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Abstract

This research studied the soil improvement with the concepts of chemical ground improvement
technique on soft clay. The main objective of this study was to present the possibility of utilizing biomass
ash to partially replace Type I Portland cement for stabilization of a low swelling clay. The kaolinitic soil
and soft Bangkok clay in this study are represented the low swelling clay. Type I Portland cement was used
as a main stabilizer and biomass ash was partially replaced with 10-40 % by weight of cement. The
compressive strengths were investigated through unconfined compression test. For this experimental
result, strength of the stabilized clay, the 20% biomass ash replacement produces the highest strength
between 14 — 60 days of curing. It is found that the prime parameter controlling the strength of cement-
biomass ash stabilized clay is the clay-water/blended cement ratio, w/C*. The binder content of the blended
cement, C’ is the summation of the input of cement, C; and the equivalent cement, C,. The C, is determined
based on the concept of an efficiency factor (k), which is adopted as a measure of the relative performance
of supplementary cementing material compared with Type I Portland cement. The C, is equivalent to k. F
where F'is biomass ash content and £ is efficiency factor. From the analysis, the value of & is dependent
upon the replacement ratio and curing time, and irrespective of binder content and water content. A
phenomenological model for assessing the strength development is introduced and verified. It can possibly
be applied as a simple and rational tool for predicting the other blended cement stabilized low swelling

clays.
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2 Lecturer, Department of Civil Engineering, Faculty of Engineering.
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Low swelling clay (LI = 1-2) I T

O Gur sy = 3456.6/w,/C)"*

/r/ = 0.9536 . 4
@ it days) = 38883/wo/C)"
/r/ = 0.9739

A Gues dayg = 4627 4/w/C)
A

7

/r/ = 0.9472 .
Clu(60 days) = 5198.3/W/C)
/r/ = 0.9461

1.41
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FEINAAS Sepa Uit w/C fifsenine
25 9 7.5 léiss umasioludl

1.40
Goson| _ | 0%/ Ol (02132 + 0.23941n D)
(WC/C)D
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w, = 425%, C = 17%
w, = 516%, C = 20.64%

Kaolinitic clay ; Present work i
(LI=1-2)

W, = 5868%, C = 1304%
w, = 425%, C = 567%
W, = 425%, C = 85%

w, = 516%, C = 6.88%
W, = 5089%, C = 1454%
w, = 5089%, C = 7.83% &
w, = 58.68%, C = 13.04%

@ W =1035%, C = 15%
O w, =1035%, C = 20%

XE>omO»> 0o

T T T
w, = 103%, C = 41.2%
w, = 103%, C = 67.12%

———— T —T—1
|Bangkok soft clay ; Present work I

w, = 103%, C = 206%
w, = 167.8%, C = 33.56%
w, = 103%, C = 13.73%
w, = 167.8%, C = 22.37%
w, = 9215%, C = 2497%

w, = 92.15%, C = 19.99%
w, = 110.94%, C = 20.17%

0]

N T T T
L O w,=997%, C=2010%

I @ W, =997%, C = 2345% i
T A w,=997%. C=2681% o
A W, =997%, C=3016%

F O w.=997% C=3351% |Expressway No.9 (Bangkok - Chon)
at 4 m. depth by Ten Consultants Co., Ltd. | 7

L Gy ot /Clu a1 25 aays = 02132 + 0.2394 In D
| =09041

Curing time (days)
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masdndudud onde an1sii (3) Tandam i@
PMIIAINTINGINNTNT 3 LBanwana aUTBIAAA
POIRUTINURT w/C Wileq ﬁmﬂqﬁ_iu 28 Juliluen
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JMUBBNUUY UN NDBIN13Ae 3190 WduAudiaud
U5lATINSAD SN VR NRLABTNNLIAT 9 DU
WUVIUTDLUDNALTUDDN (MBUS) BUNDUWNA - §ILND
Fus [24] wazased 5 “wiuAumileazes
Uszmadiulay Kawasaki, uazeme [25] 9swudn
ﬂ'ﬂmmﬂmmﬂﬁauwad Mean Absolute Percent
Error Winfiu3ouas 1245 uas 1398 musdiudeg
Twinaineansulilunmedaingsu

A59N 3 A wiEineliAInTInesiumilingamwuasAumisadiu

Sand Humus
Location content (%) w, (%) LL (%) PL (%) co(r:/tjnt pH Remark
Bangkok - 120 80 -915 | 25 - 296 - - [24]
Chiba 44 61.0 55.8 240 0.34 6.6 [25]
Tokyo 1 996 905 352 0.39 1 [25]
Osaka 5 1130 95.0 299 0.37 75 [25]
Hiroshima 3 136.3 1210 36.1 0.54 73 [25]
Kangawa 16 109.7 91.0 315 0.71 6.7 [25]
Aichi 5 99.3 83.4 234 0.60 7.4 [25]
A19197 4 mMyvihnemasdazesdumtsingomne aBnud
D (o w, w /C q, q, —/ G~ ! x100
(days) % % c kPa[24] kPa G %
7 2412 122,62 5.08 631 648 264
14 2412 122,62 5.08 758 806 6.32
28 2412 122,62 5.08 1,053 964 8.44
7 2550 124.00 4.86 703 689 1.97
14 2550 124.00 4.86 874 858 1.88
28 2550 124.00 4.86 1,121 1,026 8.48
7 2757 126.06 457 793 751 5.29
14 2757 126.06 457 920 935 159
28 2757 126.06 457 1175 1118 484
7 2203 108.33 492 565 678 20.07
14 22.03 108.33 492 722 844 16.92
28 22.03 108.33 492 999 Ref. 1.09
7 23.29 109.59 471 634 721 13.80
14 23.29 109.59 471 773 898 16.14
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A5 4 (sin) MIvhweimdsdazesiumtleingonnn NBNud

113 9ITBuRsIUY 895, DA 32 atiufl 1 unTAN-Tiunan 2552

D c w, W /C a, q, "y’ 100
(days) % % e kPa[24] kPa G %
28 23.29 109.59 4.71 1119 1074 4.01
7 25.18 111.48 443 668 786 17.62
14 25.18 111.48 443 918 978 6.50
28 25.18 111.48 443 1,236 1,170 537
7 18.80 89.60 477 552 709 28.39
14 18.80 89.60 477 658 882 34.03
28 18.80 89.60 477 807 1,055 30.75
7 19.87 90.67 456 638 753 18.09
14 19.87 90.67 456 775 937 20.97
28 19.87 90.67 456 940 1,122 19.32
7 2148 92.28 430 705 820 16.29
14 21.48 92.28 430 900 1,020 13.35
28 21.48 92.28 430 1,090 1,220 11.97
Mean Absolute Percent Error, MAPE 1245 %
#1519 5 miﬁﬁmﬂﬁﬁ\aé’mmaoﬁumﬁmnjﬁuw AU
D c w, W C a, a (=’ 100
(days) % % e kPa[25] kPa G %
Aichi clay LL = 90.5%, PL = 352%
7 20.0 99.3 5.0 925 831 10.16
28 20.0 99.3 5.0 1889 1237 34.50
60 20.0 99.3 5.0 2506 1460 41.72
7 30.0 99.3 33 1079 1466 35.87
28 30.0 99.3 33 2159 Ref. 1.09
60 30.0 99.3 33 2872 2577 10.29
Tokyo LL = 90.5%, PL = 352%
7 10.0 61.0 6.1 1473 1078 26.82
28 10.0 61.0 6.1 2063 1605 2222
60 10.0 61.0 6.1 2400 1894 21.07
7 20.0 61.0 31 2042 2845 39.30
28 20.0 61.0 3.1 4189 Ref. 1.09
60 20.0 61.0 3.1 5157 4999 3.06
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A1397 5 (sip) Msvihnemdsdazesiumilsadtun aFnud

D c w, W C a, q, L=’ 100
(days) % % c kPa[25] kPa G %
Chiba clay LL = 55.8%, PL = 24%
7 20.0 56.7 238 810 1001 23.67
28 20.0 56.7 238 1465 1491 1.80
60 20.0 56.7 28 1754 1760 0.37
7 10.0 56.7 57 347 380 9.39
28 10.0 56.7 5.7 559 Ref. 1.09
60 10.0 56.7 57 771 667 13.48
Osaka clay LL = 95%, PL = 29.9%
7 20 1135 5.68 901 760 15.58
28 20 1135 5.68 1707 1132 33.66
60 20 1135 5.68 2052 1337 34.86
7 30 1135 3.78 1036 1342 29.52
28 30 1135 3.78 1976 Ref. 1.09
60 30 1135 3.78 2513 2358 6.16
Hiroshima clay LL = 121%, PL = 36.1%
7 20 136.3 6.82 1745 1521 12.82
28 20 136.3 6.82 2436 2265 7.03
60 20 136.3 6.82 2877 2673 7.08
7 30 136.3 454 2589 2684 3.65
28 30 136.3 454 3952 Ref. 1.09
60 30 136.3 454 4508 4716 4.62
Kanagawa clay LL = 91%, PL = 31.5%
7 20 109.7 5.49 2384 1943 18.51
28 20 109.7 5.49 3120 2892 7.30
60 20 109.7 5.49 3560 3414 410
7 30 109.7 3.66 3623 3427 5.41
28 30 109.7 3.66 5047 Ref. 1.09
60 30 109.7 3.66 5340 6023 12.79
Mean Absolute Percent Error, MAPE 13.98 %
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Favp9AuBdufiy undurasUsiiuanNtulufy
faUINUEINUA, Chw, NTzpzinUuvileg wuind

v o & & v o a

ANy wWusIIuL UaTIRe an1sh (4)

C

g, =A|— |t E 4

We
e g, AMAYAALNULAEINT B UNAMTN (kPa) 4
uaz 4 AeAasidviusgiuptnuesiu uas C/w, Ap
cement/clay-water ratio 9ApUSHUBNUAIABYN
winwisaUsunuanntulufu

Tunsdlvavdumilen afwufuazidr@maseu
Anw3dulddsrgndnsouaudadrefiunazndnnis
2915 iddudsusr “ndnmaesy quesloaiu
[19] w1g7ulun19dwmsnzy Tasouddoldiivun
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USnadwudifisuvinfe C, ladSanudwudiiiey

wihilfdss wnsfi (5)
C.=kF (5)

e ¢ Asusmiadudifisuein k Aefuys
Usz nEnmuas F Asvdinaniidamna (%) dou
YN un wsenivdiuduaziindiuia (Binder
content) F9ifnanHasINTELSIUBUAAL Tuns
Wou, C uartSinafimudiisuwiiiiaainnist i
Frradnluunuil, C, Aw “wuSaa9n1 TR
masdavosAududly ansit (4) Fegnuszend
"wSuidesazasRudiendn sidmaalEse unsi
(6)

C+kF
g, =A|———|+E (6.1)
WC
C F
g, =A|—|+4,|—|+E (6.2)
w

c c

e 4 uar 4, AedAeiildannnisvin multi linear
4,

regression Wa@LUIUsE " nEnw & JAviniu 5

Tunsedifidnsuystss “n3aw k fewind 1 nune
femn 1w1savesy quenloaiuidasn uns
uwnuiitfidnfisuiiany ansavesyuud 100
wasidus gﬂﬁ 12 1 auNaTavAdulTUTE “nnw
gasAumledluiuaziumisasaungamm  wudad
SELUNNINNT 28 ToaiEsnatifians unsunu
fsenar 20 azlidduysUse “nBaw kol auay
WuIdRT unsunuiinieq Fduds £ asden
WnduTuaa wiuside “uaseiusrozaaly

inaRenMAafiuiBwAsfuioluAumilssaungomw
wazAUATBR IUTLAT WU UUIANNAIATUTBINNS
Wannfudsuse “nBnm & funaniuasiiuuiaia
anafuiiln&idneiuseiionaiissniainnisiiie

aaa @

UfAsemaniduafunalunsdlassduailodlusid
§n91 umsunuiiferar 20 HuulAnuaIatuwan
ANRINWANA By udug a1afuinTzANAAIA
LARDUTBINTNA auﬁmqﬁu 7 Yu usnelisnsing
Waluneeiudsuse “niaw & #Afulaq isude
AdndsUTE N £ Adunileq adsRA1Aei
wiudhaiiadeaiuzesiunsiiadosnandjizen
winiipau dotuiinig Normalized k-factor ffu
nalasldscpsiatnd 28 Swdusdede lae
NANTUDATINMIWAUIDBIFILLTUSE " NS £ 289
hdsnailudulivansdeuindasm Guailodlud
uazAumteIgoun NN ANEIRL) ﬁoTu;sUﬁ 13 Uay
16An “uWuses w3t (7) #een Relative Corre-

lation t¥iNAY 0.9453

E =0.42841n D = 0.455 (7)
kZS
e k, Aafuususs “nBamilszeziantamaeain D
T, &, Aadudsyse “Enuitsreiantavdesin 28
U uar D Apssasiaun (1)
wminm:qnﬁﬂ'ﬁ N3l (7) uiiaysvifiuan
ﬂ'ﬁ:“mﬁmwmmLﬁﬂ%’amaﬁﬁnaﬂm (7 - 60 ) LAy
§n91 unsunuiivieg (10 - 40%) lduas w19
unefmdsdaresdudiudingdnialdlasdssend
270 wnf (3) MEFeAnn “uRusTiiIL ey Nng
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foludl
1.40

(0.2132 + 0.2394 In D)
(8)

D 1 _ (we/ C)yg
D 1c*28 (we/ C*)D

We g . AefiavpesAudinudindiniaivinune
(we/c*),D

1Ndn91 udSanaannsulufudaUsinm un o
(w/C") "MIu D U Ul D pyeier) s ABMAVTDIAU

FNUALEIFINIANENTY uUSNuANTUTUAUsD

3 : —
O Kgo1o) = -0.862 + 05884 In D
M= 09814
@ Keoz) = 0439 + 0611 In D
M = 0.9856
™A\ Kpoay = -0.505 + 0560 In D
It = 0.9947
I A Keoa = -0.746 + 0528 In D -
M= 09725 )

k-factor

JrazANLN (Tu)

n) Auwmiledgaunjanm
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M = 0.9901
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- M = 0.9847 |
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- L If = 0.9799 |
o
S 3 | © ke =-0.348 + 04860 In D .
=
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10’ 102
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AdsdrvasAudiudiindinaadeendy unsfi (8) uaz
nanMIMIAAILUSUSE "B (k) 2p91d1Fmail
Immwu%é’aﬁﬂﬂ”ﬁﬁagamnmim AUNINNAIBADD
Auwmilensaunamnwe w’fj‘muﬁLLa:Lﬁﬂ%amaﬁmqﬂu
28 Tu Lﬂuﬁagaﬁugmﬁm aeluasNii 6 Nndoya
Muguseiinuanaty Usinuudiaug Usinu
hEana uaziassaiintufiudazsnsn unisunu
fiopadidimna  wnsnilymeduysyss “nsaw
Kk 209uARzERTT unTunufideedurnN “Nwusly

n13f (6.2) Teendnn1s3asnsiidel “uluunnney
naufuls (Multi - linear regression analysis) L6
Adolumswi 6 “mILAUTUA (F = 0) 2=didd

wdsdse “ndnw £ wihiu 1 wszifluane wnsadiai
100 wWasiBudzavyudinud ndusduaa Nius
Tu wnsf (7) azlddndugsdse “ndaw & 1iulag

¥
Ao A o

POIUAREBATY umTUNUinideg 9 udteilivua
MAIDATDIAUTINUA (C:F = 100:0) ﬁaﬂqﬂu 28 YU
wasil w/C* wihiy 3.69 \Juidsdndeds (¢ prerer28)
wisl#lunsfuiummasaildainnisviunelae
21fBAIN “NRUSTU Nn1sT (8) wAT (9) K AIWA
Pa9mdviildannane  suSsuisuiunaiiléan
msvihuneslugUil 14 wuidaueaaedauiitia
Fuagluinauiifisansulddisdn Relative Correlation

WinAy 0.9061

AN 6 MdvdazesAumilsgaungomwn aBuduazitihdmiaiionguy 28 Ju

(LL = 92.15% and PL = 42.5%)

CF Time, We G F k-factor w_/C T
days % % % ¢ kPa
100:0 28 92.15 25.00 0 1.00 3.69 867"
28 110.94 25.00 0 1.00 4.44 734
90:10 28 92.15 22.50 250 1.13 3.64 934
28 110.94 22.50 2.50 1.13 4.38 684
80:20 28 92.15 20.00 5.00 1.55 3.32 1010
28 110.94 20.00 5.00 1.55 4.00 786
70:30 28 92.15 17.50 7.50 1.06 3.62 926
28 110.94 17.50 7.50 1.06 4.36 704
60:40 28 92.15 15.00 10.00 0.67 425 769
28 110.94 15.00 10.00 0.67 5.11 587

AR

1. CF = USunadwuddsiaddmna lumhawesidusd
2. " = dmdsdafianguin 28 Tudaduddwbe (

3. AWLLIUIE " NBAW k 131N multi-linear regression analysis

-

Qwerc)28 )
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