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THEME 4. SUB-THEME 4.2

Summary

The regigible tensie sienglh of rarmed earth
and ts Inck of strain energy dissipation akong
tensile breaking process might compromize its
applicabon in many stuctural elements. Duf
resesich proposes using teatle grids as a
reinforcement system fo enhance the tensile
properties of rammed earth. An adapted
methodology 10 assess the effect of embedding
fire grids, which is based on standards for fisre

‘connection to the earthen matrix.

Introduction
A fow resenrches aimed 1o incrense the tensie
strength and the dissipated energy after the
rammed earth cracks in tension have been found
These Might be Givided i twe grougs: he

aimed to exiemaly sirengihen eariher
structures and thess aimed 1o pravide a
reindorcing system placed inside the earinen
AN When CASLNG he structure. Bioncet ¢l
[1] worked in both alternatives, Liu e al. [2]
propased an external srengihening system and
Tague ot al (3] have even proposed & numerical
model 1o siate extemaly strengthened asobe
walls

In paralil, wsing high parformance fibre grids
intp & inarganic malrive to sxtomaty

stiengthen structres has been studied

considering different points of view: experimenial

im0 [4,5]). analytical (see [E]) or even with

rumerical simulations (see (78]

Gathering both knowledge rescurces, a
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Figure 1

COMPrAneNse Sxpormontal ca
n analysing the stusctural response of ibre grid
reinforced rammed earih specimens is presented
Different types of fiore grids are considered. The
tests are focused on analysing the fexural
toughneds, so the Japaness Standard JSCE-SF4
[0 i taken info account as a reference as
iausly done in ather experimental studies
(see [10])

Methodology
22 prisens of 350mm x 100w x 100mm — 4
wnreinforced (N) and 18 fiore grd reinforced =
were tested. Figure 1 shaws the size partice
@atibution of the earth components. A moiture
content of 12.6% was set for mixing, The fibre

' were made of glass fibre (G). carban
Fbre (G, steel cords (5), basak fiore (B) or
Polparateni-benzobiscrazale = PEC (P fiores.
Each earth layer was pressed with 10.5kN force
and the samples were tested when reached a
molsturs content elow 2% after 2 wetks.
The test setup can be coserved in Figure 2. 1t isa
e paints Bending et wilh 3 frae span of
300mm between fee rotation rods. The Sexural
toughneas s calculatod foloning the Standard
JSCE-5F4 [9] but modified in arder to consider
e force-defieciion curve Lp o reach 10% of the
maximum applied force in the descending branch
Thus, the thresheld valued in terms of deflection
right vary for each test.

Results

Tatie 1 summarises the obtained results,
Incluging; the cbserved fallure modes, which
might be ciassified in five calegories (see Figure
3): the maximum appiied bending moment. (Mmar)
and the Sewural toughness (TEMa).

The D failure mode —Bexural faiure + detaching
of the overlaying rammed earth, which points out

Figure 2

@ lack of adherence = is the most kuey when the
spacing between Fbres tows ranges from 10mm
to 15am. For larger spacing anly ane of ihe sides
of the specimen detach (C fadure mesie). The
shear faiure mode {E} is masty observed for the
dpecimens reinforced with the stiffest fibres.
All the specimens which assired the sarth-grid
adherence showed greater inad-bearing capacity
than the unreiniorced cnes. The average increase
of the maximum _ bending moment i 94%. I
additon, the cases wih the largest spacing or an
outstanding stfiness have reached ihe greatest
bending moment. Furthemsare, the reinforced
cases show a mare repeatabie response.
Mereaver, al teinforeing systems. contributed 1o
increase the Sexural toughness, 5o the eneigy
required ta open the cracks is greater when the
rasnened earth is intemaly reinforced. The tad of
the load-displacement curve becomes larger, see
Figure 4, In addiion, increasing the spacing
between fibre taws might lead ta increass the
Benural toughness of the sample. Finaly, the
sohutions with greatest stiffress ane assoclated
with the minor fiexural toughness.
Aztorging with the obLained (esults, the spacing
Eebween fibra bows |5 the enzial parameter. Being
mare sutable those sclutions with the greatest
apacing. Thus, he optimum solution (amang the
Hudiad ONES) WoUK De eMDESIING A glass fone
because it increases the mamum bending
moment and the fesural toughness keeping the
scattoring of the respanse under 18%, assuring a
homogenecus and repeatabie behaviour.

Conclusions

The spacing between fibce taws is the most
infusent variable. The connection between the
AANAN MANx 3nd he fenforcemant systom
depends on i, The structural response and the
faikure Frodes are related with the geometry of the

=2

TN riwtml) Monay (Nm)® TENy;sp itk
89

and. It touse
pids with larpe spacing between tows beacuse it
G contribute  incraase the Senural
tausghness af the slemant and the maximum
bending moment fcan bear,

A poor connexlion between the reinforcing grid
and the earthen matrix leads 1o the detachment of
the rammed earth averlaying the grd because 3
weak suface is created

Using high stiffress grids. mght conlribute o it
e bending deformation reaching shear aire
and reducing the flexural toughness.

In the cade of reinforcing with more tRhan one grd,

N2 A 69 317 (78.8) 152 [56.4)
N3 A 465 27
N A 588 215
&1 [ 896 63117
6z € 0.0 9652 65.7(10.5) B840 (10:9)
63 € LR So89
=] (4 734 7178
=] D 476 62
eMbadding two grios A different Septvs is better (=] o ns 1079 28.147.3) 551(755)
than reducing the spacing between fibre fows. s o 181 552
Assuring the connection of the Fbre grid is mare o € 236 512
imgoriant than providing additional depih of the -
reinfortemant respect 1o the neutral aris s € €71 1914
I conchusion, the optmum solution to reinfarce sz E 527 4159 57.9(15.7) 2324 (56.3)
rammad earth elements is a feible fibre grid with s € 479 s
large spacing between fbre tows, 51 E 10 2028
. J— P1 E 516 393
P2 ¢ 495 1015 49.3(5.0 1093 (67.9)
S g 0L 1471
] o 108 2225
82 o 333 1589 296147 1434 (54.2)
[ o 8 628
* According with Figure 3.
* Diseard n the ¥ the
“ oeticient of variation in brackets (%],
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Figure 1, Nomogram of the particle size
ribution

Figure 2. Test setup

Figure 3, Failure modes

Figure 4. Structural response

Table 1, Experimental results
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