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Abstract. An innovative lightweight concrete interlocking block panel was developed to
improve the lateral resistance of the infilled fraithegreen construction materidlhe

water treatmergludge obtained froBang Khen water treatment plants was employed to
replace theine aggregate The lightweight concrete interlocking block panel was
strengthened witferrocement technique aerdpandednetal sheet Three sets othe
strengthenedlock panelswith various sizes ofxpanded mentakere investigated:
concrete block panel, interlocking block panelthiithbedadhesivenortar, interlocking

block panel witithick bedcementmortar  The concretewith mixed proportion of
cement, sandyater foanming agentand sludgeof 1:0.70:0.60:0.0080by weight was
suitable for producing tHaghtweightconcrete bloclaccording to th& hai Industrial
Sandard. The compressive strength te$tmasonryprisns andthe diagonal tension
(sheay test were conducted fire three sets dfe strengthened block panelde test
results reveal th#te interlocking block was supetmthe conventionatoncrete block

in terms of strength and ductility capaditg to the effect of interlocking between the
block The shear key with thick bed cement mortar is more effective than the thin bed
adhesive mortar typically used in the construction of lighteeigrete.

Keywords Lightweight concretenterlocking block, water treatment sludgg@anded
metal
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1. Introduction an application of waste marble powder lighaweight
aggregate was incorporated into the int@nigdlock by

The great earthquake event which occurred Qn Afzal et al. [9 The compressive strength was
Chiang Rai, the Northern part of Thailand on May Stisfied with the code requirement for 10% addition of
2014 with 6.3 Richteraused an importanffect on Wwaste. Therefore, & an alternativehe reuse of the
many existing buildingsParticularly, the brick infilledwaste material for proding the lightweight concrete
panet were damaged due to the lateral force of the infiiterlockingblock with green construction materiahis
frame interaction effectTypically, the brick infill panelspromising approach
are not considered to resist the lateral force in the designThe water treatment sludge is the whsta the
of buildings The compressive strength and the diagowater treatment process. The Bang Khen water
tension strengtiof the conventional brick panel ardreatmentplanthas encountered with large quantity of
relatively lowtherefore, causing damage to the infill&idgeof 75105 tongperday leftover for disposalhe
frame. One of the commonly used techngokseismic disposalexpense of the sludgeasover 350,00USD
strengthening of brick panel is ferrocement with weld®t year. Therefore, theutilization of sludgeot only
wire mesh.S. B. Kadanet al. [Ljnvestigated thehear increasethe waste value but also reduce the disposal
and ductilitycapacity ofl2 sets obrick masonrypanel cost. It was reported thaté sludge from Bang Khen
strengthened  with  ferrocemenunder diagonal water treatment planwas composed ofSiQ;, Al:Os,
compessioriest Various types of wire mesh wrappingeOs, in a proportion 0676, 2%, 6%, respectivelfl0,
and anchorages were employed to investigate the Bdhd The content of organic matter wasatively low
strength of weld wire rele and masonry Significant The physical properties of sludmn be classified as
enhancement was observed for the shear strength ciey sandith aspecific gravity of 2.6768which can
ductility capacity due to the effect of reinforcement rdtie used as fine aggregate for the replacement of sand.
of ferrocement The effects of strengthening brick infilThe effect of sand replacement by the water treatment
panel on the lateral resistance of infilled franger sludge on theompressive strength of concrete has been
cyclic loading wemnducted byA. Leeanansaksiri et alstudiedby R.K. Gomes et a[12. The wet sludge was
[2]. The brick panelas strengthenedith ferrocement employed as a partial replacement of sand rangin@, from
and expaned metal. The retrofit frame not only 5, 7, 10percentage by weight of fine aggregdiee
enhanced the strength but also the stiffness and abepressive strength decreased fantreasef sludge
energy dissipation capacityHowever, the corner content Neverthelesst was reported by. Liu et al[13
compression failure of the wall occurred due to hidjiat the compressive strength could be increased at the
concentration of the applied lateral loadt was low sludge content of 5% replacement of sand.
recommended to protect against corner crushing of tievever,these researches are based on theramet
brick panel. Further research was also conducted tjudge. The dryaluminiumbased sludgeas been used
remedy this problem b§. Longthong et al. [3].The as a partial replacement of cememntent for the
corner crushing wasuccessfullyprotected by the pozzolanic additiofl4]. The drybased sludge content
technique of steel plate attaching at the wall corner. was varied between 10% anéb3f cement by weight.

To improve the strength of infdane| interlocking The compressive strength was decreased by 30% and
concrete blockvith shear key at the interface of ead®%, respectivelySimilar results were also investigated
block is an alternative construction matenaprotect [15-18. The application of water treatment sludge as the
against slidinghear failureM. Ali et al. [#investigated lightweight aggregate was employed by sintering process
the shearstrength of the interlockinanelmixedwith to obtain the particle density ranging from -2.65
coconut fiber under iplane and out-of-plane g/cm?3 [19. Both strength and density decreasih
monotonic loadingThe outof-plane shear strength waghe increase of w/c ratioThe alumbasedsludge and
25% higher than the-plane shear. Z. Tang et al. [5] sawdust were also used as lightweight aggfegate
also investigated the shear strength of rdoetar concrete composifQ 21). The densitpf the product
interlocking panel with coconut fiber. Thelane shear increased with the thermal conductivifyhe concrete
strength was slitii increased under dynamic loadfg. composite can be applied for nonstructural lightweight
Joyklad et al. [6] studied the mechanical propertiesasicrete.
cement clay interlocking brigkith various types of  In this study,the water treatment sludge was
mixed proportion. The cement content was moremployed as a partial replacement of fine aggrébate.
effective than sand and fly ash content¥he axial mix proportion of concrete was investigated to
compession andliagonal compression wef cement determine the suitable mixed design for producing the
day interlocking brick walls werlgo investigated by P lightweight concrete interlocking blockhe laboratory
Joyklad and Q. Hussain ff. The effects of grouting tests were conducted to study the compressive strength
and steel reinforcemergnhanced thecompressive and the diagonal tension (shear)ngtre of the block
strengthshear strength amtilictility capacity of the wall.panel. The interlocking block was designed with a
However, the selfieight of concrete blodccasionally special shear key to enhance the shear strength of the
cause difficultin the constructiohence thdightweight block panel.In addition, the concrete block panels were
concrete block becosmore competitiveFor example, strengthened with ferrocement technajue expanded
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metal. The effectsf omesh reinforcement on the2.3. Expanded Metal

compressive strength and the diagonal tension strength

were investigated for various sizes of expanded metal. The expanded metal was the standard type
overlapped diamond shape mesh pattern as shown in Fig.

2. Materials and Method 3. Four types of expanded metal mesh were selected:
No0,22(N0.23, X&31, XS32 conforming toJIS G3351
2.1. Water Treatment Sludge [23 which have the yield strength and the ultimate

strength 0f337 MPaand200 MPa repectively. The

The sludge was collected from Bang Khen wagiysical properties of the selected expanded metal are
treatment planand t wasnaturallysundried for two shown in Table 1The specifisurface of reinforcement
dayswith the residual water content of.7%he dried (S) was defined as thetal bonded area ofexpanded
sludge was crushed and ground under the Los Amgétal mesh divided by the volume of ferrocement.
machine to reach the fine aggregate size acctwding
ASTM @3/C33M18[22. The appearance tife sun
driedmaterial and the ground sludge are shown ihaig. >
and Figlb, respectivelyThe grain size distribution was Thickness __~
determined by using sieve analgsisshown in Fig. 2. S

Both of sludge and sand are consistent with keoynd _ (] ™
region The fineness modulus and the specific granéty Yidth 2 !
5.39and2.68for thewater treatmergludgerespectively L -

Lw =

Fig. 3 Detail of expanded metal

Table€d.GPévperties of expanded m@i$ G3351987.0 O
Type O GO @WMO MWB@O GO TIWBIGhO OG
0O O O G300 & 0 0 ROOE@ENEDOO KYy/© CIRNST
No.22 86 20.0 06 0.6 0.69 0.0486
No.23 127 254 ©.6 060 0.5 0.0338
XS31 150 (2.0 1.2 Q20000810 O 0.0565
XS32 150 (320 1.5 QUBHO 2.3%DO0.0707

a)Sundriedsludge b) Ground sludge

Fig. 1 Water treatment sludge
ASTM sieve number

200 100 50 30 16 8 4 3/8

. 100 T——7— L//_fce//, — 2.4. Mix ed Design of Concrete
2 80 4 S
= === /y The concrete composite was composed of portland
-’E . 77 ‘\@"& v cement type 1, sand, water treatment sludge, water, and
g - L4 i / foaming agent. The mixed proportion of these materials
< f’///7 was determinetbr the appropriatadmixtureto meet
g 2 _//i = the requirements of lightweight conclétek according
B — F__1~ to TIS2601[24. The arrangement of laboratory test is
© T AT NN RREL presented in Table 2. The cement content was specified

010 T - 1% as a fixed value. The sand content was partially replaced

by the sludge with th@oportionof 08 60% of the fine
aggregate by weightThe watercontentandthe foam
content were varied between@.Z5 and 0.00%.00%y
weight of cementrespectively. The compressive
. strength the densityand the absorptioof the 5x5x5

: The _foammg agemas eF“P'OV_Ed to produce cellul m mortarspecimes were tested according ASTM
lightweight concrete by injectirgy surfactant or a 10902 [25 and ASTM C64297 [26], respectivelgin
foaming agent into the cement paste. The microscqﬁéc first trial mix, it was to dete’rmirimetoptimum

air voids (%rﬁatedl N th? COF‘Cfftﬁ refsultmg—'m&mmedd sludge and sand conteifihe obtainedresultfrom the
concrete.The volume fractionfdhe foaming agent and .,y “'n5 1 was employed in tHetermination of water

the watewas 1.:3®VhiCh was approp_riate for the foanEzontent(mix no.2. In the second trial mix, it was to

generatocapacity of 25 litetsed in this study determine he optimum water contentThe resultwas
appliedn thedetermination of foam contemnik no. 3
leadingo thefinal mix proportion.

Fig. 2 Grain size distribution of sand and sludge

2.2. Foaming Agent
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2.5. Concrete BlockPrisms Test Hole 40x90mm
. > ,_9Omu1/;90m111_90mn_1: - 30mm
Three sets afoncreteblock prisis were prepareas mm— ;
omm

follows a) concrete bloghrisis (CB-P) which are the
standard concrete block typically used in the construction

190mm -4

industry(Fig. 4a) This concrete block htéee dimension L | 70min
and densitywhich is similato the interlocking block, < 390mm
therefore it was chosen for comjson, b) the a) Concrete block

interlockingconcreteblock prisns prepared withthin
bed adhesivemortar (IB1-P) commonlyused in the
construction oflightweight concrete blocknd c)the
interlockingconcreteblock prisnms withthick bedcement
mortar (IB2-P). The interlocking block was designed
with 20 mmcorrugateghear keys at thpper and the
lower surfaces (Fig. 4b). Temm diametdroleat the
center of blocks provided forinterlocking by cement
grouting.

Details of the controbpecimens of the concrete b) Interlocking Concrete Block
block prisms@B-P-CT), the interlocking block with thin
bed adhesive mortar (HPICT), and interlocking block Fig. 4 Details ofconcrete blocks
with thick bed cement mortar (HB2CT) are presented
in Fig. 5a, 5b, 5c¢, respectively. The bed mor@B-&f Do ltwm
CT andIB2-P-CT was 25 mm thick cement mortar witl
cement and sand ratio of 1:2 by weight. IEBiP-CT,
the adhesive mortar with 3 mm thick was applied
bond each concrete block. The adhesive mortar wi
dry bedding process which possessed high w ‘\Q@"}- 1 s>
reteion without sprinkle water on the block. A < sy, _ -~ 7 =00 my

specimens were plastered with rim thick cement a) CBP-CT  b) IBI-P-CT (thin bed adhesive mortar)
mortar for surface finishing.

-—

1 Mortar

i 1Adhesive Mortar
25 mm

13 mm

400 mm

=400 mm-———

Dia.25 mm
/ ‘Grout Mortar 1:2

Table 2Mix proportions of lightweigbhbmposites

Mix na Mixed Proportiorby weight)
Cement Sand Water Fo&ludge

Y Mortar
125 mm

400 mm — -

1. Determination of 1.0 1.0 0.4 0.005 0

sludyecontent 82 (())% i o ’
0.7 0.3 <
0.6 0.4 c) IB2P-CT (thick bed cement mortar)
0.5 0.5
. . 0.4 0.6 Fig. 5 Details of concrete block prisms
20eterminatio of 1.0 0.7 020 0.005 0.3
watercontent 0.25 For the strengthened specimehs, three sets of
8'2(5) concrete blocks were strengthened by using the
0:40 expanded metateshNo,22Dl0.23, X231, XS32 The
0.45 chicken wire meshes: the 0.71 mm diarsgtere mesh
0.50 (SM) and th®.50 mm diametdrexagonal mesh (HM)
0.60 were also applied for comparisthe chicken meshes
0.6 are made of galvanized iron veitensile strength of 260
8-;2 Mpa. These were attached at both sides of the

specimens connected with 6 mm diamstezw All

3Oeterminatioof 1.0 0.7 060 0.005 0.3 specimens were finished by plastering Ritmrh thick

foam content 6000(567 cement mortarThe strengthened prisrosthe concrete
0.008 block CB-P-S), the interlocking block with thin bed
0.009 adhesive mortar (IBR-S), and interlocking block with

4®inal mix design 1.0 0.7 0.60 0.006 0.3 thick bed cement mortar (IB2S)are presented in Fig.
6a, 6b, 6¢, respectivelyl he degjnated symbol S stands
for the strengthened specimen, and itlatasreplaced
by 22, 23, 31, 32, 33, SM, Hidrrespondingo the
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expanded metal atilewire mesh typed-or each set of o At
concrete blockshé total 21 specimens were prepar - g o it Washer
H . H ortar Mort
for the 7 prism types with 3 specimens fachetype. . || Morta ; Bmm
The concrete prisms were tested 28 days strength s i 2 ot
. . . =3 Mortar
according to ASTM C13D¥ [27 (Fig. 6d) In this — Atum 8 75 mm
study, the correction factor of 1.15 was considered L
the correspondingheight and thickness ratias 0y S 600
recommended by the ASTM C131427]. »
y 1 a) CBDT-CT b) GBT-S
Dia.25 mm Dia.2s mm o g’:‘oi:;;:‘nar 1:2
Grout Mortar 1:2 Grout Mortar 1:2 i
,ﬁﬂ\‘“ - 4 1 7 Sqrew 6 mm
Screw 6 mm t Screw 6 mm T “ -\g;(e‘s‘i:};\ei;nar
+And flat Washer And flat washer L\d]mive Mortar (e
I_ ;;D:::lr E ?d]msi\'e Mortar g 13 mm é
§ mm % [ Adhesive Mortar § Adhesive Mortar
o . 12 mm 13 mm
& 1 &
J.\I - 4mn|m - 3 L L
600 my "y 600 mm
| <
b) S ¢) IBLDT-CT d) IBDT-S
Dia.25 mm S
Grout Mortar 1:2 ] . Dia.25 mm
- y = Dia.25 mm o Grout Mortar 1:2
— 1“““\‘. . /Grout Mortar 1:2 13;“ ‘ .
v - = ew 0 mm
‘ [ 7&71;“;1611111[1 e -1 = E d flat washer
g li’[ol'laal'wa! o J}Iumr Mortar
g ZSmm {25 mm 5 125 mm
s ( g f L
%’ J Mortar § & 1 Mortar
{ ,,@0 . 125mm 5 125mm
/;/77 7:\‘:7 7 | £ |
1% : K

600

600 mm

c) IB2P-S d) Prism test

e)IB2-DT-CT f) IBRT-S

Fig. 6 Details of strengthened concrete block prisms _ _
Fig. 7 Concrete blockforDiagonal Tension Test

2.6. Diagonal TensionTest [ T
Three sets of concrete block panels were prepared
for diagonal tension testing as follows: a) concrete block -
panels (CB-DT), b) the interlocking concrete block
panels with thin bed adhesive mortar 08}, and c) VA=
the interlocking concrete block panels with thick bed Loading plate
cement mortar (IBDT). The block panels were Loading Shoe
prepared for 600x600 msquare.The holes were filled Verlich! L VDT?
with the cement mortar with the cement and sand ratio gggférggfn
of 1:2. . fiZorjtal LVDT
The strengthened panels were prepared similar to
those of the prism test. The cont(@T) and the i Loading Shoe
strengthened pas€b)for CB, IB1, IB2are presented in Testing machine base

Fig. 7arb, 7c7d, 7erf, respectivelyfhree sets of block
panels were strengthened by using the expanded metal
mesh Ng22Mo.23, X831, XS32, and the wire mesh ig' 8 Diagonal Tension Test

SM, HM. For each set of block panels, the total E
specimens were prepared for the 7 panel types witg

specimens for each type. The block panels were teste
for 28 days diagonal tension strength according to ASTM . .
E51902 [28 (Fig. 8). The LVDT instruments were 3.1. Concrete Mixed Proportion

installed in the vertical and horizontal directins
measure the displacement of the specimen under Ioag'm

gxperimental Results

The first trial mix design was to determine the
thble sludge content for the variation of sludge and
fine aggregat@tio. The resultsf compressive strength
including density and the water absorption versus the
sludge conterfor 7 days curingre pesented in Fig. 9a,
9b, respectively.
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14,00 . . 165 content of 30% in the mix proportion. The results of
z e e e R compressive strength including density and the water
R o N\ T 160 absorption versus theater contentobtained from 12
R R e : e B sets of mortar specimeios 7 days curingre presented
%ﬂ s.00 T L. R f ________ 0 2 in Fig. 10a, 1) respectively. o
@ ol L A R - ' The compressive strength was steadily increased
B ] ] i ! £ with the addition of water content due to the presence of
R Ees pooees P b----- - o 5 water treatment sludge that requiredtiaddl water for
£ ol R A A L 135 the hydrated reactionThe cement hydration continued
© - ; ; ! ; ;1 " with the increase of wic ratiddeanwhile, the cement
" ov 0% 2%  30%  40%  50% 0% pase gained more strength and density to the
Sludge content 7 Compressive Strength optimum water content. The oversupply water made the
_ ¥ Density more porous cement pasteuiéing to the adverse effect
a S@ength and density of compressive strength and the less densithe

optimum water content was required up to 6%
cemenby weighthat provided the compressive strength
of 15.22 MPa and the density of 1.65 3[/and the
water absorption of 19.55%he obtained results are
conforming to the lightweight concrete class C16
according td’1S 260113[24].

The third mix design was tietermine the suitable
foaming agent content by applying the optimum sludge
content of 30% and water content of 60% in the mix
proportion.  The results of compressive strength
including density and the water absorption versus the
o 100 200 3000 400 50%  60% foam content obFalned fromsets of mortar specimens

Sludge content o bsorption for 7 (_1ays curing are presented in Fig. 11a, 11b,
. , respectively.
b' Water &sorption The compressive strength and density were
) continuously decreased with the addition of foaming
Fig. 9CCompressive strengtdensity and the wateragent content due to the increasemigroscopicair
absorption versus the sludge content voids causing mermirentrained concrete.
The foam content of 0.6% was selected as the
It was found that the compressive strength a@gtimum consistency of mixture that provided the
density wereincreased with the addition of sludgeompressive strength of 15.40 MPa and the density of
content up to 30%.The beneficial effect of additionall.65 T/n®, and the water absorption of 17.92%. The
sludge content on the compressive strength was duebtgined results are conforgirto the lightweight
the balancing of water content of the cement hydratiismcrete class C16 accordingl® 260113 [24].
owing to the water absorption of sludgéhe water Therefore, the appropriate mix proportion was
treatment sludgepossess high water absorption considered as the final mix presented in Table 2. The
characteristic which could ab&ite excessive waiier final mix proportjon was verified by testing the
reach the optimurydrationof cement pasteHowever, 150x150%150 mfdcement mortar for compressive
the over demanaf sludge content causkdge amount strength, density and water absorption. The interlocking
of water absorptiomesulting to thdack of water for concrete block with the final mix proportion was also
cement hydratignand hence adverse effect on tHested for the compressive strength according to TIS
compressive strengthThe effect of additional sludgel0874 [29]. The test results of 28 days curing are
content on the density was conforming to the balanddgsenté in Table 3. The test results of cement mortar
of water content of the cement hydration. dworbed are conforming tahe lightweight concrete class C16
water at the less sgel content caused more cemedccording to TIS 260113 [24]. In addition, the
hydration, and it contributed to more deresment paste compressive strength of titerlocking concrete block
up to the optimum hydrationThe oversupply sludgeis higher than the specified strength of 2.0 kipacit
contentled to the pmuscement paste, and hence le§gadbearing concrete block according to TIB5$30]
dense cement paste. Eventually,lte optimum sludge and it is also higher than the compressive strength of
contentof 30% provided thecompressive strength ofordinary concrete block (2.34 MPa). Whiledtesity
12.98 Mpa, the density of 1.63 Tohénd the water (1,700 kg/md) of the ordinary concrete bloclks
absorption of 15.92%onformingto the lightweight comparable to thaterlocking conete block.
concrete class C16 accordingl® 260113[24].
The second mix design was to determine the
suitable water content by applying the optimum sludge

25.00

20.00 1

15.00 A

10.00 3

Water absorption (%)

0.00
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16.50 1.80 25.00 T T T T T T T T T
1 1t 152 1510 A
15.00 = == = o - —_m b 160 i i i i i i i 2334
- 1 1 1 1 1 1 1
1350 fo- - - - A AN -] $ 2000 o= - [t Sl Bty G el 0173 i
E | o * S R AR e R
E 1200 |- H== et = ] 2 N7as iV 1 1 1 1 1
- . 120 & Bo1so0 -l ALl L__L__
Ol R R S T A VA : : A
i) = =
Y S IR S I N4 SR S S U S VA 100 2 = [
- = 1 1 i 1 1 1 1 1 1
§ % S 1000 F—-lm— ol e md e m bk m b — - —
w 180 fr--q--7--7-Afr--7--r--r-- 0.80 2 = 1 1 i 1 1 1 1 1 1
@ 5 = 1 1 i 1 1 1 1 1 1
2 600 Ao m L oo 1 1 i 1 1 1 1 1 1
7 0.60 i [ T [ T T T
P TR S AR S SO S I S | e St el St el it ek ettt st
g :
" 1 1 i 1 1 1 1 1 1
§ L S o1 e e T S e S e k. 0.40 1 1 i 1 1 1 1 1 1
o - 020 0.00 | | i | | | | | |
Ls0 | [ it aiaiel niaalh ’ 0.005 0.006 0.007 0.008 0.009
000 L34 L Foam content
T 20% 25% 30% 35% 40% 45% 50% 55% 60% 63% T0% 75% . -0- Water absorption
‘Water content -O-Compressive strength b' mtel‘ abSOI"ption
FDensity
] - . -
a S@ength and density Fig. 11@ompressive strength, density wedwater
2500 —_ absorption versus the foam content

500 f--Lold Lo Lol b Ll

200 1_ ail Table 3. Properties of cement mortar and interlock
£ PACURN block.
2 1500 ISR ' . Strength Density Absorption
z Lo L Specimens
: R P (Mpa)  (kg/md) (%)
% 1000 R R Cement mortar 16.4 1640 16.87
? HEE Interlocking block 5.0 1600 16.82
L i i_ L 1 1,
bl
d

3.2. Results of Concrete Block Prisms

0.00
20% 25% 30% 35% 40% 45% 350% 55% 60% 63% 70% 75% . .
Water content The failure mechanismof the three sets of concrete
ow » _ . .
o | Wateraborption block prisms concrete block (CB), interlocking block
b'\Water asorption (IB1), and interlocking block (IB2ye presented in

_ . . . Fig.12al2g Fig.13al3g, and Fig.14ag, respectively
Fig. 100Compressive strength, density and the wafefe failure modes indicated by the arrows with

absorption versus the water content abbreviations as shown in these figures are summarized
in Table4. The concrete block (CB) prisms were failed
, , , ‘ 150 under bilateral tension caudimg vertical spalling cracks
1750 |l - S SO S at both surfaces of éhspecimens which dace shell
~ R e L N R I separationmode for all specimens The failure
s LN 160 mechanismwas due to thénternalsrress in concrete
o 1250 [ F ........ R S R Lo = block under prism tedltustrated irFig. Ba  When the
B . § 2 prism was subjected to the vertical compressive stress,
e A N\ 140 £ the concrete block waspandedn the lateral direction
£ oaso | :‘ _____ L 83\ a0 E more than the bed mortar.Since the compressive
g P : \ s strength of concrete block was lower than that of the bed
g 00 A A N\ 120 mortar, and hence the lemelastic moduluthis created
S S S S SR W 110 the bilateral tension in the concrete blobleanwhile,
Py ’ Lo B! the bed mortar was confined with the concrete block,
000 005 0006 0007 0005 0008 100 resulting to the t@xial compression within bed mortar.
] " Foam content ’ The stress equilibrium in the lateral directieatedhe
“O-Compressive strength bilateral tension in the concrete blatkusing the
. ~0-Density spalling crack atoth sides of prism For the
a S@ength and density strengthened specimenih the expanded metal mesh

(CB-P-22, CBP-23, CBP-31, CBP-32) including the
specimens witlwvire mesh(CB-P-SM, CBP-HM), the
effect of reinforcemermnhanced the tensile strength of
concrete prisms salting to the increase of compressive
strengthof the prisms It can be observed that the
plastered cement mortar of fhiesm strengthened with
hexagonal wire me§BB-P-HM) was slipped offlue to
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insufficient bond strength betwettie wire mesh and d) CB31(Side) (Front)
the concrete panelThe debondingwascaused by the

insufficient embedded length of #wew penetrated in"
the hollow concrete block SEFET

For the mechanism of interlocking block, trglll

internalstress under prism test is presented in Fig. 1
The bilateral stress crehtshear stress along the@
interface between the bed mortar and the sheafkey. § ; Ll &
longitudinakhear strengtfx-axis) is greater than that oi" . : -
the transverse directiqgraxis)due to thecorrugated e) CEZOSIde) (Front)
interlockingshear key. The control specimen of the
interlocking block with thin bed adhesive mortar-@81
CT) was failed undéateral bucklingn the weaker plane
resulting intension breakailuremodeobserved byhe
horizontal crack of bed mortar betweanhinterlocking
block This indicatd that adhesive mortar typically uset
in the construction of lightweight concrete bloc
provided insufficient bond strength between interlocki
block. However the strengthened specimengh
expanded metal megiB1-P-22, IB1P-23, IB1P-31,
IB1-P-32) ircluding the specimens with wire mesh-(IB%
P-SM, IBXP-HM) protected againgateral buckling in &
the weaker plane withaension breafailure the lateral

of all strengthened specimevesschanged tdace shell ) GE—IM?Bide) " (Front)

separation mode.

-
ISS_ -
‘

A |s%
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Fig. 12Bailure ofConcrete BlogkCB (Prism test)

The control specimen of the interlocking block with
thick bed cement mortgiB2-P-CT) was failed under
shear break failure mode observed by the diagonal crack
of the end section of the interlocking blockhe
horizontal crack passed through the interlocking block
without any crack at the bed mortar. This indicated that
the thik bed cement mortar was superior to the thin bed
adhesive mortar typically used in the construction of
lightweight concrete. Imontrast the strengthened
specimens with expanded metal meshRiB2, I1B2P-

23, IB2P-31, IB2P-32) including the specimewith

wire mesh (IBP-SM, IB2P-HM) protected against the
shear break failure, and the failure mechanism of all
strengthened specimens was face shell separation mode.

The dressstrain relationship of the three sets of
concrete block prisms are presentedrig. 16. It is
obvious that the compressive strength values of all types
of the strengthened specimens are greater than that of
the control specimen. Among the strengthened
specimens, the expanded metal meshes provided the
greater compressive stréndhan those of the wire
meshes (SM and HM) due to the superior bonding
between the mesh and the block prisms. The expanded
metal meshes are divided into 2 groups: a) small meshes,
i.e, No.22 and No.23, b) large meshes, i.e, XS31, XS32.
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&5
g) IBHM
Fig. 14@ailure of interlocking blod¢B2 (Prism test)

Table 4Failure modes of prism tests
Specimen® OO0 O G&AIeN(d @€ @MA

CBPCT Face shell separation (f¢
IB1PCT Tension break (ts)
IB2PCT Shear break (sb)
CBP22, IBIP22 IB2P-22 Face shell separation (f:
CBP-23 IB1P23, IB2P23 Face shell separation (fs
CBP31, IBHP31, IB2P31 Face shell separation (f
CBP-32 IB1P-32, IB2P32 Face shell separation (fs

CBP-SM, IBPSM, IB2P-SM Face shell separation (fs
CBPHM, IB1-PHM, IB2PHMO GFaxe shell separati(iss)

Concrete

Block

Vertical

g) IB?.HM . . . COmDFiSSfOnUy Biaters)
Fig. 13Bailure of interlocking blo¢B1 (Prism test) . ° 7 ftension ;
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Fig. 158¢tress in concrete block under prism test
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For the small meshethe expanded metdlo. 22 times that of the control specimen, respectively.
provided higher strength than that of No. 23 due to t8anilarly, the ductility capacity was significantly increased
greater value dhe specific surface of reinforcemeht by 6.48, 5.71, 4.55, 3.91 times that of the control
No. 22 (%= 0.0486 m) when compared witthat of specimen. It was noticed that the strengthdarctility
No.23(S = 0.0338 ni), as presented in Table The of specimens with expanded metal are greater than that
high value of &nhanced the bond strength between thé the wire meshed (SM, HM) for all types of concrete
mesh and the block paneésulting to the high blocks. The effects of mesh type witherlapped
compressive strength of prisnor the case oflarge diamond shape of the expanded metal contriibted
meshes, he compressive strength of XS31, XS3rength and ductility that igpsuior to the conventional
specimens are lower than the small meshes. Althawigh mesh.
the S valuesof large meshesre greater than the small
mesh the large meshes possess thicker and larger mesh
sizes, and hence the large meshed are stiffer than the
small meshes.The latilanedid not uniformly attach
with the block surfaceas a resultjebondingoccured
under loading The large meshes could not achieve their
load carrying capacigrresponding to theineshsizes.
Additionalinvestigation is required farrther study to
improve the efficiency of expanded metal rash as
the stregthening with the addition of tightened bolts.

The comparison among the three sets of the prism
tests revealed that thempressive strength tiin bed
adhesive mortainterlocking block prism@B1-P) are
higherthan the concrete blockCB-P) for both control
specimen and strengthened specimerise effect of
shear key for interlocking block enhanced the bond
strength between each concrete bidekncompared to
the conventionablock In addition, the thick bed
cenent mortar interlocking block prisms @BR is
superior to the thin bed adhesive mortar interlocking
block prisms (IBP). The compressive strength of 1B2
P was significantly enhanced due tohigh adhesive
strengthof cement mortawith thick bedmprovedthe
bond strengthiransmitted by the shear kmtween each
interlocking block

The strength and ductility capacity of concrete block
prisms CB, IB1, IB2 are considered from the sttass
relationships. The strength and strain corresponding to
the yiled and the maximum points were determined _
based on the method presented by P. Panyakapo [31]. b) Interlocking blocKB1-P)
The results of G, IBEP, IB2P are shown in Table 5,

6, 7, respectively. For the concrete block, the
strengthened specimens with expanded n@Bdt-Z2,

CBP-23, CBP-31, CBP-32) provided the load capacity

1.56, 1.47, 1.36, 1.33 times that of the control specimen,
respectively. Similarly, the ductility capacity was 4.90,
3.91, 2.51, 2.47 times that of the control specimen.

For thethin bed adhesive mortar interlocking block
prisms (IB1P), the strengthened specimens with
expanded metdB1-P-22, IB1P-23, IB1P-31, IB1P-32)

provided the load capacity 1.77, 1.54, 1.36, 1.28 times
that of the control specimen, respectively. Similhe
ductility capacity was 4.21, 3.29, 3.14, 2.97 times that of
the control specimen. c) Interlocking blocKiB2-P)
For thethick bed cement mortar interlocking block
prisms (IB2P), the strengthened specimens withig. 16Stressstrain relationship of concrete block
expanded metaB2-P-22, IB2P23, IB2P-31, IB2P-32) prisms

enhanced th load capacity up to 2.00, 1.73, 1.43, 1.42

a) Concrete blodiCB-P)
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