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ABSTRALT

Bip-cenymes arc organic dcpradahlc matcrmls, cemenily sinsdeced as sodll snprovemest addieves. Tha paper
cvalumicd the sbrengih and I rh::tn':ﬁu.d'ldurhﬂ-:h:rlﬁ-l;LHnl: The snils
wore siabilieed with 5, 10, 15 azd 2% by woi From the rolis. the | lieants
phizned mne 41% and 50050 %5, Plasie Limi I:ﬂ"l-..n:l.:li scity index in JE92% and | for
uamples A md B rewpoctiechy. mmrﬂﬁﬂpﬂpﬂyhmlnﬂﬁﬁlﬂ-m]h'ﬁ
and 20.6% and T 70 andl 1. 75 cospecircly. From the Bt ks remli, the MO decreass irom | 1aFs
o 9.50%: with an incvomc in from (s o 2P% for c & whik ibc some decrcascs was
checresd for semple B from 17 23085 o 1400 b sddiioe, the work revealied a | 1635 meremonim CHE value
of wisbikored sl [snprovanest from 20T o 45 ] 15 (o A- 76 clay and ¥15.41% rxremesl n CHR valer, fom
1006 1o &1.78% for 4-7-5 clay when beoth wers curcd for I days wath 0 o 3006 Licasc bi 1
Afier 28 days ouemg, there i 130 -1 75% incremeni m UCS of A-7-6 with 5D of urease cncypmes. n
135 - 158% incremani i UCS o A-T-5 sl v recorded waith 5 -3 wome corymes. Bio-Encymes s thersions
recommendad a5 sabdivieg sgents for et n road or oitber comstrection, cpecilly where weak cly sinls ane

Hrymanis Hix-Lanmo, Conpacion, Clor o, Soul Siakeleanien

i INTROCTIN
Weak cloyy = 2 problematic ssil in protechnical
chgmETing practice. [tn:r::-F'l':h: spoead mil
typex avmilable for comsireciion = Magera. |
vulscrabality 1o sovers shear sircegth boss i ooz o iis
when ds nefural stectune 1 deburbed duc o
rererslding (Bend and Brosees, 1981). [E:lr-:E
carmel be michy asd cconomically used for
comsiruction of ovil cegmccnng siouctercs wilkoud
g =oare siabilrston measarss | Abolanesa,

DMl Heomee e pood for sesiamablc =l

comiracion. This challenge bas lod o i denisfacalion and
we of new constrectos malcnab asd echoigues.
Cesirchnicall cxgmocrng progecis = clescly rebaied
o coomomie od ovinmonial D

] n.lh.'n.lbil.i'l':rul'm.:hril.mdiuﬁ:-:
peojects ooy belp m atbenng ovenll sustsobic
hhpﬁtﬂ&u“l.”nhimﬂ'm

and desygn ploses of thoo peojects are didated by
r—:ﬂimﬂnmmalhrdmﬁ
of kowladpe absmi the cifict =f $ho

proccs on the ovironmest (Abeey wi oal . BEE]L
Masufsciuneg of resdily ssad consinscton maicrials
wech as comeni azd lime, kas 3 deioioning cffeci on
the cxvaronment; e productan of comeel asd lime
crcrgy demnding, and of oely o ien of
comenl cmiis abosi oac en of T0y (Ebodes o .,
il i3]

Koocnily Hio- ko
zhormal for stabilirabon o-Exrymes are
chermacal, organic, andl ligusl coscentrated absanocs
wkich s umed bo the sish iy of sl sub-hase
of parrement srectercs. W= a pom-lotic, -
llammable, oocmrsive hgusd ceryme ermelaion

Hicredra, D15

The Bio-Erxyme stabilicstson bas shews lith: 1o vy
bigh improverment m physcal properiss of sl This
letle Enprovement b due 0 chemicall consiiteent
-:fﬁrn-i.'l'h.:hh.:L reactrrity with Ba-Exrymec.
In the cascs of kighly clay moderaie sl ke silty sl



1o wmdy sedd (Vhaguer @ al, 2005). The cffoct of
coenprooan arcngth. Bergmasn (20000 conchadad
that the Bio-Exryme requies soone clay comtant m the
aggrepaic mutcred 0 onder bo creste the roachion st
will the motcral. The  wsccowmful
sbiketion cosld be achicvad with as bhtde = 2
peroant clay s the aggregaic mataral but best smwsht
socezx to be ackseved with 10 to 1S percent chey.
Keatler (20091 sagpoed faat crorymes are propractary
Hm m»mu
Sl Sl sk’ Tl s o
sincebed by the day latce and xe afbarwands frecd
with mctls catoes.  hove 3
:’:&nﬁ‘- the bohavioer u(lkclz’yk’m forut
cauceg them o gt bigger md thon to stiffes |Rasch
eval, 2003
Scholes (1992), wod ncroase the
_ddmdmmﬂdmm.lm:b
shower spood in the absszce of cmrymes, withowt
a of e fizal Rescarch
Sy o L) o e s il
-d-md“mmahuduby
ﬂn! 2011 ). The veatad xarplo were cored
conddocns; scaled m polythces and mr-
M\omuw&dm
arad na
scaled cosdtion, whoese 3 maxerus of 1S gun o
sboegth waa observed for sod ssrples corad m an @r-
dry condion. However, Veskatoasheassazian sd
Divszakosme (2011 ) usad throe swonlls with chyy comtent of
20, L1S, 3nd W% wath Pla of 6.5 and 8% sowpectovcly.
Increases m umconimed compeoadve strength from
2000 1o s xfor 2 wocks and 4 wocka, sespectvely,
udmwfwtkmuudﬂ A
muxxenem  icmeme of 450% = uscmfiead
cumpresenve soegth wan ceconded by Shondoar of ot
1 2000) whes 2 leorise wil (LL = 45% and Pl = 10%)
was trested with 4 tmmes the rocommandod dosspe by
the caxyme sepplhicr
Tamalyme. Part of tho subdantad mparvenent could
hervz boen duc to motvtare kos bocsue e montssc
coniont =t e time of the samplke pecpanabion and
totng wans 2ot mentaoned | those two stsdox

I MEYHODOLOGY

L1 Matorzaly

Test Sail: The setl sample wed for Gus wudy was
c*:ﬁ&uhmwpmnod&:r vallage. noe
Lagoo-Cwars Commasuty, 3 sshearb of Mama, Niger
State. Nigera usny ditarbed sampling tocknagee =t
depth of

2% laternatmsad Civil Engiscorsag Conforonce (JCEC 2008
of Civd Enginecriag
Foderal Univervity of Tocknology, Maana, Ngpors

05e, Llm |5 and 20 meters fom two clowiees, A
and B. The samples were puvenecd and sr-dned for
fisther salywo an dhomn in Pl L

Phate |: Colicction of =z dexd saraple for smahos

Bie-Earymex: Urcase Bio-Esoymex was produced =
the Beclogy of the Foderal Usivenaty of
Teckrology Maza. #t win cxiracicd o the bactera
Lynondocliar fargformu Stran asd grown = B4
sacdamn.

2.2 Metheds

praviscs, partick sizc aradyae xod heoub

ol were condicted 0 acoondance ots

pnuﬁnq’dd-mnn: 190

Co charscterntion: Compactun of clay wel
with and without Hio-Enrymes spocenens

wa coedacicd -m:mhﬁtydhu
wpecificd in BS 1377 (1990) o compuse the required
pormmctcrs. The Reduced Both Stederd b
(RBSL) compoctive cffiet was wed The l&
compacton = the cocrgy rowlting fooem 1.5 kg cassmcr
(allng throcgh 2 hoght of 30 om cax three bayen,
cach mociving |5 blowx

Unceafined compresveve sreapth (LCSe The LUCS
tod was conducted = accordance with the
wpecifiod m BS, 1377 (1990) The chy wed won

wahdized wifh varymg percestages of §, 10, 1S md
2P relatve to OMC and witk Rodeced
Braask Sandard Light (25 ky } comspactive

-&c = of 24 + 2C
Colornia beariog rotie (CBIRY The sakesd CER of
sahdized clyy specimenn was condocted 18 xccoedance
'ﬁﬁc wpexified m BS 1377 (1990) =

roguead parsncicrs 3s xhown = Plac B
GMJMMMW‘uﬂhhM
were poerad mibo CBR meould and cassmed with 4.5 &y
rumencr @io five layon, cach reconving 82 blowa. The
atached wpper 3nd lower diad grsges mcssres the
spper md lower penctratns of the phuger.
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Plate 11: Califoresa beanng oo lost of sample

38 RESULYS AND INSCUSSION
Index propertion of the mutural Sail: The mdex
reopates of the astural clay wil ;d weae crrymes
arc shows m Fagere | and Table |. ﬂ:fndmpnuq
No 200 wcve = 61 K3 and S8 01% for A-T-6 md A-T-
S wils ropectvely. An average value of 16.9% ad
21 A% wors obtoencd 3s rateral mosdere costent for A-
76 and A-T-5 soeds raspoctivdy. The mean Specifc
pravity for value for
A-T-6 wan 2%3{1:' whic that foe A-T7-5 wul waa
275gan’. The pluticety index of the sotls indcates
that, the woil = wartsble 3 wib-grade moterals = rosd
comstruction bocause ey fall below the muzximum
25% recommended for wib-grade tropiced woils by
Strsem of ol (1973). The woil ix chasoficd 23 CL or, A
T-6md A -7 - § sccoeding to Unfscd Sail
Choafcation ad AASHTO wil  dessfication
wywiczmn respectivedy (AASHTO, 1986; ASTM, 1992).

:\m.&ztn Kotlr (2009), cazymes may work
weatably for soih contareng | 2-24% dlay fraction wah
3 plasticdy mdex botwess § and 15, Samplc A d B
scil full mbo tha catcgory, and thoclore am quik
Gting for cxryme finctionng md paformance i sail
suhikotion. The propertics of the wrome crymes
accomdizg to Peng v al (2011) 1 shows m Tabic |
The gradag carves from the wove asalysis shous =
Fipra | and 1, whik e sermmzy of goeotcchnical
peopertes of e ot sarmplos = shows i Table 2
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Table §: Phrywacad Propertics of Urease Envcymes

Identification  as Urease Encymes

o appean

Harcedow Conpousds  None

Hoding porst loorC

Specefic Gravaey 20
Evapomstioes Rate Saemc s waler
Mching Poxs Ligqasd
Sokabclity = water Compleic
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Fagure 1: Sicve Amalyss of A-7-5 Sarple
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Figure 2: Sicve Amalyss of A-7-6 Sarplke
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Table 2: Gootochizical Propertios of Natursd Sculs

Table 3: Compaction paramctens of Urcase Escymes
sabdized sail

“Preperties |Average) 0y 0 Samgle AT ATs
AT4 A5 Eruy e OME®S  wbtiges’s O %)
— - MDDy gew'y
Speatic gravay of eel 2 .73 "
Nanral mosesre comem (%) A9 A [ 2am " 1720 L2
Ay Ky ] %0 195 17.00 L%
Liguid tuart (%) A 0.3
Plansc st (%) 08 5.8 10 EE T 1500 ™
Phontciy aten e 1454 15 L] 138 1530 1@
“ Pauiag IS No M aeve SEX3 W0 - Laae m e
Clasificaton x .
rscs Pt o Effect of varying desages of Urvase Easyses on
AASHTO AT 73 Sasked Califorsis Bearing Ratie (CBR)

Effect of varylag desages of Urcase Excymes on
Cumpaction Characterivics of tost woily

Compaction claracratio: of wil cay seil (ustreatad)

1o carymes. The remalt o shown = Table 4. Theee
importast faciors that sfect the compacton of setl =x
moature content, sod type. and compaction cffort. The
OMC 2zd MDD for the soel atabelined with
r are 12 6% and | Ylg'an’ o well 32
l?M.dl?.'t-Ji:.\?-é sl and A-7-5 chay

seils rexpectively.
For A-7-6 sotk, there i 2 decrexee = OMC fros 1280
1o 1030 duc b the addtion of 5% coaymes whch
further incrcsacd o MLSOM OMC with ae inorcone of
1% cxrymes. Tha od weh 3
conederable mcrcase of MDD $om | 9lglom' ©
1 98 g/cm3 for A-76 sodb. The sene docmne 5 OMC
and morcase m MDD & cbeerved with A-7-5 wis op
1o 20% exxymcs. [t o obuerved thet the OMC for boch
A-T web<chua sothe docresses with mcroming MDD
It = soce that aficr the addesce of wease cxxymes, the
for both A-7-6 and A-T-5 secle. ¥ mdcates that the
voids botweoen the sotl patclos have & d md
the soil e achicved greater compaction at el
compoctive cffeet. The vaoration in
pe=mncices of stabelood senl v dhown i Tablc ).

The rexslts of the scakod CHR 1 duplayed m Table
4.0 whach iflumce of soaking i evident m the sewals
obtzmcd. Both the CBR and UCS @z oficn used ©
estrmaic the capacty of nh-grade
andd wab-booe sotke (U Imm&u,m
wa addod m varying poomtages of 5, 10, 15 and
2% and soaked for 28 duyx The CHR valucs ar
shows graphically s Fugoes £ It ix ovident that the
CBR valo increascs with e incrowe @ wrone

Enrymex atiaches to the clay molooules,
akers chay and bter detaches itelf froem the
modifiad chay by shafnyg w itx cegizal Soom afler the
corpltan of the reacton When = caxyme-
wsbsteatc comples = formad, the curymes convart the
lecal condibom @ e reachion sk entecly & kot
to thoe cutaide the maction wic. Tha way, the
charges in pH and tomperature do not hinder the clay
oodifictan. The srprovonsst = wcdkad Cﬂ
Vakaex 1 due o modificabion of clay
the addicn of $%6 the soskod CER valucx
mocrcancd o 2901 snd 1748 . fre A-T-6 m0d A-7-5
ik avely. Thew w2 norcae o
oy e Pl e
for both A.7-6 snd A-7-5 scdds respectively. I =
cbocrvad fhal the mcrene cffct s mees on A-T-6
wile than A-7-5 il gencrally. Thoelore enryme
sahdiration mcremed the CBR of A-T-6 by 1 1698%
(from 2079 40 45, 11%), and A-7-S by 315.41% (from
1006 w 41.79%). With the CHR valucx of 45.11%
and 41. 9%, thoe curyme-atabilizad day ar sutable
for road base ad sb-base ©
FAEWH (1997 2 Nepevion Cmeral Spocfcnton
(197,

266



Table 4: Vievewn California Bormg Rato (Sosked)

with Uecuse Exaymes
A-T4 Cam A-T-5 Cusms.
Iecr. Ircx

Urcc®s CHBR* CHRN C(BRS  (BES

o 0% o Y ©

s Xm 2% ns 42

1 i 37 017 §s

15 R0 S3 3xa2 91

20 4511 ) 41.79 116

Carn % huivaw n (Bherds P ewwes Sunage

e ——

«BBabNran b

Figure 3: CEBR valucs of crorymes-sabdized clay

Effect of varying desapes of Urcase Enrcymes an
U nconfined Compreveve Strength (L'CS)
The Unconfined Cronproxave Strangth of woft clay sl
wax evalusted by wohilsation with diforcnt dosapes
of wexse 2t 5, 10, LS and 2% aed corad :n desccston
for 2K dowys.
Tee pouitive effect of conng @ cvident in e obsenved
vﬂccﬂ.xwﬁnﬁ(‘ WGUCS)-
doplayed m Table § ::
i::—:‘itkh:tu:m kmm
for camples A-7-6 3ed A-7-5 both cerad for 28 dayx
Tha phanomcnos acoerdng to Adcyer and Abolern
(200} = 53 3 coalt of mooture oty of grams of
soil attnbutable to serface chermxal coactan. Fiy
40 presests the Lnconfmed Commpromive S of
A-T6 md A-T-5 sotls sabdized wath and without
wene and the cffedt of crmg os the Usconfined
Compremive Srength Vakee.
The Uncomfined Comprewene Strength of A-TH
sabikred with ocme b shown  omendoss
impeovancst with moreae @ doage amoust. The
Uncoalfined Comspeamine of 0% wil
wan 2323 md IT04 EN'ms’ fie A-76 3nd A-7-5 sode
ropectively, There v 3 prgrowive morcase from
349,40 10 407.73 EN‘m” with 5-20% iscrcme of urcass
on A-T-6. A unils morcue i« sbuerved oo
A-T-5 wonll froem 863,50 4o 576,64 EN'=* with § 0 200
increme i cnrymees. The morcment was soticed sfer

2% laternatwasd Civil Engioversag Cenference (1CEC 2028
of Civdl Eng
Foderal University of Tocknology, Meana, Niperas

the both camples were cured sfier 2K dayx an shown =
Tablc S nd Figarc 4

Table 5: LCS of cneyme stabilized chry scd

Sarple A-T6  Cum™  ATS Cun™
Incr. ho. o

Ureme™ UGS ucs ues ues

(N ) (N

0 2123 0 30 0

5 340.40 M 46350 0

1o ELYE ) 36 M50 32

15 mn 4 55397 36

20 407.73 40 57664 40

LU S Poemm o 200 Wi [iprwal Dooage

R et o

Fagure & Incosoe 1 UCS with cxrymes dovage

4 CONCLUSION

An unvestigation inho the effect of mocasng Uecze
Ezxsymes confers on the md
wame woll clyy froem Borren pet i Bing
Commungy, Nper Stsic lad o the folbwng
conchnicns

Stabdization of the woids wh woie cayma
ﬂ‘qa-*ﬁie&n:”lm-
OMC 2u corymz
Wnﬁhmcﬂbnxm.‘x‘mpoﬁkd
mcreancs which in cvadest by the incroee 1 UCS nd
CBR valsex Urcme docrmasey the vouds
betweee the sodl particks and thn mocna the
cormpactan md dermity of the xoil

The CBR vadus for e (f stabdrood sl was
foussd o be 207 mnd ) for A-7-6 and A-7S
woib sxpoctively. When souked for 28 days with the
addtion of wone Fom 5% o 2P, thare was
as incrcass = the valec to 4511 mnd &1 79 for
A-T6 md AT-S scils rowpectively.  Emzyme
wabdizabion sxveasad the CBR of A-7-6 by 116.95%
(from 207 bo 451190 and A-7-5 by J15.41% (fom
1006 w0 41.79%). With e CEBR valucs of 451 1% nd



41.79%, these owryme-atabihised clay sre wntble for
road basc and xub-boss spplicaton.

Strengte of A-T-6
mﬁ_ehhn-nd-

umprovaron! with mcrcae @ dosgge amoust. The
Unconfinad ve of 0% crurymscs sl
wan 2323 mnd 3704 EN'= o A-76 and A-7-5 scels
repectively, There s 3 progreene iscraase from
34940 1o 407.73 kN'm” with $-20% increase of urcase
crrymes on A-T-6 A unils moroee w obnerved on
A-T-5 scal froem 463, SODS?Q.“kN'-‘ﬂthM
incremee B cnrymnes aficr 248

Aficr 18 duys curmy, there o | -l’ r——
UCS of A-7T46 witk S 20N of srome casymen
Simibely = 125 -156% mcrament in UCS of A-7-5 sl
wan roconded with § 20 srcme carymo.

Thas, Urcase cinzyme e 2 satidactory sabaismg spont
for clayey sotle Tknhmd’hmm
= = sliomotve o the cxpoeve

woukd reduce comtructon cont. The = more

in the camctoe of low - medium gaffic volune
roads or other comtuction where fewe hpe of
peobiermatic chyy muy be cncountered.
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