the lapping zone of different types of assembly. In order
to be able to make the choice of the best lapping, we had to prepare several samples of beams on
which we achieved the test of bending 4 points according to the norm NF P 98 - 302. These differ-
ent samples have been previously described in the methodology. All the beams are reinforced with
construction trusses at the superior part.

So therefore we have:

Beams 1: Witness beams: these are beams reinforcedat the bottom part of two continuous
Borassus trusses of square section of 20x20 cm? (2B020).

Beam 2: These beams are reinforcedat the inferior part of 2Bo20 discontinuous or interrupt-
ed to mid bay.

Beam 3: These beams are reinforced to the inferior part of 2Bo20 assembled by nails.

Beam 4: These beams are reinforced to the inferiorpart of 2B0o20 with a classic lapping
(trussesassembled by wire).

Beam 5: These beams are reinforced to the inferior part of 2Bo20 with a lapping by sticking
(iron galvanized tube in U shape).

Beam 6: These beams are reinforced to theinferiorpart of 2Bo20 with a lapping by sticking
(iron galvanized tube of two blades).

The prepared beams have a dimension of (15 x 15 x 91) cm®. The Borassus used atmoisture
content equal to 12% and has for section (2 x 2) cm?2. For the confectionof the beams, the adopted
coating is 3 cm. The tests on the beams have been done of 28 days. For every type of we achieved
three (03) test-tubes.

The figure 8 shows the device of the bending 4 points test on the hydraulic press. The results
of the bending tests 4 points have been summarized in the tables 10 - 16 below.

Figure 7 — Hydraulic press for the compression

Table 10 — Test of bending 4 points on the beams reinforced with trusses of 2Bo20 continuous

° 2. TEST .
. 1. TEST TUBEN°1 TUBEN®2 3. TEST TUBEN°®3
ngmsl. AppliedPres | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPressur | Deflec- | Breaki
rein- sure (bar) | tion of ng n tion of ng e(bar) tion of ng
forced the force appliq the force the force
with beam (daN) uée beam (daN) beam (daN)
construc- (mm) (bar) | (mm) (mm)
tion 1,60 0,22 62,34 1,60 0,20 62,34 1,60 0,18 62,34
trusses at 6,94 0,50 270,99 6,94 0,35 270,99 6,94 0,56 270,99
superior 12,28 0,72 479,64 | 12,28 0,73 479,64 12,28 0,78 479,64
art and 17,62
P g0 | Cracking 1,08 | 68829 | 17,62 | 1,00 | 688,29 17,62 089 | 688,29
continu- 22,9(?‘ .
ous at in- 22,96 1,15 896,95 | Crackin 1,05 896,95 | 22,96 Cracking 1,20 896,95
ferior 5830 28930
art ) , .
P Breaking 1,22 11%5’6 Breakin | 1,07 11%5’6 28,30IE;gak|ng 1,65 11%5’6
load g load
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Table 11 — Test of bending 4 points on the beams reinforced with 2B020 interrupted

5.

TEST

4, TEST TUBEN°1 TUBEN®2 6. TEST TUBEN°3

Beam 2: AppliedPress | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPress | Deflec- | Breaki
Beams | ure (bar) | tionof ng n tion of ng ure (bar) | tionof ng
rein- the force | appliqu the force the force
forced beam (daN) ée beam (daN) beam (daN)
with (mm) (bar) | (mm) (mm)
2B020 1,60 0,00 62,34 1,60 0,00 62,34 1,60 0,00 62,34
inter- 6,94 0,06 270,99 6,94 0,30 270,99 6,94 0,45 270,99
rupted at 12,28
thé’ infe- Crlazcylfisng 0,35 479,65 | Crackin 0,60 479,64 Csazélfi?ng 0,60 479,64
rior part 17962

Bresing load | 080 | 68829 | Breakin | 080 | 68829 | p 1005 | 085 | 68829

g load

Table 12 — Test of bending 4 poin

ts on the beams reinforced w

ith2B020 assemblies by nails

o 8. TEST o
7. TEST TUBEN°1 TUBEN®2 9. TEST TUBEN°3
AppliedPress | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPress | Deflec- | Breaki
ure (bar) tion of ng n tion of ng ure (bar) tion of ng
Beam 3: the force | appliqu the force the force
Beams beam (daN) ée beam (daN) beam (daN)
rein- (mm) (bar) (mm) (mm)
forced 1,60 0,08 62,34 1,60 0,02 62,34 1,60 0,03 62,34
with2Bo 6,94 0,20 270,99 6,94 0,08 270,99 6,94 0,05 270,99
20 as- 12,28
sembled | 1228 028 | 47964 | Crackin | 015 | 479,64 | 1228 009 | 479,64
by nails racking 9 Cracking
at the in- 17,62 0,3 688,29 | 17,62 0,10 688,29 17,62 0,15 688,29
ferltor 22,96 0,4 896,95 | 22,96 0,50 896,95 22,96 0,30 896,95
par 28,30
Breaking load 0,55 1105,6 | 28,30 0,55 1105,6 28,30 0,70 1105,6
33,65
J 13142 33,65 1314,2
- - - Breakin 0,60 ' . 0,70 '
g load 5 Breaking load 5

Table 13 — Test of bending 4 points on the beams reinforced with2Bo20 assembled by the wire

o 11. TEST o
10. TEST TUBEN"1 TUBEN®2 12. TEST TUBEN®°3
AppliedPress | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPress | Deflec- | Breaki
ure (bar) tion of ng n tion of ng ure (bar) tion of ng
Beam 4: the force | appliqu the force the force
Beams beam (daN) ée beam (daN) beam (daN)
rein- (mm) (bar) (mm) (mm)
forced 1,60 0,00 62,34 1,60 0,00 62,34 1,60 0,00 62,34
with2Bo 6,94 0,10 270,99 6,94 0,06 270,99 6,94 0,06 270,99
20 as- 12,28 0,50 479,64 | 12,28 0,47 479,64 12,28 0,47 479,64
sembled 17,62 17,62 17,62
by the ' i '
w);re o Cracking 0,85 688,29 | Crackin 0,74 688,29 Cracking 0,74 688,29
; g
the mfe{ 22,96 1,00 896,95 | 22,96 0,97 896,95 22,96 0,97 896,95
rior par
P 28,30 120 | M| 2830 | 102 | HMOOP 28,30 102 | MO0
33,65 13009 | 3360 1300,9 33,65 1300,9
Breaking load 1,95 1 Breakin 1,35 1 Breaking load 1,35 1
g load
10 Ne5 (67) 2016 (cenmaopob-oxmaops)
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Table 14 — Test of bending 4 points on the beams reinforced with2Bo20 by sticking
with a lapping of iron galvanized in U shape

Beam 5:
Beams
rein-
forced
with
2B020
lappedo
f iron
galva-
nized
tube in
U shape
by stick-
ing in
the lap-
ping
Zone at
the infe-
rior part

o 14. TEST o
13. TEST TUBEN"1 TUBEN®2 15. TEST TUBEN°3
AppliedPress | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPress | Deflec- | Breaki
ure (bar) tion of ng n tion of ng ure (bar) tion of ng
the force | appliqu the force the force
beam (daN) ée beam (daN) beam (daN)
(mm) (bar) (mm) (mm)
1,60 0,00 62,34 1,60 0,00 62,34 1,60 0,00 62,34
6,94 0,16 270,99 6,94 0,18 270,99 6,94 0,15 270,99
12,28 0,36 479,64 12,28 0,30 479,64 12,28 0,20 479,64
17,62
17,62 e 17,62
Fissuration 0,42 688,29 FIS(S)LrJ]I’atI 0,40 688,29 Fissuration 0,50 688,29
22,96 0,50 896,95 22,96 0,45 896,95 22,96 0,65 896,95
28,30 055 | 11056 | 2980 | 11056 28,30 070 | 11056
Breaking load ' 0 g load ' 0 Breaking load ' 0

Table 15 — Test of bending 4 points on the beams reinforced with2Bo20 by sticking
iron galvanized tube of two blades

Beam 6: o 17. TEST °
Beamms 16. TEST TUBEN°1 TUBEN®2 18. TEST TUBEN°®3
rein- AppliedPress | Deflec- | Breaki | Pressio | Deflec- | Breaki | AppliedPress | Deflec- | Breaki
forced ure (bar) tion of ng n tion of ng ure (bar) tion of ng
with2Bo the force | appliqu the force the force
20 beam (daN) ée beam (daN) beam (daN)
lapped (mm) (bar) (mm) (mm)

of iron 1,60 0,00 62,34 1,60 0,00 62,34 1,60 0,00 62,34
galva- 6,94 0,16 270,99 6,94 0,18 270,99 6,94 0,15 270,99
nized 12,28 0,36 479,64 | 12,28 0,30 479,64 12,28 0,20 479,64
tube 17,62 17,62 17,62

of2blade ' i ,

Sby Cracking 0,42 688,29 Craé:km 0,40 688,29 Cracking 0,50 688,29
stick- 22,96 0,50 896,95 | 22,96 0,45 896,95 22,96 0,65 896,95
e e T 2830 11056 | 2830 11056 | 2830 11056
inferior , , ki , , :
part Breaking load 0.55 0 %r?glgén 0,55 0 Breaking load 0.70 0

The table 16 summarizes the values of the strengths of ruptures, the arrows and of the modu-
lus of YOUNG for every type of assembly.

Table 16 —Summary of determination of the modulus of Young

Average
— . Average of Break- ; Modulus of
Descriptions Breaking Force (daN) ing Force (daN) de{:ﬁ(r:r?)on Young (MPa)

Type 1 1335 1310 1315 1315,00+10 1,38 1651
Type 2 710 690 670 690,00+13,33 0,85 1407
Type 3 1110 1105 1095 1103,00+5,55 0,70 2732
Type 4 1320 1290 1310 1307,00+£11,11 1,55 1461
Type 5 1523 1530 1537 1530,00+4,67 0,70 3788
Type 6 1100 1115 1105 1106,67+5,56 0,60 3197

Ne5 (67) 2016 (cenmatpb-oxmaopn) 11
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On the basis of the results of the modulus of Young, a histogram has been constructed, to the
figure 9, in order to conduct the analyses on the type of assembly of beams that would give a maxi-
mal rigidity in the lapping zone.

Figure 8 — Device of bending 4 points on the hydraulic press

Histogram of comparison of modulus of

= YOUNG
o
< 4000 4 3788
L
% 3500 3197
S 3000 A 2732
O
> 2500 -
©

2000 A 1651
5 1407 1461
> 1500 A
°
o
= 1000 A

500 -

0 T T T T T
Type 1l Type 2 Type 4 Type 3 Type 6 Type 5

Type of assembly of beams

Figure 9 — Histogram of comparison of the modulus of YOUNG

The Table 16 above gives the values of the average breaking force of beams, of the average
deflection and the modulus of YOUNG of beams made of reinforced concrete of 2BO20 gaugedat
350 Kg/m® and 28 days old where are experimented the factors influencing the rigidity in the lap-
ping zone. From this table, we note that the modulus of YOUNG of the beams reinforced with type
5 (3788 MPa) is superior to the modulus of all other types of beams reinforced with palm (Boras-
sus). It proves that the increase of their rigidity depends on the system assembly of woodtrusses.

The observation made about the histogram of comparison of the modulus of Young (Figure
3.3), showsthat the Type 1 (witness beam of 2B020 continuous) is compared to the other types of
assembly. It shows that after the type 1 the histogram evolves in an increasing way until the type 5
that respects the aimed objective.

The comparison between the modulus of Young ofcontinuous trusses (1651 MPa), of inter-
rupted trusses(1407 MPa), of trusses assembled by wire (1461 MPa), of trussesassembled by nails

12 Ne5 (67) 2016 (cenmaopob-oxmaops)
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(2732 MPa), of trussesassembled by sticking with the iron galvanized tube in the blades shape
(3197 MPa) and those assembled by sticking with the iron galvanized tube in the U shape (3788
MPa), shows that the presence of the iron galvanized tube by sticking on the area of contact of the
palm in the lapping zone increases the modulus of Young. This increasing of modulus of the beam
shows that the iron galvanized tube plays an important role in this lapping zone. We can deduct
therefore that the rigidity improved and this because of the presence of iron galvanized tube.

The modulus of Young of the beams reinforced with palm trusses assembled by sticking
with the iron galvanized tube in U shape or blades is superior to the one of the other beams rein-
forced with palm truss (by nails, continuous, by wire, and interrupted). It allows us to say that the
beams reinforced withpalm trusses assembled by the iron galvanized tube offer the best rigidity in
lapping zone.

4. Conclusion

This work was about the mechanical characterization of the lapping zone of the palm trusses

in the concrete and integrated in a general problematic of valorization and development of local ma-
terials. It had therefore for purpose to identify a type of bond of palm trusses having a better rigidity
in thelapping zone.
At the end of a brief bibliographic synthesis pointing the possibility to use the palm as trusses in the
construction up, we achieved six (06) different types of beams of dimension (15x15x91) cm®made
of reinforced concrete with palm especially as the aimed goal is to identify the type of bond that
will give a maximal rigidity in the lapping zone. The technique adopted to manufacture the beams
sums up in two essential points:

- To achieve the reinforcement of the aforesaid beams with six (06) different assemblies of
palm trusses in the lapping zone (witness truss, interrupted truss, truss reinforced by nail, classic as-
sembly by wire and two (02) assemblies by sticking with of iron galvanized tube in U shape and
blades);

- To prepare three beams by type of assembly with a concrete formulated by the Dreux-
Gorisse method.

In order to determine the mechanical properties of the beams obtained we have submitted
these last tests of bending 4 points.

The mechanical characteristics (breaking forces and modulus of Young) recorded for the
beams allow to deduct the beam of type 5 as being the most rigid. Thus, it follows that it is the lap-
ping ofpalmtrusses by sticking with the iron galvanized tube in U shape (Type 5) that offers the best
rigidity in the lapping zone.

Although the studied aspects are numerous and various, this study is only anexploratory-
phase in the characterization and the complete mastery of lapping of palm trusses.
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MEXAHUYECKHUE XAPAKTEPUCTHUKU 30HbI CTBIKA
APMATYPHBIX KAPKACOB U3 IPEBECHUHBI ITAJIbMbI B BETOHE

Hannas cmamva omxpvieaem Ho80e HANPAGNEHUE 8 UCCIeO08AHUU NPUMEHEHUs OpeseCuHbl
nanpMvl 8 Kauecmee apmamypvl 6 GeMmOHHbIX KOHCMPYKYUAX U OCHOBAHA HA U3YHYEHUU MEXAHUYECKUX
Xapakmepucmux 30Hbl CIMbIKA APpMAmMypHuIX KapKacog u3 opegecunvt 6 bemone. Llenvio ucciedosanus
ObLIO YCMAHO8UMb KOHCMPYKMUGHbLE DEULeHUs 8 30He CIMbIKA, 00ecneyusaioweli HauboIbuyro sHcecms-
Kocmb cmuika. Bviiu usyuenst umerowuecs pabomel o meme KOHMAKMHOZ0 83AUMOOEUCMEUs Mame-
puanos, cpedu KOmopuvix 0vliu evl0eNeHbl Hauboiee a0anmupo8aHuble K meme HAuleeo Ucciedo8anus,
HA OCHOBAHUU Ye20 NPeOIONCEeHO NAMb 6apUAHMO8 KOHCMPYKMUBHLIX pewieHuil Ol Nnociedyioue2o
IKCNEPUMEHMATILHO2O UCCIeO08AHUA KOHMAKMHOU JcecmKocmu npu yucmom uzeube. Ha ocnosanuu
NONYYEHHBIX 8 X00€ UCCIeO08AHUS Pe3YIbMamo8 YCMAHOBIeHO, Yo HAUOOIbWAS KOHMAKMHASA HCeCH-
KOCMb 00Cmueaemcst npu 6bINOIHEHUU CMbIKOG ¢ ucnoav3osanuem U-obpasnvix npoghuneil uz oyurko-
6aHHOU CMAU.

Knouesoie chosa. dpeeecuﬁa naiteMbl, 30HA CMbIKA, MAKCUMQITbHAS HCECNTKOCNTb, yuCmbiil us2uo.
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