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MONGKOL DUCHANEE: COMPRESSIVE STRENGTH OF REPAIRED
ROAD BY RECYCLING TECHNIQUE OF PAVEMENT. THESIS
ADVISOR : ASST. PROF. AVIRUT CHINKULKIINIWAT, Ph.D.

The study is aimed to investigate compressive strength of cement stabilized
recycled pavement aggregate compacted at wet side of the optimum water content
using pavement recycling technique. Results from field and laboratory specimens
were analyzed in statistically manner. It is found that the major factor controlling
difference between laboratory and field strengths is curing process.

Subsequently, a factor of 2.0 is recommended for adjusting laboratory design
strength from the desired field strength. To enhance accuracy of mix design strength,
a modified phenomenological model is introduced. This model is helpful because it

saves cost and time. The model is proved being powerful in accuracy of predicting

compressive strength with r?of 0.90.
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Portland Cement Association (1959) s uunanudesmsdsmadmudvesaunguaiss am

5211 ASSHTO T ua13199 2.1 uaza1san 2.2

~ QY (@ ° 9
Mm319 2.1 WSnaduudnleliulzs ammsdwunuuy ASSHTO (19yad1n Portland

Cement Association, 1959)

ASSHTO | Usual range in cement | Estimated cement content | Cement content for wet-
Soil Requirement And that used in the dry and freeze-thaw test
group (% by vol.) (% by wt.) moisture-density test (% by wt.)
(% by wt.)
A-l-a 5-7 3-5 5 3-5-7
A-l-b 7-9 5-8 6 4-6-8
A-2 7-10 5-9 7 5-7-9
A-3 8-12 7-11 9 7-9-11
A-4 8-12 7-12 10 8-10-12
A-5 8-12 8-13 10 8-10-12
A-6 10-14 9-15 12 10-12-14
A-7 10-14 10-16 13 10-13-15
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o o o % 1
M358 2.2 dsuadwua lasdszanalumasnan SmiuIagae

(Sffmgamﬂ Portland cement Association, 1959)

Type of miscellaneous material Estimated cement contented and Cement contented for
That used in moisture — density test wet-dry and
% by vol. % by wt. Freeze-thaw Test
(% by wt.)
Shell Soil 8 7 5-7-9
Limestone screening 7 5 3-5-7
Red-dog 9 8 6-8-10
Shale or disintegrated Shale 11 10 8-10-12
Callche 8 7 5-7-9
Cinders 8 8 6-8-10
Chert 9 8 6-8-10
Chat 8 7 5-7-9
Marl 11 11 9-11-13
Scoria(Retaining No.4 material) 12 11 9-11-13
Scoria (Passing No.4 material 8 7 5-7-9
only)
Air-Cooled slag 9 7 5-7-9
Water-cooled slag 10 12 10-12-14

Moh et al. (1967) 518910731 augnialulszmeneg filia1 P1 Uszuna 1189 19 1o

o v w 1

) v A JY 2 Y a = d Y o

WMNANNUFINUATOBAL 4 DI 7 32 THAIMaIaLINNI1 852 0 lathania Fuiluvenviua
.. A o Y = o 9

Y04 British Road Research Laboratory Nlszaumsat lumsnaasslgsluvewsnuazduiu

Y 3 o W v v 9y 19 [ [~ =) o Y
GI,WL‘ﬁuﬁ\iﬂ'J'lllﬁ’]ﬂiy"U@Qﬂ1§ﬂﬂﬂﬂ'ﬂﬂ’]ﬂ’]i@ﬂa$mﬂﬁﬂ1iﬂﬂ@ﬂﬁﬂﬁﬁlﬁﬂﬁlaﬂu@ﬂﬂ$ﬂWa‘ﬂ’]slﬂ

v o

° v ] ' o
NTANDAAANDY NN ULIAUTA

[

Bell (1976) WDI1M5AUIWII8Y Montmorillonite ti0111§A5e1A11 w17 9ziihld
o Y .. 2 o Y A=K ' [I=1 v
Aqueous phase a8 11 1¥a15 Cementitious Fevhmingamzegluijuvliiivaneaonis
2 o 1% A A = = ' A A . 9 E A A
a9y Msud lvdio MamulSmaduudasliiomy Free lime 1HunauTagin@nismiy

=) 4 U o Ya o . . = = ° Y Y
SFIUUANINNIANTBYAS 15 illeT‘lWﬂuiI"IW?ﬂ Montmorillonite uﬂmmWﬂmmmumﬂmm“lﬂ



18

& )y
2.63  Hnannuruvazuaon

Y
Felt (1955) uag Davidson et al. (1962) ﬁﬂmamwammmm%u%ﬁmﬁm uae
Y 9 4 1 2
ANNFUAUINIMINNG QY T910N15W1 Wet-Dry 1182 Freeze — Thaw lanansanud Usuia
¥ [] a A 3 [] [ 0o w o a J o [
ﬂ'ﬂllélﬂﬂ! HazANUHUMUULINT NI Ud 19N INADAAI0AVIAUFINUA 1T UAUNT1Y
o v Y &1 d‘; 1 &l 1 a = @
A2511MIUAAA YT INAUANUTUNMNNUTNUANUFT UK AN FIUANKUIIAITUADA

[

a Aa X ' X 3 9 = Y o
ﬂumﬂ?mmmm%uqqmwﬂ?mmmm%ummzﬁmaﬂuaa I INNIANDATIFA

[

a 1 o [ v o 1 =Y g
Ruenkrairergsa (1982) 1493U181mM A NnuduwussenIetsnannusuny
] a ~ [ as < 4 9 Aa A 4 2’.;
ANMUNU U UYDIAUNUADAAINITNITUOINTONADT (Proctor) 11 IUTUAUTINUAUY
v e X D) ' Y o o q Y P
WuNUTuaaNNFHIzaN wenanazInaNurIILLugIgandd Sam Ingua
a aan o A I Y o v a 4 1 1o & J o
nadasen lamssunauyssionaie dmsuaudwud anunuiugega lisuiudnezh
A o [ {
IfauFmuatianuuisiwazanuaanunnigaaue 1 91nnsnaassmnnuaInuale
ay a a = = 4 U = d‘ o
T Freeze —Thaw Y0AUALNOULALAMM UG INAUTINUANYI ANUAINUISUAIGIgADII
v Aa A dy 1 A dal I Y o v A A
MsuasaNNITMIAANNFUGINNUTINUANVFUMINE TEnTos NS uadaNYSuw
k4 v k4
ANUFUAINNUT AR NNF Iz AN 32y 1FAIANNAINUanal SMTUAUNTIONa Y
= 4 < A ~ A o A dy o 1 dy
Fuua ANUUTWITRIMINIgaauadanlTuanuFUMn IS a NIz A
S I g 1 a s A v A a dy ° 1 a dy
3-6 1o 51FUA druAUIMtsNNoUAoAN YT IUANMUTUAINNUT I UANUT NI TN
I 9 Y [
anilos 92 1MANNNALTIgIgR
. Y J g v a A I YA 1 Y
Lightsey et al. (1970) 1831891471019A5INI5UABAAUFILUA IHUANHU MU LT
. . SY 1) Yo q Ya I I A
9989 (Maximum Dry — Density, MDD) 1 1 lavi Id@uduudiinnundssannigadue 1
1H9991AM151HIIANBUMTUASA NAMANBIAUAIE1 4 ¥ia 1AUA Silty Loam, Sandy
Loam, Silt 1a2 Silty Clay Loam UASARIEITUASALULNIATFIU (Standard Proctor Test)
dy ° [ 1 dy 9 A 3 2 v
PmuanuiudmniuazgannfSunannudumunzauiosas Wonamaiong iiluna o,

d 1 o o A ) a Agyw A Y ¥ o
2,418 6 611’311]\1 ADUNINITUADA Wm”anaJmsummmu1/1@1mnnmaiw%mmumum

Y
L "o

HAZANUAINUVDIAUBINUAGIZATUIUBGAUFUAVDIAY 1AZIIAITZTHINMIHANAIVGHY

-1

'
A A

MIUABA d1suAUEareny USuanhimulumsuasaaziumsHnanaus s NuNaaum
9 ' 9 a o ' 2 X ° 9 A < A A
1HANUUUUUITIGIgURIAUAI0E1 BN LAY T THNNA WIS AL ANUAINY DN
' Y
MIHUIIAINOUNMTUADA dIuduiiaazdea msmudSuiaiilunsuasasziild
aaa o Aa c'da! I o Y va a A d'dds! ~ Y 1
Ugnselamsdunaauysaivu unai IdauauifvesdudwudavuTashdoq lilinig

NUNIANBUMTLUADA



19

a d
2.6.4 MISUNAUBINUA
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DATA ON SOILS AND ON CEMENT-TREATED SOIL MIXTURES

Soil Texture Clay Content Cement Content
(%=0,02 mm.) (% by volume)
Sand 2 8
Sandy Loam 8 10
Loam 19 10
Silty Loam i7 ii.5
Clay 46 12
Cla;.'t'y Gravel 2 8
6 | SAND
:.;},;
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S
3
=]
Z
z °r
e
=
=
]
100 3000 300 400 500 600 700
MAXIMUM COMPRESSIVE STRENGTH (PSI)
' ] '
qﬁjﬂ‘ﬁ 2.7 E]‘Vl‘ﬁwaell’ﬁ]{lﬂ'liwu'JQL'Jﬁ’Iﬂ’]iWﬁjJﬁgwj'NWﬁiJ%u Lmzmﬁmmﬂﬁﬁ@’aﬁm\i A
a A 4
VDIAUBINUA (Mashall, 1954)
0
25
S
=
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2 50
2 Medium Clay
%
—
75
Sandy Gravel
100 | I |
0 1 2 3 4 5
Time Elapsed Since Mixing (hr)
~ =\ o w w a A ¢ A 9 [ dﬁf
gﬂ‘ﬂ 2.8 MIgaaun aQaﬂeumﬂumuumu’mmﬂmiGl%nmclumﬂmaﬂumeuu

(Ingles and Metcalf,1972)
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MINN 2.3 HPUINNMTDONTAQHAVINY (Additive) NUTTQUARZYHA (Wilmot, 1995)

Crushed Well Silty - Sand* Sandy Heavy
rock graded clay silty clay
gravel gravel clay

Cement A A A B B N

Blend A A A A N

Cementations B B A N B A

Hydrate Lime N N B N B A

Hydrate Lime + B A A B A B

Cement A A B B B N
Polymeric
Bitumen

Usually very suitable A Usually satisfactory

Usually not suitable N

*Depend Upon Grading (Single size sand require higher additive content)
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2.8 M Iaqnanlylna (Recycling)
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= STATIC COMPACTION
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] UM 2.10 ANUAUHUTIZN I Direct tensile strength N1 Unconfined compressive strength

VOIAUTIIUE (Wang and Huston, 1972)
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v A 0’ U
M1519% 2.4 ToufSeuReuTuATHIMAASUBY Cold recycling Process fl) Conventional

Method (Wirtgen, 1992)

Conventional method Cold recycling Method
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Horpibulsuk oA (2003) ll%ﬂ?ﬂ?iﬂﬂﬁf]ﬂ Llﬁ3'31,?]i'l$1’iﬂ1§LW3Jgﬁu6UfNﬂ1@Q®ﬂ

a o [ a
VOIAUTNUA IAoaziDen 1age1AoduNAT U Clay — Water/Cement Ratio Hypothesis (Miura et

1 o w a 1 a { Y o’y (]
al., 2001 ttag Horpibulsuk and Miura, 2001) WU mawmﬂmmamuﬂﬁNﬁuﬂu%mm%uag

AuasiiesdRen Ae Clay — Water/ Cement Ratio

A
4, = B(W/C)

(2.5)



28

zﬂl A o w Y Y =) d' ] 1 d[
e (, o DIANATUHLINDAUNUIAYIN TS IS VUATH U
A ! d'd'd? | Y a a
A o ATPNNNUVUIYNVBUAVDIAU
A ! d'd'd? "o a a
B o ATPNNNUVUBYNVBUAVDIAU
= . A a ] o 1 '
w/C f® Clay- water/Cement ratio taelieuIYUoNIIdIUTEHIN

2
a 1 4
suannusuluduastsuamsuue

e o 1w A o w a ]
‘L!'E]ﬂi]"lﬂﬁ Horpibulsuk et at. (2003) 831N E)mﬁmimiﬁummawamu«?mumﬂu

I < a ] @ { {
Wanduvesaenmanuvetoguy awaasluaumsi 2.6 uaz 31 2.11

9o _0.038+0.281InD 2.6)
Oz
d' A o @ w = a A a’d‘ ] 1Y
e g, Ao MAIOALNUIABIVOIAUTINUATID LY D Tu
A 0o @ o = a A d’d’ 1 [
G 7D MAIDALNUIALIVOIAUFINUATIO LN 28 TU
D An  ©1gUw, Tu

WBIIWANMITN 2.5 AL 2.6 LAZUNUAT B 1910 1.24 92 IQaunITN 2.7 ¥9e11150
o o w a A o’d' dy =1 4 ] Y= 1
MineMavesdusuaNIaauY Snasmua tazergunlan Tagerdunoanna

MINAToVAEINGIYLY 28 T

Jowrono =1.241/=(%/%0} (0 038 +0.281In D) 2.7)
q(Wc/C)zs

A A o v o = a A A Y A

1UD q(w I1C) o o N1IAIDALUNUIAYIVDIA UK LU UANADINTITINTI1UN We/C

YAIINTLOLUN D U

v W e’d‘s}

Quscy, A MAIBANAUABIVOIAUTINUANADININTIV 1 28 Tu



29

Jn'-xl T T T T TrTT | T T T L r| T T
- g Bangkek clay (w, = 50%) Marme clays (ThailandH
1500 = (® Bangna-Bangpakong clay 7

(km._ 39 at § m depth)

g~ 2o% |

1000 = - (ST
3 3 BC= 12.5%
250 kg'm
00 - !-thl Li ar' - 10%s
- 150 kg ai o
- 125 kg m o T5% o
0 v I T R : oo ot ' T
- A W, - B2%, 0= 20%
2500 = Inland clays o
- : 7 o= 20
2000 - (India)

1500 = & Brown clay
1000 '_ W Black cotton (
" 4 Black cotton (

118% , O = 20 %

Unconfined compressive strength (kPa)

00 _- > Illite P18%, O 1 %a
0 T
> A W = 106%
2000 C= 0%
i we = 130%
& ¢t oA
3000 = s
W, = 15
- O C= 15%
00—
2000 w, = 180
- W Cc'= 0%
1000 o —
w, = 1607
- & C= 15% R
L] L L I ¥ 1T ¥ ¥y L L] L] L B | II L] L)
[ . m B ]
- [Llap/q.e=0038+ 0281 In D B A
= J
= [r=0.956 ]
5— -
10 = -
05 = -

10 1060
Curing time (days)

{ 2 o v w o a 4 .
JUN 2.1 MINWUBIMAITUITIOAUNUIALIVOIAUFIIUA (Horpibulsuk et al., 2003)

2.10 aumMsingmasveIm s iaansnldlvi (Recycling)

v W

o a 4 A 2 o
Horpibulsuk ttagaae (2006) lléf‘ﬂ?ﬂﬁ‘ﬂﬂﬁﬂ‘ﬂ LLﬁz’JLﬂinﬁﬂﬁLWN%uﬂlﬂﬁfﬂﬁ\i’ﬂﬂ

]
=

a o o w 1 1 Y] a 1 o w a 1 a
YosauFmua lagmaiiganiunlylng Taserdeaunagiui Maswesduuaazsiiainay

v A (g "o o = v A A .
ﬂ‘]JGBLZJu@]ﬂJu@Qﬂ‘]J@]TJLL‘]JSLWENGYJLﬂEJ’J f® Clay — Water/ Cement Ratio ATUTNUN1T

A

" (wic)® 9

A

d’ = o o Y 1Y = d‘ ] 1 é
e (, 19 NTIANATUHUIIDAUNULAYINT SIS VUANTU LN



30

A ! d'd'd? "o a a
A o ATPNNNUVUIYNVTUAVDIAU
A ! A2 "o
B o ATPNNNUUDEY V¥HAveIAY
. a ] o 1 '
w, /c Ao Clay- water/Cement ratio wazlNeu Y uonTIaINTEHIN

2
a 1 4
suannusuluduastsuamsuue

o o v w a d a a [ .. . { 1
Tag ldvhmsnadeuiidisavesaudmuastiaaugnss (Lateritic soil) N5zoziiaiiy

28 JU 1ag 90 U nagHUAQN (Crushed Rock) N328219@11N 7 71 283U tiag 120 T4 111

= o o d 1 1 o 1 1 = dy a 1 =y o
REUANNFTUNUTTZHINMOAIEIUTEHINYT AN sU luauae S udwua (Wc /C)

Y o o w a A J v A
meaQ’E)ﬂﬂlﬁ)mwﬁmumﬂmﬁﬂﬂugﬂﬂ 2.12

Unconfined compressive strength, g, (kPa)

14000

10000

6000 |-

4000 -

2000

v T T T T T v T T T ¥ . 12000 ; . . . . . .
Lateritic soil § Crushed rock
12000 || LL =22.5%, PL = NP . = Non plasticity
& 10000 g
1 %
=
g s0of u (120 days) = TTOB.TH(wiC) .
= \6S
Fu @ dayn = H114/(w/C) . § Il = 0.990
=0.983 G 6000 o (28 days) = 5898.2/(w/C)" % 4
T ays) = 93BI(wCP® 5 It =0.986
g 2000 - G 17 daysy = 4230.6/(wCY"
< = 0.973
L7
: g
| "> S 2000 |-
Gu(Tdays) = 67123/ w/C) 8
= o
0 K —.6‘97;: . I . I . 1 . 1 N =] 0 . 1 1 1 1 I
0 2 4 6 3 10 12 0 2 4 6 8 10 12

Soil-water/cement ratio, w/'C Soil-water/cement ratio, w/C

d' [ [ 4 1 [y} 1 1 = ¥ a ]
JU% 2.12 anwduiusTEnINMea@IuszHINTTIaaNL T uAuae S

Fruud (w, /) AuMaI0aveIAuBIUA (Horpibulsuk et al., 2006)



20000 — —rrr et
IO w=8.0%C=1% A w=0AY, = 1% Wow=112%C=1% 7

15000 | .
| @ w=8eC=3% [ w=96%0C=3% W w=112%C=3%

0000 - A w0 C=7% W w=9%6%C=7%

so00 || _ Lateritic soil 5
[ E=296.3 Ki/m

T T T T T T
L @ w=68%C=1% 9 w=816%C=3% A »=952%C=1%

[ A w=6B%C=5% @ w=B16%C=3% O w=9.52%C=3%
10000 |- @ w=68% C=7%

15000

so00 || _Lateritic soil | b i
| | E=592.5 kl/'m a
i
0 — ; — ]
W w=62%C=1% <> w=T78%C=1% & w=868%0C=I%
20000 j- ]
F P ow=62% C=5% -0 w=744%C=5% + w=868%C=™% -
15000 .
L P w=62%C=TH% & w=T44%C=T% .
10000 - !___——9—_—;% N
| Lateritic soil et 1
5000 | E=1346.6 kI/m* A - ]
0 —— T ——

Unconfined compressive strength, g, (kPa)

20000 L @ WESAMCO=1%  O- weeAs%C=T% A w-756% C-3% ]

F A wmSA% =T g =756 Cm1y B w=TS560%,C=Th

15000 ]
F O w=648%0C=1%
10000 |- —
Lateritic soil
5000 -\ £ = 2693.3 kifm ]
a T T

| | qpfqze = 0.308 + 0.208 In D

&
[ | in=0.954
“@ 1.0

E 1 PR B S A | | L T | E

i 2 4 1o 20 40 o0 00

Curing time (days)
51U 2.13 anwduiutssniemasdaunuRedneIgLuUea Lateritic soil

(Horpibulsuk et al., 2006)



32

10000 [ T——

L |
7500 ® w=83%C=1% [ w=100%C=1% 7 w=116%C=1%
A w=83%C=5% @ w=100%C=3% W w=116%C=7% |

S000 - A w=83%C=7% -

2500 | Crushed rock _
E=2963 kl/im’®

0 T L L T

'| T T
10000 L O weTa%C=1% X w=89%C=3% A w=104%C=5%
@ v=TA%C=T% @ w=104%C=3% we=10.4%, C=T7%

7500 -
+ =8 C= 1%
5000 = il -
Crushed roc:k3
2300 F| E=592.5 KJ/m .
0 T UL T T T T Trr]

15000 | 9 w=55%C=3% A w=66%C=1% P w=7T%C=5% -

G w5 C=5% M w=66%C=3%  w=TT%C=7%
10000 | .
P w=53%C=T% F w=17%C=I1% N

5000 - Crushed rock \
E=1346.6 kl/m
0 T AL A | T L
1S000 = O w=48%C=1% & w=58%C=5% A w=67%0C=5% -
fr w=d48%,C=7% @ w=67%C=1% O »w=67%C=7%

10000 - —
D w=58% C=3%

5000 -1 Crushed rock =

E=26933 kim’ | B2 g 0

Unconfined compressive strength, g,, (kPa)

0 1 I LI T o ETrErT
% 1.6 || Qoigzs = 0.244 +0.227 InD 4
Iy
= 1.2 || Irj=0.983 a
o
0.8 |- -
0.4 : —
1 2 4 200

Curing time (Days)
{ o v J o v w o ]
gﬂﬁ 2.14 ﬂ’ﬂNﬁllWu‘ﬁi31’?'ﬂ\iﬂ'l’d\i’f]ﬂlmuLaﬂﬁﬂﬂﬁ]TQUiﬂlﬁN Crushed rock

(Horpibulsuk et al., 2006)

'
[ a

o a A J < ) [ a ' @
G]f\?@@]i’lﬂ1iLWlIGUfNﬂ'lﬁQﬂl@ﬁﬂu“ﬁluu@]lﬂuﬁﬁﬂﬂfuﬂflﬂﬁ@ﬂﬂ’laﬁlﬂl@ﬂ@ﬁg‘ﬂﬂ AL A

D-

Tuerunsi 2.9 uaz 319 2.13 wazgin 2.14

% _0207+0219InD (2.9)
Oy

A 1 A Y o 1 o o w = A oA
wounun1 B = 0.65 1uﬁnﬂﬁ°ﬂ 2.7 AIUIAINIANOANINTUNITN 2.8 NUNITUNIN D

v [

[ Y o w A oA Y
AU N1I3AWUNTAIDANUNITUNN 28 ’Jui]%hlﬂﬁ’uﬂﬁ



33

0.65
owrcre | |:(W/C)28j| (0.207+0.219In D) (2.10)
ey, | L(W/Co

A A o v w = a A o’d’ﬂl A
WO Oy, ey, MO MAIDAUNUAGIVOIAUTINUATADINTNTIVH We/C
NAIINTLEZUN D MU

[

A o @ = a a o'd's} A [y
CI(W/C)28 A9 NIANDAUNURAYIVDIAUFIUUANABDINTIINTIUN VU288 IU

[ 1 o o a L 1 :: ]
Horpibulsuk  LagANE (2006) GINUDNIAIAIVOIAUFINUA IUFUIN 22 UAIRINN

[

o @ a wua I @ o 1 o

N wmﬂﬂluﬁ’mﬂgmms LﬂuWﬁMTmﬂﬁ'ﬁJm%{]ﬂ%%ﬂﬁaﬂ ulﬁjll,ﬂ NITNTU NITUADA LIATNIT
] 1 o w a A A (Y = o o w a

uuﬁgﬂmmawamummuwwammzmaﬂuaum (q fr) Wieuineunun1aevesau

=y 4 (Y] Y a oA A A dy = = 4 ] Y
Fuuavasa lunealiians (dy) MfSuanudsy Jsnaduud e1giy uazmela

WEINUMITUADATINIAUTAITEH 0.50 D9 1.00 (111



34

=
unna3

Bt uUMIMIATINu

3.1 viavesteyanazuviasdoya

4 v
HoyanInINeilsIuvnnHanado lunugeuusyauunyalas s nyuiou

fﬁ@%uwN@mﬂ%ﬂﬁﬁﬁ’aﬂmmﬁﬂm nndnindnszy Ienaziem nTuNIrasULn
Tagsausamdoyananaaouiidaiunsaea (Compressive strength) azfeyailineddoq
Suaumaay 63 yadeua mnaaufineadie 37 sanda wdszinalne nazdeyai1§ud
2006 Y04 Horpibulsuk uazams 3919aulunsnaaeved 2 Uszian fie Lateritic soil uag
Crushed Rock U31nananuau w,, wagvihehwinuds 5, vesiedeiinauluauung
vaoaludewlfiiams  goaduguldiisisenig 2% voslSinamFuminzay
(OMC +2%) nsuasalusmvzaiuaulimsasdumizeiminuds (o, /y,,) i
Woun11 95%

U

32 aawlsildandden

a d a

NgatanyhgIv

o @ Y ] a A s A 9 A = 1T @

H, : MA8AU998I08 NAUFNUANIHI BUAIITTNANAUTAUNIAY (0, = 0y, = Gyyr)
o v w Y ] a A s A 9 A a0 [

H, : MA10AU0IA 08 1N AUFIMUATIATINAIBTT DAL Ty

dulsilFlumsnageuauuagiu

v o @ 3 1

(1) Masiunsdavesaregeiissonluiofiiams (q,)
(2) Massunsdavesaredinan luauunazuadaludesljiams (q,,)
(3) MasTunsIvavesdIngtwIenluau (q,, )

HUD 1A ANBTNINEMEIS VIR AeM TN IZHAINDADOE
st lFlunsaduudiiany

aualsay

(1) Massunsdavesaregeiissonluiosfiams (q,)



35

auilsodse
Y
[ 1 1 [ J
(1) BAINFIUTLHINANVFUADYS W IUTIUUA (W/C)

) a1 (b

k4
u

a ' IS A < a a
(3) ﬂmﬁumﬁugmmmﬂu Y NTNTTVIIALAAU AN UNaIaAnUesAY

3.3 aoanivluauiay

a 7Y Ay ¥ < 9 Y9 an o A
mi'Jmswwemanam"lﬂmﬂmimmamamayja uaﬂwagaﬁam ANU

Y

331 Yoyaadniosdu
J A . . v o a Jdo
AURNDY (Arithmetic Mean, X ) (DAY MUFIUNYI, 2553)
%o 2X
n
1 { [ a v
mmﬁmmummgm (Standard Deviation, SD) (Aag1 NUBYIUNH1, 2553)

X —X)?
SD = Z(n_l )_ (3.2)

332 adanlinaaevaNfgIu

(3.1

=

1 (% 1 1 a A ] 9
ﬂ1§"1/]ﬂﬁﬁ]‘]JﬂQiJG]'JE)EHQ’JW?JfﬂiLH]ﬂLHNﬂigalﬂﬂillllllﬂﬂ@ﬂiﬁ)llll Iﬂﬂsl"lf

[ a d v
Kolmogorov-Smirnov Test (NQ&1 NUFYIUYYI, 2553)

D = max|F(x) - S(x)| (3.3)
nINUMIuanulsznnsuuulnfaz l¥atanmInaaoUuUUHAAINTEHINAIRAY
o 1 o ] I a [ @
Y9952 VIVY lasdredruilupaszaenu (Independent samples test to compare

9 w

means) 5ZAUNBAIAY (@) 0.05 HIDILAUANMTONU 95%

— a_do
sd/+«/n

(3.4

t

mniimsuanuasdsennsuun lidnfse 19a0an15nadoy Mann-Whitney test 1ag
@ ] I a T o @ v o w [ 4 @
aed1uiluddszaony szauiisd 1A () 0.05 HI0IZAVANNFOIU 95%
U-EU
7 V)

W (3.5)



36

Aundgves U=E(U)= iy (3.6)
2
amanulsdsiuves v=VU)= W, (nllz n, +1) (3.7)
walfiasilom Z>Z waz Z2<Z
12 1-2

v o a d
34 msmm%’ayauammswwwa

%4 o

a J ° o v w a d
34.1 ﬂ]ﬁ?!ﬂi‘lgﬁ%@yﬁﬁ‘lﬂiﬂ‘n1u1ﬂﬂ1ﬁ\19ﬂmﬁﬁﬂu‘%!uuﬂ

I3 ) [ [ o w a 4 a J
HUVDIAOIE NS UINUIINMAIVOIAUTINUA ‘ﬂ%hlﬁ}QTﬂﬂ”li’JLﬂi"I%ﬁﬁiJﬂTiﬂ??Nﬂﬂﬂﬂﬂ
o v w a J % @ 1 1 901 J o
(Regression) TAMAIOAVDIAUFINUAVUYTAUAIN OATITIUTEHINUIADTIUUA 52821701
' I a a
Tumsuw tazanuiunaradnvesau

d a
3.4.2 mﬁnmwwﬁ’fauawaﬂ%mm

Y a I 9 A a a9 a A Yy 1w
6]]@33!'(3l%ﬁﬂ%u’lmfﬂglﬂum@yjalW@ﬂ15@ﬁUTﬂLﬁﬁMﬂl@NvaLTQﬂmﬂ'lW Glu‘]/]uhlﬂllﬂ G]')LHJ?
] [ I o a A o o < 1 A T ~
AN Ulll')’lfl]glﬂug’l’Jllﬂiﬂﬁﬁgﬂﬁﬂﬁjllﬂiﬁ'lﬂ u’]l;ﬁu@l,ﬂu AURAY LALATHINIV YUY
HIAT3TU

d
3.4.3 myianzdinamsilsaumeay

1 ' o w a J a A
ANNUANANTENINMEIVOIRAUTNUA Tudutaziosl §ianms Taemsnadou
ANULANANTENINAUNAGUDINGUAIDENINATT 2 NN WINTNsUINUIILUDYnAre 19
~ @ 1 @ [ I a 1 @ ~ [ a 9
mafSeuiieuunuiug Tasaredruiludaszaenu mindnmsuanuasuy lidnaaz ldns
~ . o 1 I a T W v @ o w A
fFe1NeVUY Mann-Whitney test 1agdrp1 0l udaszaeny szaisd 1y («) 0.05 130

A o [

@ 4 o 4 1 o A 1 o w a L 1 )
‘imnmmﬁ}enu 95% LﬁflﬂTﬂﬂi}ﬂEJGl@W]lIW’CW]'é)fﬂﬁ\161]@Qﬂu%mu@]iuﬁu'm?)EJ'I\?NHEJE‘T'I?]QJ

13



a
UNn 4

Namsﬁnymaﬁmﬁwﬁwa

4.1 UNN

dy o = tﬂ' o tﬂ' = o o a
univzduauenamsaneIniuaueluunin 3 TasmsifSeuneuniaionvosau

@ o @ J

S o (% g’/ A o A o Y a 1 1 = o o w
FUUAVADA TUNT 3 g1JLL‘Umwemﬂ%%t’mwﬂwmﬂmmmwmmuamﬂmﬁamﬁwmmmm

@ Y

(% a o o w o o v o a 4 @ {
DAVDIAUTINUA Ltax%$ﬁ§1qwqyﬁﬂ1aqaﬂ WIDUAUMITIIUIGNAIDAVDIAUTIUUALADAN
9 9

v Y [
Hanuududiningsiy wieunuinausvunsumsdsuljeanuidizadiomaiinnig

q

= [ g‘/ a 9 1 1 = a A
ﬁuul’)ﬂu’Jﬁ'ﬂ‘I)"Ll‘VI']\‘]LﬂiJiJﬂ“D'(lﬁM@fJNMﬂigﬁWﬁﬂWW

o Aa T o v v a a d
4.2 ﬂ]iﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂuwﬁﬂﬂﬂ1aﬁﬁu!lﬁﬁsllﬁﬂﬂu"lﬂuuﬂ

o a 1 S a A ] 9
andiuninadoudndszansiinisusnuatnuuinanse lulagls Kolmogorov-
Yy
Smirmov Test IMUIUAIDENNITY 156 420819 55AUNBTIAY (o) 0.05 YOIMAITVUITIBAVO
modriwayluauumazuadaluioalfiams (g, ) tazhassussdavesatedgagmson

Tuauw (q,,)

M350 4.1 ADANTIIABUMIUINUI AT Kolmogorov-Smirnov tests V8 g, 10 g,

Qutn Qurr
Statistic Statistic
Mean 2872.43 2243.22
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Levene’s test for t-test for equality of means

equality of variances

Std. error
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=
Sig. (2 tailed)
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difference
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AN 4.3 ddANINATOUMILANLIALUY 13NANLY Mann-Whitney test Y84 g, 1102 g,

Mann-Whitney test Group N Mean Rank  Sum of Ranks
Measurements Laboratory strength 4 44.50 178.00
Field hand-compacted strength 78 41.35 3225.00
Total 82
Test statistics Values
Mann-Whitney U 144.000
Wilcoxon W 3225.000
Z -.258
Asymp. Sig. (2-tailed) 796
Exact Sig. [2*(1-tailed Sig.)] 811
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A151971 4.4 ABANMINATOVIUVY Kolmogorov-Smirnov goodness-of-fit ¥pa
Qu
Statistics Values
N 78
Mean .7640
Std. Deviation .1599
Kolmogorov-Smirnov Z .805
Asymp. Sig. (2-tailed) .536
5" Percentile 0.5194

95" percentile 1.0547
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Curing Water Cement w/C Laboratory Predicted

time content content strength strength

[days] [%] [%] [-] [kPa] [-]
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7 11.5 7 1.6 2415 Ref.
14 11.5 3 3.8 1682 1628.4
14 11.5 5 2.3 2281 2246.4
14 11.5 7 1.6 2807 2834.8
28 11.5 3 3.8 1786 1751.0
28 11.5 5 23 2551 2411.3
28 11.5 7 1.6 3039 Ref.
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