=5 1y <t
und 10 daugiiadjinnalgfinamans

Test 1 Water Content Determination

. VANA19D19A (Reference)
Afpd dnwnuzazdhe. gladfiFnsisinamaniaiiaduinmeen1inuede . 2544.

Wi 16-20.

. InqusEa9A (Objectives)
J 1] X & L) P J
WauIALFuNUANNTY (water content, w) TuiaatinaAunldvaaan

3. uANN9 {Principals)
WSNNITNAGELNT water content 1iggnavusiog 2 daunan Asguli 10.1.1 Ae

‘0‘ Ot r 4 H & L] - o o 1 = H
3.1 mswswiinin (W,) PegludattRunadey Taanisiidastefuneaey (Bl

AN TIFaIN1INIAY water content) lalaulumey Rsvgningiiash ~ 105 °C uw ~ 24

datu

3.2 NMIEMIUIMLNALUR (W) fiaglusietrshiunnasy lagneuauu

RN R BE

i, y
Anfinann luda 3.1 iy .
“iet soil Eavmg Weight Dry soil having Weight
- WWS - ww’mer+ WSD]id = WDS= wSolid
auluiaeuRammgi
(n) Faatin Wet soil NawuaLuLls L05 L deesn T (1) Frad 1Ay MdIRLLT
15-24 AN,
Alr
Water Air
Solid Solid
(m) Phase Diagram 184 (4} Phase Diagram 184
Anat 1Ry UAIBLLI

At NAUNANALILIY

‘J L L 1} -
7R 10.1.1 wdnnmmagaLMT water content TusetRAy
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4, ‘qﬂn‘in‘i (Apparatus)
4.1 nextlagldsnatinamu (can)
4.2 1wy (oven) Aanurromuananunfiliged 105 °C lhetsasinana

4.3 A4 (balance) NanusndainwinldswBen 0.01 nfu

5. AFn19nmeans (Method)
Fmmeseulnuac@en acmnsourlAanniendstneds vieil 3anslnaanl Wudeil

wireuAnet il (Den) sz ldnagau (soil test specimen)

l
Y

'
v

iwidn can fiaz141d test specimen Tiiilu We

|
¥

11 test specimen 14 can' uAninlidainmin uazuiinAnily Wews

!
¥

107 can i test specimen lioyfigraugi 105-110 °C wm 15 - 24 1.

| l

1 11 can WA test specimen Fiauwiauan asnarnenaunidaiwin Wity Weps

j

i AUITINIAN water content
{ w = Wyw/ Ws* 100%
= (Wcws— Weps) / Ws * 100%

217 10.1.2 LAPITUREUNNTNARALK water content

LU

v 3
- ] Ard 5 g

1. faeinefuilFauunAriuiu e siiunwinadnaties 30 nfudulilduiumndenauls

4 0.1 nFu way 5 nfuaull drufumndefianuidte 0.01 nfu
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6. Tayainluiamnaas (Measured Data)
Foyaiiazieein dmiuudazfatnmaneulszneudas
6.1 thutin Can (W) |
6.2 ﬁﬂuﬁn Can usz (Mutlen) test specimen (Wens)

6.3 twin Can uaz test specimen Aignauudiaudn (W)

Water Content Determination %///////////////////////////////////%

3. w = (W, / W) * 100
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7. AMRENSHANISVIAEal (Sample of Test Results)

Water Content Determination %////////////////////////////////////////%

Test No. 1 2 3 4 5
Weight of can we |@m| 1733 17.41 | 17.45 { 17.36 | 17.30
Weight of can + wet soil Weys | (gm)] 48.61 [ 55.53 | 51.71 | 50.51 | 57.36
Weight of can + dry soil Weps |(@m)| 41.19 | 46.05 | 42.78 | 4154 | 47.30
Weight of water' w,, |@m)| 7.42 | 9.48 | 893 | 897 | 10.06
Weight of dry soil ~ W, | (om)| 23.86 | 28.64 | 25.33 | 24.18 | 30.00
Water content w | @){ 3110 | 33.10 | 35.25 | 37.10 | 33.53
Note: 1. Wy = Wops - Weos 2. Wpe= Weps - W

3. w = (W, / Wyg) * 100

8. AIBENNISATUI (Sample of Calculation)

Sampte of Calculation For Test No. 1

Weight of can = W, = 17.33 gm

Weight of can + wet soil = W, = 48.61 gm

Weight of can + dry soil = W, = 41.19 am

Weight of water = W, = 48.61 -41.19 gm = 742 gm
Weight of dry sail = W, = 41.19- 17.33 gm = 23.86 gm

(7.42 gm/23.86 gm)* 100 %
= 31.10%

3
It

Water content, w =
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9. nmaiir g9 (Practical Uses)

Water content Lﬂuuﬁﬂuamauﬁ'ﬁmqmﬂmw (physical properties) 384R1 474150
14 el

9.1 \flusin1ied (index) B strergth L& deformation vasau Tnmawizvunnléiing

189U water content 1iw¥aniiu Liquid Limit, Plastic Limit uay Shrinkage Limit (Aagu#

'

10.1.3}

!T Sedid ! Semisolid | Plastic ' Liquid
f ! ! !
I Shrinkage Plastic limiv Liquid Moisture
! limit. S PL limit, LL content
ncreasing
) / i
Stressestrain . - o
dingrams at 3 ] g
vArious states & @n &
—

Strain Swain Strain

2111 10.1.3 Atterberg Limit (Das, 2001)

9.2 11 lunnsAanuanuiiieaiu Weiaht-Volume Relationship TuAaudnwusaesaunig
Y = (W) = (We + WIN =W, [1+ (W,, /W1 /V=W(1+w)/V
9.3 Tiupn Optimum Water Content lunnsnaassnisumasa (Compaction) inedtnis

AArzrannn WTalAn Drv Density hiunusia uaz Water Content (%) Wiutnuueay
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10.Ian9NAEaUATHINUFIUURINTNARDY

10.1 #azlugusreviAansaeaLidn Rmnl Civil Engineering Consultants Snfim i
Enmilannseanuuiniea¥eatafiuiiuiarong 1,200,000 984 auA. glavie waeld
FRFUIMITENUFITBIRNFBIN TLTNNANN ANswIuinyieadits MAsssesaguas

i e vl 3 [ iror A e o - X
poLdainonuuARUszguszndedn 190 fFuman waziiEviadansidinen

Tuguranar niueautatnonuetdiy (WianuenauRug, sketch MW, WiD
uwansrrnsAtwa s Windngnlsznay waindednazgoslivinuanunsaeiuna e /
j ) H o ety OF Y L)

g laldfa) sarfud Juzaind dmonsses aua. glave wazdsan ronszes

Qo !r:" o e :i’
fFuman IeRaAn Nl

or o o 1 .. -J i q}
10.1.1 wdsninfaatinanaaal (test spicimen) A 1941 water content 1Uaui
y ekt SN .
AN 105-110 °c wiulssunns 24 9u.uda azlifiruiuvaswdesg luiladusoasing

naasupananansell lavield sz ls

k1 1
=

gy 11 iwrzdevas e numningsauainsann liuviad lufuszveeen luwue

1l g =4 ¥
aaifiAgnunavaa s

10.1,2 UAIRIMMINABENIMAARY (test spicimen) 4w water content Llavif
EUUNN 105-110 °c wruLssHIng 15-24 B3.L40 Bunmuaondny haderusetmagay
luatinels mazugle

AdU Lﬁmmﬁmu%u'luﬁthwmfauLﬂuﬂuﬁ mm:amuaﬁﬁmﬁa 105-110 ° #

1 B
a1 24 Falud vt BunuenauFuludnaginsn aaatissiuaann b lauus

=] ]

10.1.3 Tusumdiiniinaa muanuniwlugssugng (in-situ condition)Auiiag]
willarsAun1ifiv (groundwater table) Aa Aufiagluganiunm dry soit uasil water
content (1 0% Idudaly

pay Bild wmstadiRuazagimilaszaunn 15 win bl liwunaaonudnaziiy

<4 & ey -3 e 1=l =i P
wizluainaiteluaninuensanynT iniadueglne Wi Niauasi water content

A=

= 0 wansnlukenlfrRn i
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10.2 yoymuashnsaliiadet19uuuaigniw (undisturbed sample) 40 8. A3aL 4,
RRIARL Uay 9.483 A.und lUn ImasaLImT water content (w) WU ALAMUMESRRATFRET
fi water content = 12% uazBuannumasun il water content = 13.5% anDadfailudio
noaadldFiAnnmdn “AUANNUNELgATAAG ATAziiA UKD BAINUMAILNT 19
vita T '

Tugnwrasdeim! dansivfisteumsliAuuein Tunismessusangnn 1allse
ngeunlideRnuiustinedu dafmugesaniing daldviela nsnzmgle

siau lild msrehufiguaniBnaeadifiasdeddissnaumsfianton wu Aaos

iz (Y ), SRsdoudaadng (e ), mNEWTW (0 ), AasvUILiL (P ) WAT AN S9N

"
+ ]

sine wanSidusihudsdnAniteddn Auasiidneuzeiils AuReiamanudeyaiugiu

4 ar

A AMnaaNIneu AsRzsunnaasmeiladnsuanuadiaudausannaniu




Test 2 Atterberg Limits Determination

1. 1an&1981983 (Reference)
Afng dneuzaztie. gialfivininlginamsniaiuisGuineensinaudiy . 2544,

Ut 21-35.

o 4 . o
2. ngUszd9A (Objective)

\WeWIA1 Liquid Limit (LL), Plastic Limit (PL)ua Shrinkage Limit (SL) Safluamiamis
naWEnd (Physical Property)1essiu ReilunsAneranuduiugszusnaninaeniulaq

BNtuA LT (Water Content) fumslasuutasaniusaesdiu

o . .
3. nann17 (Principals)
= - =i (Y o J" = 1/
woRnITNEe AU AT NdNR LS 1L TR TIAY 10T (Water Content) TuFiugae
A 3 » . i 1 = 1 o ) =
slunuiprnduszAetanad dana lauliviinaanasedailuljnadeiu Te@uas
wlaguanuATHAINTBIRRY (Liquid State) luwa1afin (Plastic State)uasfstauds

(Semi-Solid State) AuaL segl

UTHIRT

UTHIUAINANTY (W)
SL PL LL

71U 10.2.1 anuduiusranfuamsiuatudulumu
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An31lfl 10.1.1 azuanalugl Phase Diagram 4 Auniasn4esiu Al

— AWpt . LL
AWs . pL Water
A\‘/SL ~PL
Solid Water Water Water
Air "  Solid [* Solid - Solid -  Solid
(A) (B) (0 (D) (E)

9U# 10.2.2 Atterberg Limits

3.4 fete A Aumdanauingiacady (Water Content) A9 AUNANHIUZARY
Pa9wa9(Liquid State)

3.2 ANWwud B A Liquid Limit (LL) Lﬂuﬁﬁwﬂdﬁmm%ﬁ (Water Content) 1R9AUNILY
wWatuanWAINIaIMAT (Liquid State) ifugrsuliafluanuninwaasin (Plastic
State)

3.3 Aum C AA Plastic Limit (PL) Husnumisiinanaidu (Water Content) ve dhuune
WA A NAINNaNAFn {Plastic State) dhiflsraauds (Semi-Solid State)

3.4 fiuwuda D 4m Shrinkage Limit (SL) s uiefiaonay (Water Content) U84AY
Watgnunmanniaeania (Semi-Solid State) ifluseauds (Solid State) uazay
Lifinnsuadavdalutinass e lag Bunssaaaduin Tudaesiiaaniadaununsn
B unuii Buresindunel]

35 fumit £ ifugniazaniavlidudaunssialasudulifanndy (water

Content) inaasat lufuias
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4. ainsal (Apparatus)

4.1, uUnsninegay Liquid Limit (LL) usz wiasdaunn ( Grooving Tool )

v

4.2, 91insninmsas Shrinkage Limit (SL) HAssa il
4.2.1. tiewan (Dish)
4.2.2. UHUNIZANWIBNIUNEN (Prongs)
4.2.3. 178 (Mercury)
4.2 4. NARAWRIA
4.3. ueuudosuin e dvagauniA Plastic Limit (PL)
4.4. gy
4.5. inda (Batance) ATuazBLA 0.01 NS LA 0.1 nEN
4.6. fauus {Oven)
4.7. fasufin via nezlesldiudnating (Can)

4.8 o heRu
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5. A8N1SNARR4 (Method)
5.1 Liquid Limit

Wt uFatAuingfeuastieRvudetinunzuN e 40 thun 200 nfy

Treuiasiataputlszunn 50 niu 19naaauun Shrinkage Limit (SL)

L.
—p-

Y

nanfat A A IneAuTumaITe T Bt AU AN ILE AR 8

Yuay

'

st AuldinaneundandauniqedaRuAatATaaea LN 1y

WussatnUuUIRSNNa NN 1 19uRNes
Y
B = b B : =l nla - 3
IANZOENBUUARIAIEERT) 2 ATYAUNT AUNTTTNRALADUAINSIANTDELIN

WasUAINILZIALMaTluLIeng | EuBiaT uaniufindauouenz

Y

UaursdqataAulududmaasunisianzana s laaminnaaisi
a :.’w ] - = ] [~ o :; kT3 4=l'
Fruauaiavinfuiiededulige 2 a1 EAaae

WnAuArLinseaun w183 u (Water Content)

!

uanfnlushetway udrasiRuuaniasastnaziszuan 10 afudatinpu

Tuwmamiau (Water Content) Tnanaaguaulddiuaunisiansiszunm 4 a

ATLIATUIUTATEN

N7
No L
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WARANT M UARIANNANAUTTZUINR I UATIISINTTLANZTLAI T NEY
(Water Content)

¥

; X Pe & o
wiAANTY (Water Content) NNIINTEWIAUIUATINTTIAT =L

ANNTUTABATLILARIIBINITIANE 25 AT ABATLWLNYIDIAY
Liquid Limit (LL)

5107 10.2.3 wansdumeun1suwA Liguid Limit

WANELIAD)
1. MIAATYAUTN AFATLRIUIUATITBINTIAZLTZHNTL 40 - 50 ATY HBAZAINFD
3 T — = y 4
manageulnadanaminind liuiuagldsuuafesaninaiznanag
2. Tun1adaudaasiuniuisauiiu arshansuninsneluld nns@ausingsudnamuiin
fnsmmzansuzasanIARaui e R wdullildnnsuwfsuudasnta luaaedu

a2

b4 1
saullunmmeaaufuhetseuassiastinag iulathaigusy
3. AnuAfmainisazafgeineadrlszenn 5 - 10 AfuReazaInsanITaann
lpensWazARLAGNEF9BIR TLIUN TN ERABINM TN (drusuaTagaang

A 25 ﬂ:ﬁ"\ﬂ)
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5.2. Plastic Limit

0 ] B A * * * -
wittufataRuRWAssNNITNaaay Liquid Limit (LL) Tne

d o i om AUIATAIUYN A LTS IFHURAN
Hasnaeiiul o

Tuaindn 1 wu (1/839) wans

Y =

L Rr
dauusaiulilug “UInie

= o 1 - B 1 =l ] Ly »
Anvrhat AL T niinmduiguanatlszann | wanfudnnda lyu (1/8%9)

- 2 =4 o o ] | o= o o
Lﬁuﬁmﬂ?uﬂ‘?ﬁﬂﬁ’lﬂLL‘I‘NFI"J‘E]EI'I\WIHN“HH’]@Lﬂﬂﬂ\i'iuﬂ?u'ﬂ#ﬂﬁll,?u wanadaduilaniull S

usn5iatsay

UFuAnuILTeIR Ut

WYFNALINANATHLANIWA No

tezannd 1 vu (1/8 ﬁfa)

vt nAnlleimianume (Water Content) Tag

AMIALAEAaA" Plastic Limit (PL)

MMNTNAGAL ML DMANT 1B NATUNAUIATLRRE

51U 10.2.4 L@mFUAaLN1IuIAY Plastic Limit
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5.3. Shrinkage Limit

tausnagsuiuu I iduiuiedantu lneaumransessnatnamuh

HANUANHAN B AR LUAN

)

s8aewmdndmsim Shrinkage Limit (SL) udamanssiiivatiaariu

e

ey ufingnz i

!

snsetnulddamaninouiady 3 44 BaZANZONEMANTEUININNT

b L P 3
14 shatvaiuna 3 dudawalunirlaenniAeanannsneting@iu

|

lllrd = 2 or 1 = - ot k' o
dlathatiautineassnedrduliTaugueiusauing uesinwe

magreRunevanioesaneenlinun waqunsettunTaudaewan

] -
TFammin

!

ar [ = s 3 L v o & nd. ar e
mnmfamamu'l.umﬂman‘luumuﬁfau']m@'au (Oven) Tnensiamnating

o= ¥ & o s ¥ arll =l o 1 = o v
pumieani lldainmingnafalnagdanadiiuscuasnsuazidludiey

|

wFunnresataRufaunwilaanisununl senlneindaufuukald

ashunianussquranudonalasusunszanasm ilsenduasnun

|

n'f d' 1 - o o 1 o ¥ -y 1/
Falranhauaaniinas i AN LT NN R TIBIN B WA BN AL

ATRTUNIAN Shrinkage (SL)

5N 10.2.5 RAASTUABUNITUIAT Shrinkage Limit

WL
TupswiBussresfeusuurammanisunuilseansadldudiunszannaladsen sz du

tnwinananureudnadaniay wdndeld feuruurealy ludnawdniudseniv
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6. ﬁ'@gaﬁ%’m’l.uﬁ'mwmm {Measured Data)
6.1 iﬂ:ﬂﬂﬁ"l:ﬁﬁﬂd’?ﬂﬁ’mi"ﬂﬂ’}?ﬂﬂﬁﬂd Liguid Limit
6.1.1 AaunsiAzfiaanaandnd (No. of blows)
6.1.2 fuin Can (W)
6.1.3 Ywiin Can uax (Auuflen) test specimen (W)
6.1.4 13’1‘“11'{1 Can uaz test specimen ﬁgnﬂuuﬁa WA (W)
6.2 dayaiadiasinduiumannaes Plastic Limit
6.2.1 ﬁwﬁn Can (W)
6.2.2 1w Can uay (Rultlein) test specimen (Wa,o)
6.2.3 tiwnin Can uax test specimen ﬁqnﬂuuﬁd w2 (W )
8.3 %’@Hﬂﬁqzﬁﬂﬁmﬁw*’fummmm Shrinkage Limit
6.3,1 1iwiin Dish (W)
6.3.2 tiwin Dish uaz Mercury (Wo,,)
6.3.3 tiwnin Dish uaz (Ruutlein) test specimen (W)
6.3.4 1N Dish uae test specimen ﬁgﬂ@uuﬁ\mﬁ'} (Wpps)

6.3.5 TN Dish Ua% Remaining Hg (Wyg,)
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Plastic Limit Determination

Number of Blows. N

////////

\

///////

.

.

\

.

.

_

TestNo 1 2
Container No.

Mass of can, W,  (gm)

Mass of can + wet soil, Wgys (gm)

Mass of can + dry soil, Wc,q (gm)

Mass of water, Wwi (gm)

Mass of dry soil, WDSZ (gm)

PL = %w, = M,/M,c*10(PL (%)

Soil Description Project
JOD NO

Location T T Test No o T
Boring No T Date - -
Sample No T Tested By
Liguid Limit Determination o -
Test No 1 2 3 4 5
Container No.
No. of blows N
Mass of can, W,  (gm)
Mass of can + wet soil, W, (gm)
Mass of can + dry soil, WCDS {gm)
Mass of water Ww {gm)
Mass of dry sail WD82 (am)
Water content, w3 (%)
Note: 1. Wy = Wews = Weps 2 Wing = Wepg~ W 3. Wy = (Wiy/Wpe)*100

g

= y

2 :

T T

g :

[l o

o F

O -

g\

2 i

10 50
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Shrinkage Limit

Soil Description Project

Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Shrinkage Limit Determination
Test No. 1 2 3 4
Find Iniitial Weater Content, w
Dish No
Mess of dish, Wy (gm)
Mass of dish + mercury (Hg), W, (gm) =
Mercury mass in dish = Mo M‘;NM (gm) — o
Vol of dish = M, / 0, v,  (eo)
Mass of dish + wet sal, Wons (@m)
Mass of wet soll = Mows - Mo, Wis  (gm)
Mass of dish + dry sall, Woos (gm)
Meass of water = Mows - Mopse Wiy (gm)

Mass of dry soil = Mg - Mo, Wog  (gm)

Initial water content, w02 (%)

Find Water Content Lost to Shrinkage Limit, w g
Determine the Violume of Dry Soil Cake -y

Mass of dish + mercury (Hg), Wou (gm) }

Mass of dish + remaining Hg, Wpry, (@m)

Hg mass displaced by oy soil, W, (gm)

Vol. of dry soil cake, Voe  (00)

Compute the Volume of Soil Decreased to Shrinkage Limit and fost Yaw: . -
Vol. Soil DecreasedtoSL, V.. (c0) |

%w lost to SL, we (%)

Shrinkage Limit=w, -we ~ SL (%)

Average Shrinkage Limit
Note: 1.V, =W, Pu = Wi/ 13.53 gnvec 5. Vaps = Vi~ Vs
2. W, =W,/ Wy * 100 6. W 5= Vape ™ P/ Wps * 100

3. Whyos = Wi - Wor 7.8L=W,-Wg
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Shrinkage Limit

Soil Description Project

Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By

Shrinkage Limit Defermination

Test No. 1 2 3 4
Find Initial Water Content. w ,,

Dish No 700 800

Mass of dish, Wy {gm) 1043 | 10.50 ~
Mass of dish + mercury (Hg), W, (gm) 25.38 24.76

Mercury mass in dish =M, - M, W, {gm) 14.95 14.26

Vol. of dish=M,, / Py, v, lco) 1.10 1.05

Mass of dish + wet soil, Wows (gm) 37.91 36.80

Mass of wet soil = Mp o - My, Wye  (gm)|  27.48 26.30

Mass of dish + dry selil, Wips  (gm) 31.85 31.56

Mass of water = My - My, Wy, {gm) 6.06 5.24

Mass of dry soil = M, - Mp,, Whs (gm) 21.42 21.06

Initial watcr content, %’ (%) | 2829 24.88

]

Find Water Content Lost 10 Shrinkage Limit, w ;

Determine the Volume of Dry Soil Cake T ip
Mass of dish + mercury (Hg), W, (gm}] 2538

24.43

Mass of dish + remaining Hg, Wy, (gm) 20.12 s J¥ |
Hg mass displaced by dry soil, WMD: (gm) 5.26 3.31 ~
Vol. of dry soil cake, Ve (co)| 039 0.24

Compute the Volume of Soil Decreased to Shrinkage Limit and lost %w

Vol. Soil Decreased to SL. Ve (c}| 072 081 | ]
%w lost to SL, W, o {%) 3.34 3.84

Shrinkage Limit=w_-w,, SL (%) 24.95 21.04

]
//////////////////// Average Shrinkage Limit} 22,99 W/////////////

Note: 1.V,=W, /P, = W,,/13.53 gm 6. W, o = Ve * P/ Wi * 100
2.w, =W,/ W * 100 7.SL=W, - W,
3- Wips = Wonm ™ Wigm
4. Ve =Wone / Py = Wyns/ 13.53 gm/ce
5. Vene =V, - Vi

\
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8. AMaLNINITAIUIN (Sample of Calculation)

8.1 Liquid Limit Determination (use data of Test No. 1)

8.1.1 Compute water content (% w)

% w

W

% w

i}

Weight of water " 100

Weight of dry soil

Wy *100

WDS

(Weight of can + wet soil} - (Weight of can + dry soil)

“%ws’wcm
48.61 -41.19 gm
7.42 gm

{(Welight of can + dry soil) - (Weight of can)
Wmm“wc

41.19-17.33 am

23.86 am

7.42  *100

23.86

31.10

8.1.2 Plot flow curve as shown in Fig. Of Liquid Limit Determination, using %

8.1.3 Graphically, find liguid timit (LL) from %w @ N = 25 blows

LL

% {see Fig.)
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8.2 Plastic Limit Determination (use data of Test No. 1)

8.2.1 Computer water content{%w)

%w = Weight of water *100
Weight of dry soll
= W,  *100
Wps
W, = (Weight of can + wet soil) - (Weight of can + dry
= Waows -Weps
= 29.26-27.90 gm
= 1.36 gm
Wie = {Weight of can + wet soil) - (Weight of can)
= Woys - We
= 27.90-20.63 am
= 7.27 gm
Y%w 3 1.36  *100
7.27
= 48,74

8.2.2 Plastic Limit = Avg %w
= (18.71 + 19.06 )% /2
= 18.89 %

8.2.3 Plastic Index , PI
Pl = (Liguid Limit) - (Plastic Limit)
= 33.4-18.89 %
= 14.51 %
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8.3 Shrinkage Limit Determination (use data of Test No. 1)

8.3.1 Mercury weight in dish, WM

Wy = ( weight coat dish + Hg) - {weight of coat dish}
= Wpy - W,
= 25.38-10.43 gm
= 14,95 gm

8.3.2 Vol. Gf dish, V,

Vg = (mercury weight in dish ) / {density of Mercury }
= w,,
Pu
= 14.94 gm.cc
T 1353 gm
= 1.10 cC

8.3.3 Weight of wet soil , W4

Wys = (weight of coated dish + wet soil j - (weight of coated dish )
= Whws - Wy
= 37.91-10.43 gm
= 27.48 am

8.3.4 Weight of water, W,,

Wy = {Weight of coated dish + wet soil } - (Weight of coated dish + dry soil)
= Whws - Wnns
= 37.91-31.85 gm
= 6.06 am

8.3.5 Weight of dry soil , Wy

Wi = {Weight of coated dish + dry soil) - (Weight of coated dish )
= Wpps-Wp
= 31.85-10.43 qm

Il

21.42 gm
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8.3.6 Initial water content , w,

Y%w,

Weight of water *100
Weight of dry soil

- Wiy *100
WDS
= 6.06 *100 gm
T 2142 gm
= 28.29

8.3.7 Hg Weight displaced by dry soil , Wyns

WMDS

8.3.8 Vol.
VDS

8.3.9 Vol.

SNs

{Weight coated dish + Hg) - (Weight coated dish + remaining Hg

= Won-Wohem
= 25.38-20.12 gm
= 526 am

Of dry soil cake, Vg
Hg Weight displaced by dry solil

density of Weight

= Wos
Pu
= 5.26 gm
1353 gm/cc

= 0.39 cC
Soil decrease to SL, Vqps
= vol. Ofdish-vol Ofdry soil cake
= Vp-Vpg
= 1.10-0.3% c:
= 0.7 ceC

8.3.10 %W lost to SL, W, 4

Wis

= Vans " Pw/ Wpg * 100

= 0.7171*100 cec.gm
21.42 gm.cc
= a3 %
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8.3.11 Shrinkage Limnit, SL

SL = Initial water content - %w lost fo SL
= Wo - W
= 78.29-334

= 24.95

9. nmssintufleeu (Practical Use)

9.1 Willwdeyalunismnamgnsasasiu
AMNANENNUEYS Terzaghi and  Peck  (1948) dufuRuimilen Normaily

Consolidated Clay, NCC azlddailénsa (Compression Index), C, = 0.009(LL - 10) uas
#1451 Overconsolidation gvunsnuUssuuaNdIuRusaAniY (Overconsolidation) 184
Auwiaasnsrdiaiiing, (Liquidity Index), LI = (W, - PL) / Pl
9.2 i1 Plastic Index, Pl AMuARMNTNIBNIARNBATI
nslden P idudaiwunlunisdmdandandnivlfuadniusinaqaesnunating
i d’ a1 = 17 1
N1 174 e wanganamlssunuuanBiae sesRuldaindn Pl
9.3 NranuunTiinsasRufoaANAAAN Atterberg Limit
ARRAWA (Liquid Limit) uasRiawanadn (Plastic Limit) fuamauinfiaes
i 9 - = -] =l [
amnidduunsiinaesulinazion sy

'n’

oy l
P
I

” Inorganic clays
m - CEYEY . s
1 of high plasticity

20
i Inorganic clays of
] micdium plasticity

A0
inorganic

i vlavsof low
F plasticity

Inerganic silts of
high compressibiliny
and organic clays

Piasticiey inley

Inorganic silis of

M- . - — medium compressibility
C n.hn:.smnlc.\':- wnd organic sils
.-ml!/
0 — ' : j
20 40 an 20 1(¢)
Liquid limii

Inareanic siles ol
how compressibility

gl 10.2.6 ununianamiiea(Plasticity chart) (DAS, 2001)
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10. lavdvnnaauanufiugunamasas
10.1 n;m’]ﬂ'f‘ﬁmﬂfaﬂwé’m 7 InnUssasATeINIMAGaL hydrometer analysis
wileudl uaznaunnsnsiudngl szasdaainimnagen Atterberg's limit aginals?
AAY WANFINY INTIZIANUTSAI A9BINTAAEEL hydrometer analysis Ty iHedaannIm
puaresRunaniinaz@an Aflauandnnda 0.075 un. sl failuidaaufitg
nzundaues 200 weiAgUsrasAuaInismaaey  Atterberg’s limit &uLﬁ‘ﬂﬁ’ﬂdﬂ’]ﬁ‘ﬂ’]
@mmuﬁﬁmaﬂanﬁmmﬁuﬁi’idLﬂ?{ﬂu“lﬂmuriﬂuquﬁw?mﬁmmmw%uﬁﬁ'ﬂgj‘luﬁu el

&
st lsfimnu Waaa@diseiin U unasewund suinneesiin

10.2 ngpnadunalaeagUinyszTemiees liquid limit uge plastic limit test Anaxls
pal Liquid limit uas Plastic Limit ifluamgmifimaunasimldanaiinuessiudia
=l o = i 3 =l = = 9
aziven Tt lunisauundsuinnaesiusesiasmandaiianumilen (Plasticity Index :
i
Pl} waziinA9NWMAY (Liquid Limit ; L) 2esausintiuinly RRL Tl (PN TE U LREY
\Wile (Plasticity Chart) 9aznsuiinuadmiu
91037 10.2.6 amsnaBunensldeuees chart ldetendie fall
1) 1duns v A-Line Haunng Pl = 0.73(LL - 20) whaduildlunswiquan Inorganic
. . . » 8 .
clay 88N1{10 Inorganic  silts Tl Inorganic clay "‘%:‘agmumﬁu A-Line uaz
inorganic silts axaef1si&w A-Line
o, <A . [ |
2) WuuwI AT Liquid Limit = 50 % @ nitotauanaiwilu Low Plasticity 458
High Pasticity 1esfudsnaiiluladauiisdrmiunisinuientinuasfivld Ine
- Low Plasticity §A1 Liquid Limit fiaeindan 50 %

- High Pasticity #An Liquid Limit 89nn31 50 %
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10.3 HANINAGAL liquid limit waz plastic limit wudduAcatrmagauilad LL = 100%
.~ . Yo X ot
uaz PL = 80% wanuaninianzdrrasuiuauiuwudiauiiu e Aususssua@ien =
110% winaAMEdmtus et tuanweeaus (iquid) vdeld sz le

ATU RMNITANMIUUIAD

I

Liquidty Index (L.I.) (W, -P.L)/P.L

(W —P.L)/(LL-PL.)
(110 - 80) / {100-80)

= 15
anmaduanaz i@ Liquidty index (L.L) A8 1.5 Saagu1sdn ﬁﬁﬁuﬁﬂglu
AN Undisturbed Auiiazanusoagldiung wstgNILNIUUTagNNTENY
Wi lor Autlasnaneaniiusasnes el Bwmilenlaau Gundy

Quick clay 74 Sensitive




Test 3 Specific Gravity Determination

1. tan@1981989 (Reference)

A5y Anuurazfie. AleuUftiAnislyAnsmidniainaTuineEn1TM19TUaEe . 2544,

YN 36-46.

ar o . 4
2. inniszasn (Objectives)
iemAIAY Wtz Tasdaunifhuaeawd (Solid) luset whnduilugmans

N GV FeAbe TR o [T

3. wanM9 (Principals)
AHTNA Wz sdouiiilurends (Solid) lusatinsdulldiniudasidiuaes
umtinlugniaresiatinduiusieinminaswniizdugnugil 4 °c Tneisdnatndiu
¥ =g
uasAlIN MY
puANUEAINANANGs = ps = Ws/Vs = Ws
pw WW /VW WW
T Wy mlfanusasasinfiduaanumangnwionans (Volumetric Flask) diagn

g ) : - 4 ¥ s
ununmestnanuildadly udluaouiiuasanimagauiieaniuosvaaindautinn ldaiuin

FITILAIUN My tolat

. 500ml . 500 ml!
e —— S
i e ya
i _werenhnilsnas
IMINAIBINNAUR
| _ y
19auioWa 1 HIATBY 19AUTINAITALTI ABINITNATOY
179911 500 ml FBLi 197 NIRTBIUIUAZFNAEN

JUH 10.3.1 uaMMANNIMAARLNT Specific Gravity
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4, qﬂnsn‘i (Apparatus)
4.1 Inufioraaiuiuy IRaINg 500 390
42 vhndu
4.3 wywduvidamwiuiau (Hot Plate)
4.4 p7F1 (Balance) panuames 0.01 N3y
4.5 gau
4.6 \Fresingman ity
4.7 Usewn (Mercury) azi8eatie 0.1%
4.8 paTevg
4.9 vaaavan (Dropper) vitathiln
5. AMINAARY (Method)
5.1 m?ﬁ"mﬂwLﬁﬂumﬁwﬁnmmmmua:ﬁﬂﬁi:ﬁﬁﬂmuqﬁwiwq (Calibraion)

L 7 1 i
wiaugrataaanianasudaBint nduaaldaunsewa

[ t‘:’ - | =i' 3 ] ar c}b g
TTALWNINIANARNIA (BTUANTEZALVINDIND)
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N -—

Yes

1 = =
AR AL NNENDINIALIED

Uuvizali

No

»
o [ o = o
ﬂi”szﬂﬁu1‘ﬂ UITUDRDUIANDA IHAN1UDNYIA

1 »
uazpovIad s lunssaumilarni ¥

v

piula
Wasana
wsagalants
A0Y-CUINIA

szuang 10

A

[

1 1
PamgRndaaniuaie

as 8
CAUYAAIALNINAN S

Anariuvidali

FIZUASIBILAR
nasitunine 1
dounandinny
=t o (7
ALazNI 19
gruuil

ANNAND
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i 4 ]
FagruugfiaaainmelugiretwasiBaniaedah
uaerzALuRIMaTuRinguun Ingnsies

WanuFaufuivdan hdusdludasgnmnginld

e

AU 20 - 40 °c) TpelFussiugnuuniidsznie 4 - 5

UFurzALgUu)iATLYNAA

NA|aL

Y ¥ )
WABANTINLA ANAINANW LS s et N 2919aT

v ]
fnussqeguiniuAgum)inliy

¥ L v b4 ]
77 10.3.2 uasedumaunimegauunIiRaumiimingesnuasinirzauguuninneg
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5.2 N13VARDLUIANNONATUNIZURIF LI NI AL

1 » ]
nausmetNANALTIU ST 50 N Whdutnaulng 19

ARl

mdounanaaninduLaTFtatnmuad L auinatine
o 1 4 ar g o | d‘

sedvetnssAnihgunuinnaaon

| g

f

TanasanalaefunialdiugugnmAsunaInAutn usn

o ¥ o = s !-’/ rz o & = i
FHUINARIUNITEAUABLIA mnuum‘lfﬂmﬂum@;mqum

wnrzsudouaaNgasinnduLasiatn Bt uluoaianangan
salvBmIINdwRNantd@innAew29 uadninlildwmazdn

prunginasdounaunislumauionas

wmaungnruavdatwauaniuawiaatzagnn

v o o Y - ol 4
lLﬂ’Ju’\‘l'L]ﬂ'lJI.WNL'W'B“H']H']“Hunﬁlﬂ@ﬂuﬂ’l’ﬂﬂqquﬂ\i

;;ﬂﬁ 10.3.3 KAAITUABUNN TNASALMIAN ANHUANI NN 10T RN FL
UHIELAR
NsmdausdTa NI sfat A S ima TneEnsiinndudnaeteRud
Fnaglumsuzaentiunamzuaaiufiegludmnsusaniinduuazihet i uazgoy dell

Tussuiansmainmaweuiilg@nasgusuiiann ldszlass A ludunaunismsioating




6. ﬁ'ﬂgﬂﬁi’ﬂ"luﬁ'ﬂqﬂﬂam (Measured Data)
Fonpiiacdiasin dwiLusazFaetinmaseulsznandas
6.1 geunnll Temperature (T)
6.2 ﬁwﬁnmmmﬂuﬁaﬂmﬂn,ﬁ’] WA ANRENIAY (Wews)
6.3 5’1uﬁnmmmmuﬁ0ﬂﬂw AEA (Wrw)
6.4 tiwsin Dish uaz test specimen 'ﬁ'gnfﬂuuﬁq &9 (Wpps)

6.5 tvin Dish (Wp)
6.6 Observed temperature for Volumetric Flask Calibration (T)
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Soil Description Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Test No 01 02 03 04
Flask No fi-007 f1-007 f1-007 f1-007
Temperature, T el —\

Mass of flask+water+soil @ T, Wgws (gm)

Mass of flask + water @ T, Wew  (gm)
Evaporating dish no

Mass of dish + dry soil, Wpps (gm)
Mass of dish, W,  (gm)
Mass of dry soil, Wps  (gm)

Gy

i Average Gy

Compute G @ T = 2(°c
Temp. correc. fac. to Gag0,,” K
* G

i

Compute G @ T = 4°c
Specific gravity of water @ T Gwr - -

pecific gravity of soi o Gs
PR e o]

Note: 1. Obtained via flask calibration curve at temperature = T (Data Sheet No: SG 2/2)
2. Gy =Wps/ (Wpe + Wew - Wiws)
where (Wps + W gy - W mps) = mass of water having same volume as soil used in test
3. K = ryr / ryan, obtained via Tab 1| in ASTM D-854
4.Gp=Gr*K
5. Gyt = rwy because ry ,0¢ = | gm/cc, obtained via Tab 1 in ASTM D-854 or
Tab 6-1 Properties of Distilled Water in Bowles (1992)
6. Gg = Gy * Gy, Gy = ryr / T'wa, Obtained via Tab 1 in ASTM D-854
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Soil Sample Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Flask Calibration No 01 02 03 04 05
Flask No 1-007 f1-007 f1-007 f1-007 f1-007

Observed temperature,

T \Lice)

Weight of flask+water @T Wy (gm)

Mass of Flask+Water@T, W ., (gm)

II'IIIll\Irl‘lllIII]FFJil\!il!l'l'l’[{

IHEEY F & S ars e wen i 5 Y |

| I | | H C—

SN BV [ 1

Temperature, T ( 0c)




7. ABENHAMSVIAGaL (Sample of Test Results)

07

Soil Description Project
' Job No
Location Test No
Boring No Date
Sample No Tested By
Sampie Depth Checked By
Test No 01 02 03 04
Flask No 1-007 f1-007 f1-007 f1-007
Temperature, T (°Cy| 32.00 34.00
Weight of flask+watertsoil @ T, Wpws (gm)| 686.50 684.30
Weight of flask + water @ T,) Wrw (gm)| 656.03 | 655.60
Evaporating dish no o 6
Weight of dish + dry soil, Wyps (gm){ 408.70 397.50
Weight of dish, Wy (gm)| 358.80 355.43
Weight of dry soil, Wps  (gm)| 49.90 42.07
Specific gravity of soil @ T, Gr 2.57 3.15
//////////////////////////////// : Average G;| 2.86
Compute G @ T = 20°%
Temp. correc. fac. to G0, K 0.99687 | 0.99687 S
Specific gravity of soil @ 20%,"  Guo 2.560 3.137
e G 21 (A
Compute G @ T = 4" |
Specific gravity of water @ T, Gur 0.99511 | 0.99511
Specific gravity of soil @ 4%,°  Gs 2.556 3.131
. & Average Gy|  2.843

Note: 1. Obtained via flask calibration curve at temperature = T (Data Sheet No: SG 2/2)

2. Gr=Wpg/ (Wpg + Wry - Wryg)

where (WDS + WFW - WFWS) = Weight of water having same volume as soil used in test

3. X = ry7 / Iy, Obtained via Tab 1 in ASTM D-854

4. GZO:GT*K

5. Gy =y because 1y, 4,0¢ = 1 gm/cc, obtained via Tab 1 in ASTM D-854 or

Tab 6-1 Properties of Distilled Water in Bowles (1992)
6. Gg = Gyt * G, Gy =rwr/ I'ys, Obtained via Tab 1 in ASTM D-854
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Flask Calibration No 01 02 03 04 05
Flask No f1-007 | A-007 | A-007 | f1-007 | A-007
Observed temperatury T (°c)] 45.0 | 400 | 350 | 360 | 250
Weight of flask+water W (gm) 6532 | 653.5 | 655.8 | 6564 | 657.0

5) 658

E 657 E

Bn 656 E

e~ E

§ 655 E

= £

% 654

2 ;

7 £

DLS & S5 = 1
Gy 20 50
S

2]

= o

S Temperature, T ("c)
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8. AABENMSATUIN (Sample of Calculation)

Sample of Calculation
Specific Gravity Test (use data of test No. 1)
8.1 Weight of dry soil , Wiy
Wi = (Weight of dish + dry soil ) - (Weight of dish)
= Whiis - Wn
= 408.7 - 358.8 gm
= 49.90 gm

8.2 Specific gravity of soil @T , Gy

Gr = Weight of dry soil
[(W. of dry soil}H{M. of flask-+water)(W. of {iask+water+soil)]
- Whs
(WT)S X WFW i, WFWS)
= 49.90 gm
(49.90 + 655.94 -686.5 ) gm
= 2.58

8.3 Temp. correc. Fac. To G0, K

K = density of waterat T c
density of water at T 20 % ¢

Tw20
= 0.99511 gm ml
0.99823 ml. gm
= 0.99687

8.4  Specific gravity of soil @ 20° ¢, Gy
Gy = specific gravity of soil @T *(temp. correc. Fac. To Gy, )
= Gr * K
= 2.58 * 0.99687
= 2572



8.5 Specific gravity of water@ T, Gy

4]
Gwr density of wateratT ¢

c
density of wateratT 4c

= Pwr
P, T P, — lgmiee
= 0.99511 gm cc
1 cc gm
F 0.99511

8.6 Specific gravity of soil @ 4 ° C, Gg

Gs = Gwr " Gy

0.9951 * 2.581
= 2.567
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9. m3stlifeau (Practical Uses)
viushinnih lilldRvomnafios 19manugissums (Specific Gravity) rivoiilu

U5z Tsnilumss wunyiiave siunisdannisu uadoyavosminnua1ssunz (Gs) s
mmﬁ'uﬁufﬁnﬁm%’mﬁumswﬂﬂﬂuﬂmﬁnﬂ'ﬁmaﬁﬁuﬁuq yoaau su'laun
9.1 ms1¥lszapumsdnmnamnmsasidmaasing (Void Ratio) 1azan)
ludnalsvownnuduiusvesnsvi Zero-air-void unit weight (Yzay) lumsnagou

Msuadadu (Compaction) Ail

foe? =—Osyw = Yw
1+wGg w1l
Gs
ﬁ'.]ﬂti’]ﬁl‘i}u EUHﬂﬁﬂﬁﬂmﬂUﬁﬁﬂw\W{ﬂ‘lﬂﬁ. G, =2.72.w= 18% TN Zero-air-void unit weight ('YZAV)
38 Yzav . Yw
w + 1
Gs
= 62.4 Ib/ft’
18 + 1
100 2.72
Ib
= 113.9 -

ft
9.2 M5 tumsfinanrnadiaiu (Particle size analysis) lagmisnacaumsanaznon

(Hydrometer Test) 403820613
9.3 msldlszaoumsfmanviainanungy (Porosity) ipsmdas1dIMTBa e (Void

ratio) 8nAIBE A NUFURUTITU € = (Gayw) / 4 ~ |
9.4 SanudRndmiums nageumsuasaau (Compaction) Taumsiidmsaulums

AN UM TAIIINT Density () A19940937001
9. 519 lumsRns anguaudRveImsyuRIve siu (Consolidation)
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10. Tanimaaounnudugmasmmaaes

10.1 yymuaziBes $wesiin apwnmaneuiag f1ta 14 mminaunanen e
specific gravity YDIAUAIOHN $1UIU 630 AR08 Afuniud é’a%gaﬁmwgﬁﬁssmﬁ
(topography) HAZHHUTMITS @3N (geologic map) Ui Senoamisziuurasdisemsie
(sand reservoir) wazr s laay Insamsdis s RanumdansiedisesTuma i o
Fadanamileneudia dninulnneuazusu nsznsninnmaaiiazmalulad
me TS Tmhms nageuiazswausa Wi ademolu 3 dou mudyanildsudis
yanuazRiges idveuvueld Ainse ImnsdiArsenlnsimsnagouye iy 3a
Yszquitaszauaufamiu uasmuuamsd oy e 1 dwanisnaoy specific
gravity test Hgndas Wduasdunoumsmanevitysz@ninm unzdlosiudoranaad
owazmay lumInaaey
Tugnizfingg Smns Tnsemsvoawon snldgnvelunasmanufariu nieunfald

= Y ¥ = o 1 1 o 3 =
lﬂﬂﬂﬂﬁiauﬁﬂ*ﬁ'IUﬂ’]Eﬂ']u'Jﬂlili$ﬂﬂﬂﬂ1§1ﬁﬂlﬂﬂﬂl'ﬂu ADUADTFINTN/ADITAUD NFIVIIY

1As1nms sz il

» »
10.1.1 AT 1duTelui? mswimgla? Aezandunoumsnaeu specific gravity test Ty
v o A ' 2 . | a
USduAoUMS calibrate INBW 1M weight of flask and water TITUM3 151 calibrate Mgyl
+ 3 b4 g ]
A udaslon gu flask Tussph 1y Wi ligaiusess vuléR1 weight of flask and
ad 4 ' o s e 3
water ATUYNGUHIRABIAT tive vz 1d Lideudunmdhdion Tunsdy flask wiemnihdou
ey 1 k- : o ag 9 a
uddneulmiutiangamnll anasnnionas
N o 4 3 N i a
ABY 18 1W31£M7 calibrate 1ireAD ISR woight of flask and water AH9gUNT

#1199 fu Gz laemsdosy ugamgiivienngumgin lamuiy

¥ 1 a a ooy o
101.2 i1 18n5e 12 msrzmgla? Aezdualalsz@ntam I aunsodmsnameu'ld
o & I 1 o :l ) " ; £ o d?’ 1
(399U LU 1 MU UABUYDIA ST 7Y soil-water mixture 191U flask TWs 1524 Tau'l)
kg L] 4 1
douihuviag soil-water mixture ARAMALNI DY YUTVS 5909 flask
e o o oA a a dd (] 1
793 114 mizdeisduioalouiinfifinansnl mass of soil-water mixture il

o 3 3 os ar : oA
AUUY %3%641%ﬂ31ﬂ531]ﬂ533\311ﬁ]1!ﬂ‘N ﬂ’liml‘ﬂuﬂﬂ"lﬁﬂﬁ
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10.1.3 dlumsminzaunioli? mszmala? fezilosiulilitfannuianatnlums
o« o ow » A ¥ g% ) & 2w '
naaan Tasmsszdase i uaz lnanfonoewdald soil-water mixture Nianun NN 1oy
1 1 ¥ ’
Tunszuannlailume (mixing) #ethedunai asldussyegly flask iNodudlodns
e ¥
NATBY (test specimen) A 1Fimua 1214 llaanawgamio udri ldidannuianaralu
) ¥
mIsaiminaudlninaaal
P A i1 vy as v & Ao 1 3 o
Aoy manzauiiuedad msrzd hidwdedsdufinasy lumauzeanlivua vz

v » v
Tusadufiogludiunauusnhnduuazdindaugydellla

10.1.4 dumsmnzauniali? mszmala? fezaanahldlumsnaaoy Taendwnla
[ ¥
laWloae1maeanan soil-water mixture 1 flask wazii1 lFuhninGsussouas s ah
minagay TuFamsawm soil-water mixture 990910 flask a9g pan Moz lalouuri Taok
Tidoufluradamsanvan/gam1ound soil-water mixture fUNBBANINA flask AIG pan
4y o ' A YNy o wya ¥ F

msihmiinvesiisdmaaeuiily lagnda i3 enioonds

aey himinzay mseAredsduiiguide lalezlinaden mass of dry soil s 9zld

r 4:‘ 9 1 =
mitosnnanilues

10.1.5 Wunsiudiunse’liz msrzmgla? fezdunimgndealumsnaaey Taoliims
calibrate H1f1 weight of flask and water Tt 1A Tinthaiou 1 A1 Higun Vo3 water in flask
I as = gl & ¥ o = e L .
IMALguH IRD W9z 19 weight of flask and water Mivnzaniumsiin sl 19m ) specific
gravity 390110 weight of flask and water and soil 7i¥n 14 Nigan giilnAfvaiuguugll e
»
aau Suiu wsizndainnisdulaesormeuod flask of water and soil agAnafiall
. »
THusudigurgives 3992¥1159911A1 weight of flask and water and soil Aaviud il
fi1 weight of flask and water it 9gaing i@ty vz If ldvamsnaneafitinnu

gnAes (finsIniimsnaassfigusunranaz@uaiu
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102 U58% 2851151 Material Testing 1@ TadmlsequuFanl§iiants (workshop) riio 19
AINTNAZTINATR YBIUTHN TawRIT U MRMaRYssanEmwlumsnadey
1 ¥ ¥
Fag iouTinee ldvsusuuzsihuazureuminasonl¥duas Idussannaza 4
3 = A0 Y o Y A @
dovas luvuziinamnageui 1a SinsezapelinugNABImIuINATIgIUMINATDY
in 1Fu5 59 Tnn1lszrandana1n Misza ldve v Tugusdmnsdsoiasoums

a = o o J
NATOY specific gravity test langaniddwimslasagy mulsziau dal

' . > .
102.1 daqszasdvasmsveiaeseaunaui liiluaauiminfevssyasluvian o.m.
P L Y 1 ar 1 o - 1 )
f99z 137 (10 Azuuu) Lazr A TIn 18 TurNdIna NHaWaIRsIiANANT S NUBEN 5 AB
MINATBU? NI 1211A a2
& ¥ @ o YV e 1 o) ¥ " Ao uly
g maumsnsuiminlamlsznavesdot@umniu uazdmnainia’ld

L] [ T = ¥ 31 N :d.. 9/ d? 24 ; 1 n’:
Tugndandnfanaln szdenalia mass of dry soil #ildgavunsefaumniu

10.22 Wulafidne'li? mazimgla? Aezalfudgdse@ninm TWannsainsnaeu
Vo 2 " o o & o w ] N 9/ ~ : a
1815291 Taoisoi Tuduneums¥Iaua18614 (soil sample) THTudsanisnmimiin
o "
Tawalszum I lnaRasfinimin 50 nsundesms Taohideariehezana i ldmifu 50
niunoa
b d’.’ = ] . Ay Y Y

apy 14 M5 1EMInAndil iz sMImKIzaA1 mass of dry soil # landsemiy

as L] é o T 1 L% 53 ' Y

frethelouuis Fsddretannniefesndt 50 nfy Heevin 1871 inass of dry soil

ciuly 2w o 2
T IAVINVUHTOIURUAINTIULIDY

> .
10.2.3 Jaglszasduaanisan lanessimaennainii fiegluviav o, (flask) Aouth
] » . »
flask NUF59110¢ 11 calibrate tWBY 1M1 weight of water and flask AiguunHA1 Aoz 15?
< 1 . Ay Yt a = Y =t
fo1) Wo 1A weight of water and flask M I9NANUGNADINIAAA (W5 121D
Wassimasgluii1 92911 weight of water and flask fi lavtoundinunilueien

1 ¥
smasiviiu e winiinesemetn 1dunsnluii
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10.2.4 MINYIINISNAADL specific gravity Yosdrethanaaey Taslumimsdu’la

Ed 1 )
Wosermaeensinmi fiogluvaan .. (flask) Aou flask 1 calibrate INOYIAY weight of
water and flask Higuungiianen weifianansznyotn lsaemnaaow?
HansznUAINa sxi i naaaw I specific gravity figand it werdesndy A
Aluese mnzmelan

L] ¥ 1 :‘ o 9/ :’ =1 v

a0y w0 bivinsay laessemasenninii sz T luihiideseiniauns nog

1 [ X v a A =
danalit1ém weight of water and flask anaannMwdue3s isannluySuas

:’ e A a4 By N e :’ IR
vouililsinasveseimaunuieg ¥3lilvUsinasvo ninmisianideans uazes
i
]

' E . | W —— ¥ o e o
dana A 1Am specific gravity NRLAN Asduna laninanudiniugaail

ANunNi My = Wminluenrvesieg

> *
o

iminveuinniidzinasiming

» 3 ¥ H
fuiu dnhminvesihhflffueswihiagidaans sz hinenudiedumzd

» »
Tataufrdunnnndues




Test 4 Grain Size Analysis

1. 1@NA1581999 (Referénce)

g snwuzanine. glladAvEninlyAinamdnfaiidiuvinsznimingueie . 2544,

i a5

U 47-65.

2. ngiszasn (Objectives)
d! k2 3 - t at G’d’ =1 - 4
ienrwiseudnfiunn s tnsusnslugdresanduviusidudndousaadinium

=l ]

Hogluanany

3. MANNI5 (Principals)

mnduiuiiiuipdouiursadasumnaselunaiuarmasaun ldanmsnszas
smsadiniuaaniuda Tnedsnimagauasinsnmansunvesiiafiu feil

3.1 FBsautUAEUNSI (Sieve Analysis) TAER WALAW st F o fufeu
wavunlignansniumzunsaues 200 18 wazbignnsauenldindinfuidnensiulivae
videnaw wiuenlfifesinnmdmieugnimeunsamefivinvivindu Sefayei lann
mmmmnaseadiadvildnnsaiunusasuglieadunsiite 4 luneaBenifieuas
Aarnnnasnszangssasiaau lpanisiawaeadafuuazAtradlafidusini g
RZUN3a (Percent Passing) 38 (Percent Finer) W@auuunsw Semi — Log flazlfidulsa
199NINTZARIUIATRTIARY (Gradation Curve) svgil 10.4.2 uazarmnsniinlivnan
Funlszvizasanuasiniae (Coefficient of Uniformity, C,) L]

Cy = Dg/D;g
dmFuAnduisrAniaesnnuiia (Coefficient of Concavity, C.) A= éi

Tl

2
Ce = (D) /Dy« Dey)
cd ' o o  =a A:Jd . o af g} lo‘ ar -:l'd 3
ifla D, = mnredidunuguinanmeadiniunil i iwafifuddeurminnlawindn
N7
TneAuiilaunpaziuf (Well Graded) W azilgmuantiReedrdulssAnvasnanu
Aiiaua (Coefficient of Uniformity) uazAdnussBnarasninulas (Coefficient of

Concavity) ﬁdgﬂﬁl 10.4.2




317

y v C, Ce
Wy NINN9A 4 1-3
]| HINNG1 6 1-3

R$WN 10.4.1 AnaNTRaeAdRlsE Ay SAwiAURRIuIARaz il

=l

A

furuiliiiruinaasiy (Poordy Graded) adlinfludinisian 10.4.1 Bsazifludszinn

o ol o . o o -] | o o
Aufflaurauimpen (Uniform Graded) uasiuniiauauin11ndos (Gab Graded) T9ansue

raadunmmldssinoudunnussiludussnumudn sy fapdi 10.4.2

Ui 10.4.1 wrasilafldmassumanruinssudai

TnadEn1steuditnnzunsa (Sieve Analysis) Tuiaalfjiiinns (DAS, 2001)
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100 N

~ ~
\ ! !
80 \\ _—[Poorly graded
2 60 \\
E Well graded —" \ braded I
2
S 40
20
N
0 ]
2 1 05 02 01 005 00z =01 0005

Particte diameter (mm)

Ui 10.4.2 neimisnssanadaiiusnssiuaasaunaiafiu (DAS, 2001)
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32 8mneenoulaglilalasiiaed (Hydrometer Test) hAsRdALARIRNnua
Fufeuiamasnanentiumzensaues 200 Wasumdnndtnzunsawes 200 TneR3ildaey
WanuAgwdindinfuidnrnsnanan i lumsanaznevunidsradullmuannts
U89 G.G. Stokes (1850) uaziFundn Stokes ’s Law

mﬁii'lu‘lﬁmn‘la‘iﬂiﬁmﬂfﬂnﬂuﬁwmﬁmﬁntﬁmﬁuﬁwquﬁoaﬂﬁuﬂqmﬂun%’u Falu
nsdnusumisraslalasiiee A meiifedinnfuudinnzaiidnlianlalnsive s
Lildanfiuiase iilaesanArsasdalseney (Factor) Fi'la’lﬁt‘r’imi’ﬂaﬁummmﬂu SR
Usuufildendn “Corrected Hydrometer Reading” 1 R, ailwedte il

3.2.1. AlFnufaeannfialaaiain {Meniscus Correction) Af AIATNULANANITEY
Al aiLATTANTasE s AR Fugndlunisd 1042 danswgfidounand
menizgu angsuAfiszsuRanindulilfandafa A nRalfuuresrasmecuny 3
nssmanfuutidesananulfeiatiimlilaeswarludulen

32.2. Afuufifiasanguunii (Temperature Correction, C;) ABA1AILUANFNY
sasAfs i wsud 1.000 454 Lﬁﬁamnanﬁwmmﬂmmﬁ ToriiANAIR1719
10.4.5

3.2.3. AlfuufifiasainansdaLu (Zero Comection, C,) iilasannnimasasiinmiia
gsasaeiniRuLeng (Dispersing Agent) adaamalfuufilasdonnanssnures

ar B

sasnaaibhanldliuignd lnefidunaunisnAnFuuia viade 5.2.1
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ASTM 152H hydrometer
(equrtesy of Soittest, Inc.,
Lake Bluff, Illinois)

7R 10.4.3 uans Hydrometer Nl lummaaas

LI CVS
Ly + 12{Lg = V). jA grag)
10.5cmforR=0

)
e
(T

r K i, = 2.30cmfor R=50
j L, = 14cm (ASTM)
Rew ¥ V, = 67.0cm’
vl Agay = 27.8Cm? for 1000 ml

e w I gradualed cylinder (not
- / T a hydrometer jar)
; ] [5 R, = aclual reading

Meniscus R = R, corrected for meniscus

Ly

119 10.4.4 Anlfuuiessninialfetinun (Meniscus Correction) (Bowles, 1992)
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Unit
weight of | Viscosity
water, | of water,

Temp,°C| glem® poise*
4 1 0 01567
16 0.99897 | 0.01111
17 0.9988 0.01083

18 0.99862 | 0.01056
19 0.899844 | 0.0103

20 0.89823 | 0.01005
21 0.99802 | 0.00981
22 0.9978 | 0.00958
23 0.99757 | 0.00936
24 0.99733 | 0.00914
25 0.99708 | 0.00894
26 0.99682 | 0.00874
27 0.99655 | 0.00855
28 0.99627 | 0.00836
29 0.98598 | 0.00818
30 0.99568 | 0.00801

*Poise= dyne.s = g

2
cm cm.s

R3990 10.4.2 Properties of distilled water (1] = absolute){Bowles, 1992)

&g of s0il | Correction
solids factor a
2.85 0.96
2.8 0.97
2.75 0.98
2.7 0.99
2.65 1
2.6 1.01
2.55 1.02
2.5 1.04

A3 10.4.3 Correction factors a for unit weight of solids(Bowles, 1992}




M54 10.4.4 Temperature correction factors C, (Bowles, 1992)

Temp, °C Ct
15 -1.10
16 -0.90
17 -0.70
18 -0.50
19 -0.30
20 0.00
21 0.20
22 0.40
23 0.70
24 1.00
25 1.30
26 1.65
27 2.00
28 2.50
29 3.05
30 3.80
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£ g of Soil Solids

Temp °C 2.5 2.55 26 2.65 2.7 2.75 2.8 285
16 0.0151 0.0148 | 0.0148 0.0144 0.0141 0.0139 0.0317 0.0136
17 0.0149 0.0146 0.0144 0.0142 0.0140 0.0138 0.0136 0.0134
18 0.0148 0.0144 0.0142 0.0140 0.0138 0.0136 0.0134 0.0132
19 0.0145 0.0143 0.0140 0.0138 0.0138 0.0134 0.0132 0.0131
20 0.0143 0.0141 0.0139 0.0137 0.0134 0.0133 0.0131 0.0129
21 0.0141 0.0139 0.0137 0.0135 0.0133 0.0131 0.0129 0.0127
22 0.0140 0.0137 G.0135 0.0133 0.0131 0.0129 0.0128 0.0126
23 0.0138 0.0136 | 0.0134 0.0132 0.0130 0.0128 0.0126 0.0124
24 0.0137 0.0134 | 0.0132 0.0130 0.0128 0.0126 0.0125 0.0123
25 0.0135 0.0133 0.0131 0.0129 0.0127 0.0125 0.0123 0.0122
26 0.0133 0.0134 0.0129 0.0127 0.0125 0.0124 0.0122 0.0120
27 0.0132 0.0130 | 0.0128 0.0126 0.0124 0.0122 0.0120 0.0119
28 0.0130 0.0128 0.0126 0.0124 0.0123 0.0121 0.0119 0.0117
29 0.0129 0.0127 | 0.0125 0.0123 0.0121 0.0120 0.0118 0.0116
30 0.0128 0.0126 0.0124 0.0122 0.0120 0.0188 0.0117 0.0115

* Units for K : mm{min/cm) *°

A1$799 10.4.5 Values of K for several unit weights of soil solids and

temperature combinations (Bowles, 1992)
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Original Original Criginal
hydrorpeter Effective depth hydrorpeter Effective depth hydrorpeter Effective depth
reading L em reading L em reading L om
{corrected for ’ (corrected for ’ {corrected for ’
meniscus only) meniscus cniy) meniscus only)

0 16.3 21 12.8 42 9.4
1 16.1 22 12.7 43 9.2
2 16.0 23 12.5 44 9.1
3 15.8 24 12.4 45 8.9
4 16.6 25 12.2 46 8.7
5 15.5 26 12.0 47 8.6
6 15.3 27 11.9 48 8.4
7 15.1 28 1.7 49 8.3
8 15.0 29 11.5 50 8.1
9 14.8 30 114 51 7.9
10 14.7 3 11.2 52 7.8
11 14.5 32 11.0 53 7.6
12 14.3 33 10.9 54 7.4
13 14.2 34 10.7 55 7.3
14 14.0 35 10.6 56 7.1
15 13.8 36 104 57 6.9
16 13,7 37 10.2 58 6.8
17 13.5 38 10.1 59 6.6
18 13.3 39 9.9 60 6.5
19 13.2 40 9.7

20 13.0 41 96

A1379% 10.4.6 Values of L (effective depth) for use in Stokes' formular (Bowles, 1992)
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4. aunsal (Apparatus)

4.1 A57autiuazungs (Sieve Analysis)
4.1.1 REUNsaNRUMAed 1 9a (1wef 8, 10, 20, 40, 100 wazles 200 WiBNNIATEY)
4.1.2 ands (Balance) Aannsodainminidazi@nai 0.01 niu
4.1.3 il (@ mFufiAnuazeInnzing)
4.1.4 MBUWIN (Oven)
4.1.5 ABULNEMTLNLIAY
4.1.6 Lﬂ‘%‘a\imﬂﬂ {Sieve Shaker)

4.2 Faanmznaulnalflalnslines (Hydrometer Test)
4.2.1 lalnsfimaf
4.2.2 NTEUANAY 1000 cc
4.2.3 witeaiiufiu (Mixer)
4.2.4 Yndu
425 ﬁ'\ﬂ’] Dispersing Agent
4.2.6 Ads (Balance) fansaderiiminldazBast 0.01 nfu
4.2.7 \WNBLUMS (Oven)
4.2.8 maflufinef Aruaziden 0.1 °C
4.2.9 DIOBLIUHY

4.2.10 WIRNIALII AN
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5. 98MInaaag (Method)

5.1 F892UBURSUNSS (Sieve Analysis)

ldFedaRAuanuis 500 nFuadmzunsawes 200 udad At tRaLs N ARUT

'

Hnualdnndmzensases 200 aan

P T | ¥ o v w W o g w
Lﬂﬂ'}'ﬂﬂq\iﬂuvlWIﬂﬂlumxun?\iﬂ\ln']%ugllﬂquqﬁﬂEl'ﬂ‘u (OVCH) LW‘EI“']‘LMLLHQ

v ] fr
LA mIn

)

famineewzunsyniuteflivasauiieads (Imounzunsmngeyliaos

i 7 luwassfesflawnmuad 200 agdosynasi)

'

winsgetAumsRnmaduiaulug Wuuensdsetsmiudieaaunng

(Fasszdantmuliliuusesauinliidafuuanazifan)

’

o gl e - -
wisnasreiuldatlunzunsafiauaEasanueullazidun ipetindadununasa

019 (Pan) s89fuanuainiLATa e (Sieve Shaker) wiuatsias 10 U

’

uIJ o L 1 = ﬁJ 1 t g ar
Fauwminsetsiunasetlunsunsauiasieinamuiminge sz unsadog

want lilAunumnAn %F uazd@sunsn

717 10.4.5 uansduRaUN TAABLATfAUHURZUN TS

WHNELUG)
eI ndenimindoatih uwiias i lunimaseuasivegivIuiare Ll aRun

unifige deguil



nnadaRUT e fige, 9 3 3 1 1L 2 3
Unwinaessaasinam, niu 500 1000 2000 3000 4000 5000

n} E ar o [] = L4 ' ] 1
ANT9N 10.4.7 dwnineaesnatnanuli lunnrmaaau g sa uEILAZ LN

ALY
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5.2 anmnnenaulatldlalnsiinad (Hydrometer Test)

wnArntaRuReR faushuRzunsawed 200 Uszun 50 niu wanaen Dispersing

Agent 125 cc udaRsninduaulFansazarauszinns 300 -500 cc

Y

tHumudaunguingliafeetiufiu (Mixer) Uszunm 10w udamihpusslunszuen

1 ] 1 w ¥
A wedldfundagwiasiuaniasastuasWivuaanniudiussauunwla 1000 cc

Y

LY L] ] 1 3
tnnauldldlunszuanang wiaslianuiknszusnis ldluniseruardfuuiiiasen

wansznueasgupiluazlfudlalnsfimefussndna i (g 5.2.1.)

f

Halnnssuanpasiussanauseynenauasatine lidounanidiuaanneausaGy

FUAN

veinulalnatimesaslunssuanmaaudaduan R, 1oan 25, .5, 1 uazs 2 i ne

Tudae 2 wiazbifinranlalnsfimaieaan udasaamivldanlalastivesaanaannizuan

veaulalnstimaiadlunszuanmislududonessiudn R, 71 4, 16, 25, aunszniais

Ane=naullszunos 30 im

]
<

w1 = . - R e Pt P v o
Waldmfiduanialntimefaruuar lfinunAuasniatitasLisisRnaL {(Oven) 1

14

Lo
wminvesiaasnsfuuiminivendnas

¥ 10.4.6 wansiunawnaaaunisansznaulnalilalnafinas (Hydrometer Test)
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] ar s o =f .
5.2.1 memmﬂsuuﬁtﬁmmnmmmm‘lumqwﬁ (Zero Correction)

WTRNNTEUANm9INIA 1000 cc uddldasazany Dispersing Agent A uidindu 4%

unme 125 cc (Wiatlszunas 20 n5u)

\
v [
wnnadhlunssuanpaafilansazanananagaudin 1000 cc Ynqnanaudoiaein 1

Aounaudinmy

Y
utlanlalasfimasaslllunssuanaoudaus inauinarnawlsanlainsimes

weatng 0 Tiuausuudau witaleaiserdn 0-60 WadluaAU5uufuan

l

ugannagauuAlfLuiuan arezaiannanlilunszuanaaaFuins 1000 cc

v ] 1
Fazldramalnein ¥ wiuut lalastive Fuansininmasasn 1 sanAznau

-
b=

n‘ II” i ar 17 dl " - 4
1 10.4.7 vandupaunimAiuufiiasaineauuanliiisgwa (Zero Correction)

IR
FANANIA I URDINARDY (Measured Data)

5
doyafiaziasin dusuusazieasmagaulsznaudas
6.1 M3aUHILAZLNTS (Sieve Analysis)

£6.1.1 Mass of sieve, Wy

6.1.2 Mass of sieve + retained soil, Wqg,

6.2 Mnnaznaulaaldlalasiimes (Hydrometer Test)
6.2.1 Temp. of Soil-Wat. Suspen., T

6.2.2 Hydra. Reading, R,



AETautNURAZINGS (Sieve Analysis)

Sieve Analysis Test

329

Soil Description Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sampie Depth Checked By
Mass of Mass of Curmnulative |Cumulative
Sieve Sieve Mass of sieve + retained | Percent percent percent
no opening sieve retained soil sall retained retained finer
Ws Wars WRS1 PR R’ £
(mm) (gm) (gm) (gm) (%) (%) (%)
l
r T
ﬁﬁﬁﬁﬁﬁﬁﬁ Al S ]
F ]
. W/ A

NOTE ;

1. Weg = Weps - Wy
2. %PR = (WRS / Mass of dry soll used in test} * 100
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Fsansznauineldlaiasiinesd (Hydrometer Test)

Soil Description Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sampie Depth Checked By
Dry Soil Mass (gm) Zero Cor,, Gy
Control Sieve No. Meniscus
% Finer than controlied sieve no, %F g, Gy of Solids
Dispersing Agent g Correction Factor, a
Temp. of Temp. |Correct. AdjustediMeniscus|Distance Velocity | Const. |Diameter
Time EIapsedBoil—Wat Hydro. |Correct| Hydro. |Percent] Percent | Correct. |Particlesiof Fall off K = of
of Time |Suspen.|Reading| Factors|Reading| Finer | Finer |Hyd.Re.| Fall | Sphere fn(T, Gg] Sphere
DateReading t T R; c;T2 Rca F4 F ADS R6 |_]r v =L/ | from DB

min) | (%) | (am} | (gm) | (am) | (%) (%) {gm) {cm) |lcm/minjTab 4.4 (mm)

Note 1. Read at top of menicus 5. %Fnp = %F * %F g, / 100
2. From Table 4.2. 6. R =R, + Meniscus
3.Re=R,-C;+C; 7. L =fn (R}, from Table 10.4.6

4. %F = a * R¢ / (Dry Soil Mass) * 100 8.0D=K(L/t)~05
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7. AABENNANISVIAAAY (Sample of Test)

7.1 959aUNUAZLNSY (Sieve Analysis)

Sieve Analysis Test

Soil Description Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Mass of Mass of Cumulative Cumulative
Sieve Sieve Mass of sieve + retained Percent percent percent
no opening sieve  retained soil soil retained retained finer
Ws Wsrs WRS] PR’ R’ F4
(mm) (gm) (gm) {gm) (%) (%) {%)
4 4.76 521.5 521.5 0.0 0.0 0.0 100.0
10 1.65 390.0 390.0 0.0 0.0 0.0 100.0
20 0.84 367.7 456.2 88.5 20.8 20.8 79.2
40 042 3670 4449 779 183 392 60.8
100 0.15 428.0 589.6 161.6 38.1 77.2 22.8
200 0.075 300.4 320.4 29.0 6.8 84.1 15.9
pan - 335.9 403.5 67.6 15.9 100.0 0.0
424.6 100.0 - -

NOTE ; 1. Weg = Weps - Mg
2. %PR = {MRS / Mass of dry soil used in test) * 100
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7.2 Famnmznaulaeldlalasiivaed (Hydrometer Test)
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Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Dry Soil Mass (g 50 Zero Cor., G, 3
Control Sieve No. Meniscus 1
Y% Finer than controlled SIEVE NO, ToF cey 78 Gg of Solids 27
Dispersing Agent (55 Correction taclor, a 0.99
Temp. of Temp. [Correct. AdjustedMeniscugDistance Velocity| Const. |Diameter,
Time Elapsed|Soil-Wat| Hydro, (Correct] Hydro. |Percent| Percent| Correct. |Particles{of Fall of K= of
of Time |Suspen.[ReadingFactors|Reading Finer | Finer |Hyd. Re.| Fall [Sphere [fn(T, Gg) Sphere
DatelReading  t T RA1 c;T2 R03 F4 FADb Rs |_7 v=LUt ] from Da
(min) { (%) | (@m) | (gm) | (@m) | (%) | (%) | (gm) | (cm) {cm/min)Tab4.4| (mm)
0 iding not shown
2 22 47 0.4 444 | 879 | 68.6 48 B.4 4.2 10.0131]0.02685
4 22 42 0.4 394 | 780 | 60.8 43 92 2.3 | 0.0131|0.01987
8 22 37 0.4 34.4 | 68.1 | 53.1 38 10.1 | 1.2625] 0.0131 ] 0.01472
16 22 31 0.4 28.4 | 56.2 | 439 32 11.1 10.6938 | 0.0131]0.01091
30 22 26 0.4 23.4 | 46.3 | 36.1 27 11.9 | 0.3967 | 0.0131]0.00825
60 22 24 0.4 214 | 424 | 33.1 25 12.2 | 0.2033 | 0.0131 § 0.00591
125 22 21 0.4 18.4 | 36.4 | 284 22 12.7 | 0.1016 | 0.0131]0.00418
330 23 18 0.7 15.7 | 31.1 | 24.2 19 13.2 0.04 |0.0129]0.00258
990 23 16 0.7 13.7 | 271 | 21.2 17 13.5 | 0.0136 | 0.0129{0.00151|
1410 24 14 1.0 12.0 | 23.8 | 18.5 15 13.8 | 0.0098 | 0.0127 10.00126
2850 24 10 1.0 8.0 15.8 | 124 11 14.5 | 0.0051 | 0.0127 | 0.00091

Note 1. Read at top of menicus
2. From Table 4.2.
3.R=R,-C,+C
4. %F = a * R,/ (Dry Soil Mass) * 100

5. %F pp = %F * %F g, / 100
6. R = R, + Meniscus

7. L= (R), from Table 10.4.6
8.D=K(L/t)"05
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8. AaatNIN1sATUAN (Sample of Calcuiation)
8.1 Sieve Analysis Test (Use data of Sieve No. 4)

Sample of calculation
Sieve Analysis Test ( Use data of Sieve No. 4)

8.1.1 Mass of retained soil, W

Woe = (mass of Seive + soil) - (mass of Seive)
= Wopg- Wi
= 5215-5215 gm
= 0 am

8.1.2 Percent retained , PR

%PR = mass of retained soil *100

mass of dry sail

= W *100
WDS
= 0 *100 gm
T 4246 Cgm
= 0

8.1.3 Cumulative percent retained , R
%R = summation % PR of coarser seive

= 0

8.1.4 Cumulative percent finer , F
%F = 100 - cumulative percent retained
= 100-%R
= 100 - 0
= 100 %




8.2 Hydrometer Test (Use data of Etapsed Time = 2 min)

8.2.2 Percent Finer, %F

%F

Correction Factor * R, / (Dry Sail Mass) * 100

a* R,/ (Dry Soil Mass) * 100

0.99* 44.4*100

50
87.91

8.2.3 Adjusted Percent Finer, %F »q

%F o

%F * (%Finer than controlled sieve no}/ 100

%F * %F 5 / 100
87.912* 78

100
68.57

am

agm

%
%

8.2.4 Meniscus Corrected Hydrometer Reading, R

R

It

R, + Meniscus
47 + 1
48.00

8.2.5 Diameter of Sphere, D

D

It

I

(Constant of fn(T, Gg)} * (Distance Particles Fall / Elapsed Time)

K(L/t)~ 05
0.0131*(84/2} ~ 0.5
0.0268

am

agm

mm

334
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9. mailiflderu (Practical Uses)

9.1 Grain Size Analysis WhanasgikitlgFunseanudmulilums aniien
o, Rugunty, NuAdy uasdey Lm:ﬂz”uwaﬁ"lﬁmnmmﬂmu Grain Size
Analysis f i munemnaseumaaninluiu (winlaaInfsginnns
nagaLfaeAd Permeability Test Aina) uariaianuiendasiumansessaumsiia
Frost action TuAugnsng

9.2 W Classification TaRulneisiipzurindu 2 9918901 Classification Téun

1. AASHTO Classification System 2. Unified Soil Classification

saiilunnsld Sieve Analysis F LT 2 509994 Classification Az WS4 LUN
afiaresAuTaianmmald 4 nguudn ud

1. Gravel 2. 8and 3. Clay 4. Silt
lnenguassdutianlsiun peat, muck uaz organic soil ‘nﬁﬂﬁlu’]

9.3 37M Grain Size Distibution Curve azvirdayaifannimasaulumatdutlssdnd
189AMATI HAwE (Coefficient of Uniformity, C,) uaz AdulszAnaaasnanald
(Coefficient of Concavity, C.) ol

Cy = Dgy/Dyq
Ce= (D30)2!(Dw - Dgo)

100 7

80@\

Percent finer
&

i
’8

U7 10.4.8 Grain-size distribution curve (Das 1999)



FratemiunAdutlssAni C,, C, : 410 Grain Size Distribution Curve 3031l 10.4.8
FIU
1. Dy, Dy, Uar Dy,
2. Coefficient of Uniformity, C,
3. Coefficient of Concavity, C..

<ace] O -
3801 1. HIITLNRINNTIN,

D, = 015 mm
Dy = 0.17 mm
D, = 027 mm

=N = D, /D, = 141/041 = 344

3. C, = (D) /(D,,.Dy) = (0967)/(141x0.41) = 159
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9.4 annawiniInszanarasrundany sz lunmwiuniiasusoufiaein

dszann (Equivalent Diameter) wimiu Aistiwszmananssaliil

9.4.1 aupdasresmzunsuiugL@maendnia udsuimfinfuaiaiiliieine

= ) o s
8193, WHY, NaH viTeawu]

9.4.2 Tunanaznauaadaninated WARWY MazHTanTusLsRaaTng i

TWEmsmnazneulidlud ascatinsuiase

9.4.3 sUisaesRumdieciniduuy Tlinsansusnanufizuseanisanaznau

FUTu MIAnAznaute AnwaasAd1 e luliauansiu A linrA 1w

AHEaRnAznauie e nfiduage

9.4.4 ANMNTNA NI EIAAUNA AW IUNITATUIINITAN AN DAL UARAE 4R

sRAuusazifina1sazfisnnansliiiowiu Aldaouda st umzunnsinaiy

uINALH
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o [y ar
10. Tqmmﬂmum'mgwugquﬁmmiwmm

10.1 nurasinelnsagildn UseTeaiaes hydrometer analysis Aeazls?

=l

AaY iaunruisreduwe N aaziBen JedauinEnndn 0.075 nu. sl Tuduuiafun

HuszLATILIRS 200

10.2 nganasueediedu 91 dsslemivdnseanismagey hydrometer analysis AgLive
uen clay a8na7n sand tvizali? wszmnla?

Aoy s szl selanimdnaaanismagan hydrometer analysis SuABRENIIWIATE

fuwanidaazies JaiTwadnnan 0.075 un. adld Feerauu clay wise sand Ailsi

10.3 n;mﬂfﬂ‘ﬁmﬂfaﬂ'\a%’uj 1 MQUTEaIATRIN1TNAAEL hydrometer analysis HawAL
uazATRLANANTLTRYLTEA9A109N1INAABL Sieve analysis ati1als?

ARl R UANT NN TN ATe U ARL u,caiLLmnﬁi'NmNﬁf“fmqﬂ?:mﬁmmmi

nAABL hydrometer analysis v ifledean nnawatesdunanilaasiaen safmunaEn

i1 0.075 1. adltl Fufudaiufitunzunsawes 200 uidanlszasfesnmasey

sieve analysis Wi IHBFBIMTMITUIATBIAUWANEAMENL 11U NT90 BT8R A

10.4 sieve analysis s clay size 287390 sand Iévudalsl inmzviala

9 [y . e = ' ' W '
aau 16 e i clay size ilawnadnazamnmniruazunse o) uazAneguu
peansludusng luaneh sand #idaualugindiaslidunzunsausfidnuas feaguy
Azun 3 luduL A9aunmausn clay size aanaan sand 18 winseiitazdlailed clay

BAZ sand HUALAELREaT

10.5 sieve No. 200 lfdwfuuenfwdaazifanaa clay ananaudavany L silt 14
winld wsrzunla
AL 19 W32 sieve No. 200 luszunsafifiauiasidnunn Aamnsonanaudinazidean

Aa clay aanaNRWIAENL Y silt
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10.6 AMNUANTTNARDY MAKaRNTasasatLil

sunsauef %uﬁnmmﬁuﬁﬁw@guummmLi.m' (9)
4 0
10 185
20 53.2
40 90.5
60 81.8
100 92.2
200 58.5
Pan 26.5

A1319 10.4.8 Hanamanadiidhuiade 10.6
10.6.1 W ¥egazTasRufiinuazng (Percent Finer) Tealsiazmzunsansoniaieon
nIMTNszANtinTaalnAY (Grain-size distribution curve)
10.6.2 w11 Dy, D, WY D,, annamniznszanefaaauidanu (Grain-size
distribution curve)
10.6.3 A dutlseRvaaugindue (Uniformity Coefficient ; C,,)

10.6.4 annninduils=Ansrunnmaz (Coefficient of gradation ; C,)
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P '
10.6.1 AINIOMANSREALTOIRUTHILAZUNTY FIAITIAT 10.4.8 TaANTOUAAY
Wsasialal
R 10.4.9 HANITAIMY Percent Finer
AT ER TV H saailn swinesiui | unwiinzedduazand | Yeuacveciudl
(mm) Aveguunzunsy | Anegfuunsunsaud | Huszunm
usaziuad aziuaf (Percent Finer)
(@ (@ (%)
4 4.750 0 0 100
10 2.000 18.5 0+18.5=18.5 95.61
20 0.850 53.2 18.5+53.2=71.7 82.98
40 0.425 90.5 71.7+90.5=162.2 61.49
60 0.250 81.8 162.2+81.8=244.0 42.07
100 0.180 g92.2 244 0+92.2=336.2 20.18
200 0.150 58.5 336.2+58.8=394.7 6.29
Pan - 265 394.7+26.5 0
=4212=2 M
ZM-Columnd4 x 100 =

XM

421.2 - Coi. 4 x 100

421.2
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Percent Finer (%)
2

/]

8
b

[ ]
-
=]

1 - 0.1
Particle Size (mm)

nlnaw 10.4.9 ugmanmuniInszatefgaalingy

10.6.2 aMnnsmnsnazanaiaeadiniuazls
D= 018 mm
Dy = 021 mm
Deg = 040 mm

10.6.3 AuiuszlddinlsyAviapnuasinaus (Uniformity Coefficient ; C,)
c \\===AD

u 60

D,.

1}

222

10.6.4 FoduagiddulszAniaunnnas (Coefficient of gradation ; C,}

2

C; = D'y

Do x Dyg

06125



Test 5 Compaction Determination

1. \@NA991989 (Reference)
1.1 Braja M. Das(1998). Principles of Gegtechnical Engineering. P. 104-158
1.2 Head, K.H.(1980). Manual of Soil Laboratory Testing. P. 268-310
1.3 American Society for Testing and Material. Annual Book of ASTM Standard. 1995 p. 118-
125
1.4 09 ns WiGes, Famnd Tafinlne wevissiit asudaw. dsinamians. 2525.uih 59-68

1.5 Aug agjeeimwn. Usfinarand Soil Mechapics. LUMuEil : auvinenduisdn, 2545,

2. iﬂqﬂ‘isﬂdﬁ (Objectives)

2.1 Lﬁﬂwﬂafaumﬂmud’uﬁuﬁs:ufJ"NLﬂfai"ﬁuw‘fmm%u(Water Content) ALAIHUUIULY
(Density) 93RufnatTlda AN TIASR

2.2 Lﬁwmﬂﬂummmmﬁuﬁ'mmmuﬁ'ﬁumé’m (Optimum Water Content)

2.3 tRANARBLMIATAIINMULLUGIAR (Maximum Dry Density)

3. Manms (Principals)

n:d‘d

g a dl’ o =l ae 3 =) dg o o =
nsusdapuine RuiAuaiRAuiaonrsnmnay avduwuslaenaiy ¥, 999hu Auil vy,
a=|I c‘i" o =l Gty ) =i'd4p =y L) ar T oo ‘9' = o
ngelunaziananiindAnsu ATy InglnAnisupdaauasduiusiudino i Tuiu wiseu
Tun1suedn uasdnraerasin nnddauulaaFuoni luiwiTewdsoulunisuadnasinasanis

= : o o
\asuuilasda ¥, 1esunndn

v, o

'Yd max

Optimum Water Content {w )
w %

—
' o

31 10.5.1 funsmnIsLadn
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nraAwmaT (Procter, 1933) uassliiiuanduiusssuinafiinnuinmunldunda wazy,
Aldvinidndsmlunirusdadmih dunsvieasgl® 5.5.1 Bundudunsnisuada (Compaction
Curve) TneazfidnwauslAuilugusesiandn (Hyperbolic  curve) 4AgedAT09nTNGENdY ¥, §9qa

» ] g} 1
(Maximum Dry Density) unaninlunisusdiad 1 v, gegaiandn Uimi fimunzamiterfunm

& o . .
ANMNTURMINZEN (Optimum Water Content %ia Optimum Moisture Content)

|

MY

i Whnadhiwiu

2 1 amumdnAu

LEPREET LT

[Er T TRTIRN T

()] Yhinmarmduiinnzan  (9) U%g'lmm'mﬂumnm"n
ATUNNTERN

U 10.5.2 usnsdnsnzasdliafuiignuAta
i o o - 3 - Ol [~ 1 = g
aongy fnde fiufaruausesiumd (Low water content) LiaRuazgndensauludaausbiuiay
T v N ¥ X o g ' o hps X
119728910 Waaraudniu Winuiiudildasin e fuanaunsaisegnuada liiiea uas
- , PV L : ' P & ¥ PN
pamanaluiu (Void) azgnunuisaeninuwaniiu damaldidn Dry density Wnnanau laeinasgnifia
P o = o = o = a0 d 4 A ¥ oy P a8 8 e
TdFeaqnsshaiiaqgaidinfuazgnuadnauiivaninsiuiuign iefinindnlan suaznduinl¥ifin
nmauAniugeainiu s WRuatN dees A mmiuanad 3 ldan v, anasmulusoe

nAnsurALdNTusiRuiuadaiBuianignindd lddsiingadrsianunsnideu

v
2 o ol

1il%s Phase Diagram vadawlfseil

Weight Woluome
-
Alr v,
v'
w Ve v
VS
4

71 10.5.3 Phase Diagram 284Au
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mMsagaLnsuasni 2 38 ldun

1) Ainmasuungg Iy (Standard Proctor Test) tihARATuUMsnaniLuaslionidnagatinisun
anauluunaaFeiall TnmaniznimederienruANUias i nuL auniiu (Runway) 13au
- &
Ay Aulseau lusiy

’ a o - . o j o 2 4 o

2) Amnaasuuuuiufinied (Modified Proctor Test) (DuUATN1IMAgaLRAWmUNIT WA TR

oo ] al‘al I-: ] [vd -=i' W OO }
Afannnmszadamuwaviuzsileuna oty Amenu (Energy) Rldlunsusadsidaniuazsies

Winsiwin foliiineasunisurdrAtAriauinwauligaauieas g AuiTa mmuuugs

Fuumwinldunn
No. of ]
Wt. of No. of Height of Energy/Vol.
Test Mold size ] blow per a
hammer (Ib) layer drop (in}) ft-1bfft
layer
Standard ¢4.0"X4.6“ 55 3 42 25 12,400
Proctor ¢6.0"X5.0" 55 3 12 56 12,400
Modified | ¢6.0"%5.0" 10 5 18 56 56,000
Proctor  dha,0"x4.6" 10 5 18 25 56,300

AT R 10.5.1 Specifications for the Standard and Madified Proctor Tests (DAS, 1995)

o

Hax. Iy

"@apf ) ) &
SUR 1054 namanuduiudssndn Dry Density (Y,) uazilafifusiaoiudu (Percent

water content ) 984 (1) Standard Proctor Waz (2) Modified Proctor
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N3l 10.5.4 aziffuauuansl wesdnBuenWRLAANENTAGALLASARALYEY Standard
iU Modified Proctor Test SednwnizAarnuanswiltafupuaiiBradulaainhihileldfunisus
o J as o -y = - al ar s ar : 1 .
&n Tnenflendaauiumsuedagaiuludvsiadeatudunsainisuaginasadigean A1 Dry Unit

-

Weight 18981 (Y,) 129 Modified Proctor Test azgand1184 Standard Proctor Test uazAnitlafifus
mw%uﬁqﬂ Yo 644 (Optimum Water Content) faranasdnnaned Yo Ay TngAnnuumnsNTs
FasaAEnaseLanainldanAmdsensluntsusdi (Compaction Effort) SafiAaAndsnumsun
SareAmiloniomnBunns

LANAINAIIUEANANTE LA UNIMANNNTNARBLIN TLASAYIBT84 Standard  ua Modified
Proctor Test 2 azdunaiudulimasiagmile dunariseadu Jeaiinelfindunsmiufe
A1 Zero Air Void DaifludAnanumnniusaddugagalumamned] bisanasadusiaumal fOsls
fasniflusnmositlifemeavasudesyluivusgaes Tnusn Zero Air Void flagldilurnvauian
TumsnmageLANLERTaIATRIEINrLATAT IR INMIMAREL RITIEUNTINGRY Zero Air Void 4xfl
FNGNNINNIINIINAINNITNARALNI TLATARUIANE

& ' » dI o
Degree of Saturation = 100% Aaduazme ¥, Aanmzanuiunimualaenisunu s = 1 u

AuNeRaLL
AN O\ Ko
(I+wG) (w +I/GS)
Tne Y = Zero-air-void Unit Weight
Y = Unit Weight of Water
e = Void Ratio
G = Specific Gravity of Soil Solids

Thdufidanansznuiunisundn vanandlesSudandusinfingnfieinsduugs fafiileds
%:uq an 2 dlsznns Tude HliavedRu uay Compaction Effort (Energy per Unit Volume)
1, THRTAIAU
ANWIULIBANARY TUIANTTNITANLIBANAAY JLINTBNTANY ATTHANINNIZTBAURARY
wazAwuuAuwaT Ry AauudiiEnanasie v, gugaresiu wasFuanihfmanzas R 10.5.4
wanertinansAuiiend nuarenisunds autivldddnsusidunnisuadaludneusssdanda

o = = =l o a: %‘ oy g 1
dnaznulunsilresiumilen daufunsie Yy azansdludnausnitiunmulnfisay uasazaan
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10.1.2 Compaction curve Aaarls? uasiranfuszlomilunismassy Compaction test 1
atals?

A8 Compaction curve Ae Fuuampuduugsenina Funnn unaasuiuay
snminreadinduiar i ilelifiameaglutesinreadiafues uRevdniniunsamuuds

-

azldRunianny wafidud

10.1.3 Optimum moisture content Aeals? s moisture content HATAZIARTUAR LI

WReiiy maximum wet density, %38 saturated condition, ¥38 dried condition? iWsnzvigla? uas

AZAINITNU optimum moisture content ¥ ldUsElaMIlUA1TNARDY compaction test intinqls?
aaL ﬁfalﬁ‘mmﬁﬂumﬂﬁuﬁlﬁmﬂfaflwmuﬂum'a«ﬁﬂﬁu@dﬁqm AYTAUAATIA UM

lAenfiu dried condition twszasin IWELIA NUTILI9gI4R
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S X o X L " . o i d
WuawdeFunnufuuindy aunszisiegngega awmaiinliduns i dneuzdinga finaw

-

H Ao t‘:’ & o o ] = o a =’l’ ] '
vn.nuuuammlwﬁqausnwmﬁmmmuﬂﬂ’] AR INdRaTaIussNAaN AR LT NI T 84919984

L4 1
o o as

Waiunme fainlidasulhisuisoedeunldinedds wazasliuiuiudliausndn

Dry Unit weight, Yd(ib/it’) 4
120
Sandy-silt
116
/\Silty—clay
10 Highiy plasti
105 Poorly graded sand
100 3
5 10 15 2 Water content, w {%)

= o B e oa m
U 10.5.5 unmnsuadadminausiinsneg

2. waaulunisundn
wisnlunsunganussiinaliau (1) 3 7, g ) Brminiiunzesanss fusns
lug1 5.5.6 Taewaselunsundn (Compaction Effort) 7991ATFIUNTLATALLILINIATTIUNAE
NTLUAEALLLIGINGTNIRTEIU Auandldannaums

E = (" uaudu)@iuausiaredu)timingesian)(rsasnniasray)

UiHnnTeasan Ly

din E= wasmlumsusdn (Compaction Effort)
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T T 7 7 19.85

Samly clay
Liguidt limint =31
Ling ol Plastic limit = 26

Line
12y i

1 19,00

Z ns ¥ %, Z
= D Y % ﬁ 18,00 %
= \ 0 %, =
5 LY n =
= ' blusvs laver =)
- ® [ 3
g 1 =
3 o ' E
= 2 =
5 %, 25 blows/ layer &
17.00

in 12 14 1 1% 20 g2 2
Moisiane content, w (%)

717 10.5.6 ndsulunisuadaAuead Sandy clay

angui 10.5.6 dreuns sziiuladn
1) i8R Compaction Effort 1ix@u A1 Maximum Dry Unit Weight asdauunfraziiAtinduniuly
Ael

i PR . )
2) 1faAn Compaction Effort lWHTW A7 Optimum Water Content qzilAnanag

4. qﬂn‘a‘rﬁ (Apparatus)

4.1 wuuwdedu (Compaction Mold) §4" X 4.6" via $6” X 5.0 wiansiauilann (Collar) aun
e HaTIHLgTY

4.2 faunndn (Hammer) 119 5.5 Uausd wiiatuin 10 Uaud

4.3 MZUNT%AY Was 4 (Standard Proctor Test) AXUNgIIAU AT 3 2 (Modified Proctor Test)

4.4 Aaug, ulredauldilnmu

4.5 dausinhiu

4.6 UFTAMANLNAGU

4.7 DAHANAY

4.8 144 (Balance) FaldaziBan 0.1 NFu 18z 0.01 nfu

4.9 wau(Oven) PanunsnpuAngnmniigedia 105°C fatvainaus
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4.10 navilaslgrinatnafu (Can)
4.11 \ATHNAUAAL19AL (Sample Ejector)

4.12 nFeUaNR

5002 I S

1#10.5.7 wizaslefldluntmasaanisuadn

5. 38N15VAang (Method)

5.1 MIATFRNAIaEF

5.1.1 Standard Proctor Test 5.1.2 Madified Proctor Test
o as [} = ¥ 9 =3 o ar v Y @ 9 -
hsednauanldudmse imptaumn iAo
sufigamaiiluifiu 140°F sunguHail ladu 140°F
8 o r s oA ¥ ¥ o ar ) a a & 3
st AU ALARLA? 1NNID NAURM ALHILAT
UITDURIUAZUATUUDS 4 W3 OUAUAZUAT ULDS 3

= [] o
AUVUIA TANIPZUNTAULD S 2

4
gl udrrasodoiuseu

11# 10.5.8 uansduneuNIIATELRIDEN gu#t 10.5.9 uassdunaunssTaNfasg

AuT999% Standard Proctor Test AULD99T Modified Proctor Test
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5.2 FENAABUNTUASARIL

5.2.1 Standard Proctor Test

A5 HUAIDIAUMNHITE 5.1.1

¥

13 > [ r E
Faimiinvoenntaauies oy legraiion 4 an. Fimin

89 mold HazHIUTUINTVDI mold

¥

3 4
aerutinasluAudI9e1 3 — 4 % uazAaNMA1IUAIUTY

aduaany

¥

3 }
and106198u 1 mold nyiadu 3 1 19 Compact Auudazss

b 4
Tavdugamolfindoduihn mold Uszua 1 - 2 1wuAuns
> ¥

Compact Arotedau Ty uManaua1e Hammer 5.5 Joud lu

UIUTUAE 25 T3

A0 aun ¥
IMRDUMILAII DU ! :
" naq Collar panthauazanuaad19813auN AU 91mTuTh
i o % T = o o’ ar
”:W“'“fl“ #4910 #196198U mold TuUFashniin
UuNamiIon 3% 4(
¥ 4 ! ar 1 Y t = 9 ] u’: o 1
LaIngn a1y AUUNIAIDHINAUDD NN mold BAIRTIADUUIAIU 1AIDENI
¥ 8 o N »
weru Ty auilszina 100 nsulUFwazeuninnuiu
A 7

T »
Faimiinateu19au lu mold

A A s o e
aﬂmmamuﬂsmmmm 539

= o
HIvdd

o s d -1 ' a
HI\ N nﬂnwuﬁ% E]Qlﬂﬂﬁl‘]fuﬁﬂ’]'lll‘ﬁullﬁ SANUHUMUULDIAY

#70614 ¥1F1 Optimum Water Coatent ¥1f1 Maximum ¥,, 910 Curve

71I7 10.5.10 wassdumRaUNIIMARELLASAALIT Standard Proctor Test



5.2.2 Modified Proctor Test
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13 oA UMNT e 5.1.2

¥

[ » [ T ¥
Farimipuesdretauimon THedatien 7 nn. F¥aimin

9949 mold Uaz /5115999 mold

v

: @ U (=g 3/ Af
Hﬁ'ilu"lﬁﬂﬂl‘l.!ﬂ’JE]UNﬂu 3 -4 % UAzARAIATIIUANUTU

aduanonu

> Y

¥
Ansaeiaduld mold uuifu 5 $u 183 Compact Auudaz

Ed »
sulavdugaimulfinaeduihn mold Ussanw 1 (yudmas

¥

Compact #10t13au UL BHADAUAIY Hammer 10 Youa Ju

- ¥
UIUTUAZ 56 A5

111820819AU
a A ¥ 7
MmanmnguudITou
HIUASHUNS VDS 3/4"
» »
MNUUNAIDN 3%
udngndiouniu

3 3
Suatuoyonu

v

[ 2
00a Collar pamhatazanuaId19e1@UNHITY 110U

1] E
Froteduns ou mold Wlfathwmin

Y

a9
FUNAIDE19AUBBN 1N mold HAENAMIUUIRIIIRIBE14

r.y o 3 Py
Autlszna 500 nsulFwazeumanuiu

A

3 3
@ o

Farivnnaawean 1y mold

21 c; =3 o’J =
aaadnsomulsuaings 5

: A e
ATINIBU

w W [~} & ] o L]
mﬂ:nnﬁu‘wuﬁfuan'ai"wuﬁ'ﬂ’nu%uLmzmmwumuummmama

AUMIA1 Optimum Water Content AZH1AT Maximum Y010 Curve

517 10.5.11 ugaeiumauntmAdaULATARUAS Modified Proctor Test
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6. TayafinluawmAans (Measured Data)
6.1 it Can (W)
6.2 ﬁﬂuﬁﬂ Can uaz (Mutlen) test specimen {Wews)
6.3 %in Can UAS test specim=n 'ﬁ'g]n'ﬂu WHIUAD (W)
6.4 NIRTDILLULASARY (W,,)

6.5 wrnwaasatnaRudlonfiussa luuuedndiu (W, )

Soil Description Project

Location Test No

Boring No Date

Sample No Tested By

Sample Depth Checked By

Type of compaction test No of Layers

Mold Dia {cm) No of Blows / Layer

Mold Ht. {cm) Drop height (inch)

Mold Vol (cc) Ram. Weight (kg)

Compaction Test No 1 2 3 4 5

Water Content Determinati

Can No.

Weight of Can, We  {(gm)

Weight of Can + Wet soil, Wgys (Gm)

Weight of Can + Dry soil, Wqps (gm)

Weight of water, Ww1 (gm)

Weight of dry soil in can, WD; {gm)

Water Content, W (%) ‘
Average w

Unit Weight Determination:

Weight of Mold, W, (gm)

Weight of Mold + Wet soil, W5 (gm}
Weight of Wet Soil in Mold, W, (gm)

)

Wet Unit Weight, O (kNm)
Dry Unit Weight, 9o (kN/m)
Note: 1. WW - WCWS— WCDS 2. WDS = WCDS - WC 3.w= (W\A/WDS)*1OO

4. gr=r*9.807 KN/ / gnvee, whereas I in gmice = Wi,s/ Vol of A5. G = gr / (1+ wi100)



S~

Dry unit weight, Y, (kN/m3)

; ] L i
Tﬁ‘l‘Frfl:fx:lI\liil-ila

Optimum water content, wgpr (%)=

Mold water content, w (%)

Maximum dry unit weight, Y, yyax (KN/m’) =

351
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Soil Deseription Project

Location Test No

Bonng No Date

Sample No Tested By

Sample Depth Checked By

Type of compaction test No of Layers

Mold Dia (cm) No of Blows / Layer

Moid Ht. (cm) Drop height (inch)

Mold Vol (cc) 1000 cm (SI mold) Ram. Weight (kg)

Compaction Test No 1 2 3 4 5

Water Content Determination:

CanNo. 751 77 | 81 | 86 | 87 | 88 | 93 | 104 | 109 | 110

Weight of Can, We  (gm) |22.57]22.02(22.00122.32|17.85{17.80{17.32(17.46|1721{17.25

Weight of Can + Wet soil, W, (gm) |93.80198.24193.96|101.8/97.62|88.47|95.22{102.5]100.7}97.07

Weight of Can + Dry soil, W, (gm) |88.64(92.66/87.37|94.46(89.00(80.94|85.47|91.83{88.83}85.68

Weight of water, \;\/'Wl {gm) | 5.16]558]6.597.30) 8.62}7.53|9.75[10.70|11.82| 11.39

Weight of dry soil in can, WDS2 (gm) {66.07]70.64|65.37|72.14]|71.15|63.14]68.15|74.37]|71.62|68.43

Water Content, wo (%) |7.81]7.90]10.08[10.32{12.12|11.93|1431|14.39{16.50|16.64
Average w 7.85 10.10 12.02 i4.35 16.57

Unit Weight Determination:

Weight of Mold, W, (gm) 1933.00 1933.00 1933.00 1933.00 1933.00

Weight of Mold + Wetsoil, W, (gm) | 3757.20 3921.40 4109.00 4082.50 4015.20

Weight of Wet Soil in Mold, Wy, (gm) 1824.20 1988.40 2176.00 2149.50 2082.20

Wet Unit Weight, Yrogaum'] 1789 1950 2134 21.08 20.42

Dry Unit Weight, Yo (KN/m'] 16,59 17.71 19.03 18.44 17.53

Note: 1. Wy =Wyo-Weps

2. Wpe=Wepg=-We

3w = (W /W% 100

4.Y =P *9.807 KN/ / gm/cc, whereas Py in gm/ec = W5/ Vol of Mold 5., =7/ (1+ w/100)
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& 2000 = N
5; 19.00 £
o 18.00 -
i
g 17.00 =
pe 16.00 =
. 5 £
- H L 1
o 15.00
]
5.00 10.00 15.00 20.00

Mold water content, w (%)

Optimum water content, wop, (%) = 13.00 Maximum dry unit weight. Y, s (kN/mj) = 18.80
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8. NMFAIUIN (Calculation)
8.1 Compute water content (% w)

% w = mass of water *100

mass of dry soil

= W,y * 100
WDS
Wy = {mass of can + wet soil) - {mass of can + dry soil)
= Weus - Weps
= 93.80-88.64 gm
= 5186 gm
Wps = (mass of can + dry soil) - {(mass of can)
= Weps - We
= B8.64-2257 gm
= 66.07 gm
% w = 516  * 100 gm
66.07 gm
= 7.81

8.2 Mass of wet soil in Mold, W,

Wye = {mass of wet soil + mold) - {(mass of mold)
= 3757.2-1933.0 gt
= 1824.2 gm

r
8.3 Wet Unit Weight , g,

Or = (density of soil} * 9.807
= ..*9.807
rr = {mass of wet soil in mold)

Vol. Of mold
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= 1824.20 gm
1000 cC
= 1.8242 gm/ce
Or = 1.8242 gm *9.807 kN.cc
3
Y m .gm
= 17.89 kN/ce

8.4 Dry Unit Weight , gg

o™ Wet Unit Weight

{1 + water /100)

= gT
(1 + WI100)
= 17.8899294 kN
(1 + 7.81/100) mJ

16.59 KN/m
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9. ma 91 (Practical Uses)

9.1 lunuresieilauidutanieaie Wy smondumeauy, dey, viarugusn dufluil
azfpnlfinpananiPiredui i uauisz@nnmaruiidenis 1y fdeaesiu (Shear
Strength) N1IMARAY (Shrinkage) Y3 MR uTeain L (Permeability) uazdasanlufanrmmgmii
ga9hu lasmnageunsundnazduAfidlunsasuaunisundalusuindmfuunasiagiaz
findriaa¥s FounimageumiAnefisufniTuage (Percent Compaction) wazA1AINNTY
(Water Content) iamsaasauamssiRraiuiniulimuioanuun el

9.2 Tusrniranzee NuUUAMILN LA LON, IUNRASLATAITBIFY, NTNTARITRIAY, NTTNEY
2841 ‘lﬁﬂﬂ’]‘a‘ﬂﬂﬂﬂﬂ%uj f»‘hLﬂuﬁﬁ:ﬁfaqﬁmﬂﬁﬂuﬁ'ﬂqﬁ'f'mtiwﬁaﬂmsumﬁﬂ (Compaction) 7
B89N ATINE L {(Water Content) ﬁﬂmquﬁq Aol 1FA Unit Weight Hdraenns nilumdn
ﬁ"ij‘lﬂﬂnmﬂ'\mmmuﬁfa:ﬁ’mﬁm TOUNAT Optimum Water Content Wa=A1 Maximum Dry Unit Weight
diuarduusnsenfsianisagauuate u@:m%\mmﬁ%gnﬁqmlﬁﬂs:nﬂﬂuma‘ﬁmﬁ’mqmﬁh

afiudrean Tundn (Percent of Compaction)

10.langmagauanaRuguaINIMAaE

10.1 'Luﬁﬂi::ﬁ]uéqmzudw ¥1aeslasanislasamsaaniuLieainmnei (taxi way) A uFUnN"3
TENEeMAEINUITRRY AN, NAGOYAMA Engineering Evaluation Company Fasimiind
ﬂmﬁunamﬂﬂhuﬂszmmﬁuﬁmnﬂszmﬂcﬁﬂu, 179 1nuFim Quality Construction 471 Failu
BRI, uaE U3 nedus Consultants 41n Jailuiinm Wifuidreesiasins Wedunnas
LY BUSemEasREALATRALAN DA B LLLfeaF s wasder sy naunuLiesins
(specification) Werd1aluss JaansTesnaes NAGOYAMA Engineering Evaluation Company &
1alfunet19qus Site Engineer 9939131 Litudim Quality Construction 477in laldsangnintinaua
(present) agadu IWFaNMILARIMAKA, sketch N, Wauan BNIsAwamLlsznaLINa I

& =

faRaiu winfadiazdan s dhlalfieau aalsziiu il
10.1.1 Compaction Aaarli? AfraL uazAite WANANNAL consolidation agels?
. o oal o oA aY 1 A v 4 o4 0 oy,
AaL Compaction g Aan1suadanuiiuiuauinaldiAtesliana veeldusanssunninala
5 Y
an1Aeen Wandesinasswdnadaiy A REnRuTaRdATuLLLTY 891 consolidation 1114

dlunsgusdadaseddiuduinesty wilasardestansinoeleiwminussynasiinszniy

1 1
watuw i Wauowu Wl luauuileenly
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10.1.2 Compaction curve Aaazls? uasiwnlflsslanilunismagau Compaction test 14
atals?

#M1 Compaction curve Af duuanspuduiufewin o lueasutm
mnulusaadufiedld debiamaeglutevinaeadinfuse Tufendsnfiunsaiuda

P

[ o @
azldAuntiannuy wasidud

10.1.3 Optimum moisture content Aae:15? 1y moisture content ARasasfinTiuALMLS
(At maximum wet density, %38 saturated condition, %58 dried condition? INg12AWE1A? UAZ
Azg111a1N optimum moisture content W dus=Tamllunimaday compaction test Ifatinals?
- g o oag Lo + o o A < 4 o 1
A AetFunnitlunsiun A umnniueliniugayige masasiiana umi

iReriu dried condition ngrzazinIiAuliANdsagegn



Test 6 California Bearing Ratio Determination

1. 1an@9a19849 (Reference)
1.1 American Society for Testing and Material. Annual Book of ASTM Standard. 1995 p.
149-155

1.2 Bowles, J.E. Engineering Properties of soil and Their Measurement. 1992 p. 217-226

1.3 97103 185304, Aswand ladinlns waxlszil asifew. Usiinarians. 2525. wiin 69-80

2. fﬂqﬂimaﬁ {Objectives)

\anasaLn MAeduiignusdaluglaeid %CBR

3. BANNNT (Principals)

CBR Test ihinamunanusaudew (Shearing Resistance) 1841 'Luamq::ﬁﬁugnmuau
BN A AT ISR (q:wmﬂuﬁ Optimum Water Content ifludaulun) Tneas 14
viquiAnnanmu (Piston) WNARUTUTGA 3 A131989 NARILLFAatNFudaadnm 0.05 nre
W7 astiuiinuailudn Test Unit Load udannidusasdnuBaufeuiuad Standard Unit
Load ﬁ‘lﬁmnmmﬂaﬂuu.uuLﬁmﬁuﬁuﬁmqnmm33ﬂu°7{uﬂé’muﬂulus:ﬁummﬁnmmmmﬂ
(Penetration) fivinfu ArgmsgaunidGundn wefidud CBR” Wewfuaunislddd

Test Unit Load

CBR = X100
Stan dart Unit Load

A Standard Unit Load #24iUAGNHNIASTIULAGALUY MINNTNAVIRUIMANNANIUULINGTR 3

X oa. =
FTNUY AT 10.6.1

PENETRATION STANDARD UNIT STRESS
B mm in MPa psi
25 0.10 6.9 1000
5.0 0.20 10.3 15000
7.5 0.30 13.0 1900
10.0 0.40 16.0 2300
12.7 0.50 18.0 2600

ANT199 10.6.1 uﬂ')ﬂuﬁ‘\immiﬂu {California Division of Highway) {Bowles, 1992)




359

ey CBR i ldMaludesfiRnnzuarlusun Tagnisinanusianismngay CBR az
naaauRIatihsAuannLatin (Borrow Pit) TufueanuuniouuuazazaagaLanakslugaanis
red¥1s IneeinismaasuALgiunism eaaULAdn (Compaction Test) LAZNITNARBLN
AL INAUIN (Field Density Test) FabFamanmegeuLadaduluiamasadioy
Lﬁﬂlﬂﬂ”ﬁ'\mwumuﬁu@aqm {Maximum Dry Density) uALANAEUR NI AN (Optimum
Water Content) né1anniAmagan CBR AfamuFuRnaft Slunmaneudaanisnari
CBR fiammmnmiuigafufudiaommmnmivannsuasa lusunudaiuh/denn 3dasin
nsumsaFIste-AuRas 3 fedafialildaaammnnivluga 95-100 % Lﬁﬂﬂafam@mﬂﬁ
faans avmameaaus 3 et sudainsidumsndunsaonduiusaesdn CBR
UATINUL WHBLIN (Dry Density) AMATHUUN LLARRINNTAINNITLAS A ALan la Az

#111308mA1 (Interpolate) A1 CBR ann s illel (31U 10.6.1)

125

100 56 Blows per Tayer

15 lV/

/25 Blows ;Wer layer
CBA fgr desired
so| = = A= ikt g e

1

{

I

—

dry uniy weight

Corrected CBR

25

0 Bléws prr layer
1
5

100 105 no ns 120 125 130
Gry Density as Molded-- PCF

7% 10.6.1 ns A NENWUF U914 Dry Density 1L CBR (ASTM, 1995)

Al

1
o ar

1sMA%eL CBR HatHaN waaRns IWszud4 Test Unit Load luwnusiaiyu Penetration 11

unwueu TnednazlsdgiAspdnduganiin uiunsaiazdangdndulfei iians e TAs

4
& =

wanerlugaqusn Aeraautlaldigndogmsainidunssduiiany Curve mradauiilponuduniniign

Tsfuununeviaasliqafifefuluilugandialnd andi “initial Correction” fauanslugll

#10.6.2
TnevialUudmn %CBR azldAdnmdonsasnsanaiaIuan 0.1 39 uAtINaw89 %CBR 184
» v ¥ 1 5 | 4 1 1
uTINATIAILAN 0.2 9 gandfinoIn@n 0.1 e inosazviimmaaest Tai1A %CBR #Aladal

AnguruGnA I %CBR finnswwusia 0.2 i9
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A1 CBR hun i relamilunreanuunAnu NI InuUanfena (Flexible

Pavement) Tngn1sAnyaa9umMunann Design Charts W3aena lddae lunannvusan

Subgrade Modulus (K) 18sfuanmmafauifeuietieluniseanuuuouuasuninlean

¥
FAIE

r T T | B N
[ RESISTING VALUE-R
20 30 40 59 55, 69
1 § 1; - L § 1
FODULUS OP SUBGRADE R=iCTION-K! pbi
100 150 200 250 300 400 500 60D , BOC
_—— T T L ’ ! b
i 1 |
" BSRAING VALUE pei |
(@ 30-in.plate,0.1-1n.defle|ct:i.o]£)
10 20 30 40 50 {60 | 70
; — \ ; —t—t
CALIPORNIA BEARING RATIO- (BR|%
St 7 a5 0 15 20 53U3T U7

4 1

U7 10.6.2 usndanauduWusszwig CBR, K, R uaz Bearing Value

RNA CBR 129Auusasain s u1snimmuafua Nt resnuest9ag) Sumnne

H {7 > 2 4.
Parldduuiasfnuulududunn fusesiunid (subbase) WiTuNUNG (base) AR

Hr98143
CLARSIFICATINN SYATEM
CUBR {eneral
Na. rating [es Unitien] AASHTO
-3 Very poor Subgrade OH, CH, MH, Ol. Ad A6 AT
A7 Poer to fair  Subgrade OH, CH. MH, 0L Adl AD, ABLAT
T-21) Fair Subhaze OL, CL, ML, 3C, AZD AL AB AT
R M
20-50 Good Base nr GM, GC, SW, SAlL Alh, A2-50 A8
Subbaze sP, GP AR
= 5l Excellent Base GW, GM Ale, Az, AS

AT 10.6.2 UAAIAINNANAUTIRI %CBR LaZN7 1594
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/000 L

800 l.
._: "
i CORRECTED 0.2

PEMETRATION
- 600 |
=
=
w
=
=21
= .
= doo - n
g CORRECTED (.1 PENETRATION
=
=
5 200 L
7 i/ CORRECTED FOR CONCAVE UPWARD SHAPE
7/
v
o %l , . y _ A
o ar o.2 a.3 a.4 a5

PENETRATION, IN

71 10.6.3 nswpuduiusszwing Test Unit Load ity Penetration

(2507, AsWmnd wazulzi, 2525)

dwiiAEnsvageu CBR o lé 2 amaz fa nagauuks (Unsosked Test) azna
nosasi s uTaiaatagi AT nAR LI (Soaked Test) axfautld 96 lu
e liAuauhaudud Tneamgfisinm paauLLLUTY fiflewAn CBR Hifisauadsluaun
%ﬁlqzﬁw%‘uqg]duﬁus:ﬁuﬁﬂﬁﬁmzqaﬁuﬁﬂﬁ’ﬁumuumdmw‘?‘ﬂﬁ’wm@g}lﬁﬁq uazlunns
naaaLasin LB nsuandireeiu FusdudmilfiamnsoaweninuasiFuas

s
Awsnzand iy lunis R nuresianiug

4. @ilngal (Apparatus)
4.1 nruada (Compaction)
4.1.1 buuvwaaRu (Mold)idue 1 uArEna 6" x 7" witnaaslaan (Caliar) 44 2.5” uaz
WHLF1%(Base plate)
4.1.2 UHWIKaNa4 (Spacer Disc) §4 2.5 ‘ﬁ?
4.1.3 ARULATA (Hammer) T41# 5.5 Uaus %58 2114 10 tlous
4.1.4 NFTUANAN TUIA 250 — 500 GNUIANISURINAT

4.1.5 0NANANAY
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4.1.6 ussvimuannamu
417 Lﬂ‘%‘imﬁuﬁ'ﬁmﬂwﬁu (Sample Ejector)
4.1.8 fausinhiu
4.1.9 nTeA7ad (Filter Paper)
4.2 MIIANITUINAT (Swell)
4.2 1 ughusan suans (Swell Piate) w‘?ﬂumﬁﬂﬁmﬁmﬂ%’ummz_gw’h‘lﬁ
4.2.2 47191 (Tripod) iadnsnsnisuaNsTashuile |.L°n’1‘°iw
4.2.3 nasutinila (Dial Gauge) anulsiazi@an 0.001 fin
4.2.4 uuinin {Surcharge Weight)
4.2.5 FunudAunsauLLwaeRl (Mold)
4.3 MINANAATL {Penetration)
4.3.1 wisaanauuunaudauuy Wi
4.3.2 Wiamanna (Penetration Piston)
4.3.3 Nnmsutirile (Dial Gauge) FnrngLIF (Penetration) 18928147
4.3.4 Adamnaswinta

4.3.5 2uyaudans (Proving Ring)

711t 10.6.4 uans IArRINAMAREL CBR
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5. A6MSNARAY (Method)

5.1 PMAATENAR AR

Udeusited19au i (Air Dry) udmisesmiluno 3t o

(Quartering)

Y

>

SouMIBENAURIUAZINTWULBS 3/4" Tasdunduuazunsaling

1

Y

Y e i ¥ w1 a A & RN
“ﬂlLﬂuﬂuﬁ?u'ﬂ'ﬂqlh.]ﬂ')f.lﬂ'3?]01\17]““”11-”]3111’!5\1“]65 3/4 " LA

vunzunsauss 4 nihminfihiu

I
Y

H19A Optimum Water Content Tau3% Modified Proctor Compaction

AIN1SNATOLVEI CHS - Compaction Test

71l 10.6.5 uaasdiumeunTFTINEIB ALY

5.2 98n15vimaau CBR

5.2.1 38N1INAABLUUL WIS (Unsoaked Test)

=y a L= o_ 1A ar o
NTEUAIDETNAL 6 NN, uasmmamaﬂuﬂ‘szmm 100 N5 ‘lﬂﬁ'll‘]_lﬂ'ﬂﬁuﬁ

&
ATUFY (Water Content)

y

Fi1min mold 1 2 @ 1991z mold 1ai591 base plate) ua11/sznpua

@03M Spacer Disc Tav19nzA15031f1 Spacer Disc Iatlaafudiaddu

]

15278 mold 141111 base plate 1A Spacer Disc (@67x2”) Tav1¥nszay

N3B(D6” 11l Spacer Disc IMBTBINUAIBENAUNIEAA

363



MNMTUAeAMNIT Compaction Test Y89 ASTM D698 130 D1557 Method B, D

¥

ar ar o o = ] =
HAIUABATUATL DDA coliar ﬂﬂﬂuﬁ?i%ﬂi'iﬂﬂiﬂaﬂ'l"lﬂﬂilﬂ']ulﬂuﬂau mold

uazuasrdu Misou

Y

o = o : o A
08 base platelld¥ spacer disc 90NN mold nazAu TlFnihminmes:

1111In1 Wet Density (Y,,,)

¥

(DINTTATHNTBINLY base plate 4NN mold ndvF U UFUMUE1 udr

TMA9UY base plate Ta 1H iU

Y

] o o L] =
NN Surcharge Weight 10 oud asuuaed1aaulu mold

¥

o L] = é = - A o o
114 mold WiaudB AU AT B IonAMAToY THRMThAUFuRaAY piston

a o . W 1 o
VAIUY dial gage 1Hﬂ§}ﬂﬂﬂﬁuﬂ

¥

¥ 10ad B@31 0.05 AU LA IBTUM N IMITANTEUZIV 0, 0.025, 0.050, 0.075,

0.100, 0.150, 0.200, 0.250, 0.300, 0.400 LAz 0.500 AT

Y

A o r =
lﬁ%‘ml‘gﬂﬂ'ﬂﬂ mold 99N1NINTDINATOU ltgilﬁﬂﬂﬁﬂﬂ'liﬂllﬂiQﬂi’lNﬁ'ﬂij

A o v s s
HUARY 100 NTU W39 500 5L 1 T wuediFudnudu (Water Content)

10.6.6 LanddEN1MAgaL CBR wUL Lt (Unsoaked Test)

364
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HINELYA
L3 14 T T
fusaugaielunnfvsetiiuluvinlefidusiammanivaniiudfnniulaeduiusiia

1 3
193005 Treiidanwunsail Fine Grained Soil — 100 n¥4, Coarse Grained Soil — 500 n¥u

5.2.2 TAPARBL LU LT (Soaked Test)

o . ¥
SNSRIV WIRIIAUNS VAT DULLVLR IR AL LAUIUR W UABUMS

» d
FNUHUINAN Surcharge Weight

Y

] al o
TUNTLATHNS DA 119 UM AR Surcharge Weight %3in 10 Hous asuu

$7901984 14212 Swell Plate S 51 IA0ASIMIUINAIVDIAY

y

1 Qs : :‘ 1 [ o -: . o ar
119 mold aaludnir Taelihwviumilsurunan 1 13 19 dial gage Hadufy

@ @ o X A o
tripod THala 10904 dial gage unzdufarfuA1U swelling plate iNO¥INSUIUAD

Y

st 19du 1l 4 fu udaniufinfmsuInda9n Dial Gauge nTuaag 2

1 : ] ' o ]
ASITUATU (MIPMSLINFIATAMONTSHAILY 48 32 Tua s ongre1u1R)

/

WoasuUfiMuALE8n mold 88ABIN NInsun AN WIIT nazaseiiall

¥
15 w1# i Tvanenein mold suvua

Y

] »
111 mold wisudadredu I Faimin, W,

Y

14 mold wiondatsdudinSosiionanaaou TR mthaududaiy

. o o . = o
pistonIAIL dial gage MDYNYATUE
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4 ¥ ¥
1# 10ad 651 0.05 oM LGB IUANIIMINAS Iz 0, 0.025, 0.050,

0.075, 0.100, 0.150, 0.200, 0.250, 0.300, 0.400 unz 0.500 5!

Y

pDAmold 9DAIINAS BINATD LAARUAIDONIAUASTINAWMUUUIAT 100

»
A5u %59 500 n3u T I ue I FuUARIIUFY (Water Content)

1
o

U7 10.6.7 uansdBn1IMAgeL CBR WUUUT1 (Soaked Test)

6. ‘ﬁ'ﬂgmﬁ%’ﬂ’mﬁ'fawmm (Measured Data)
6.1 WhtiruguinansIeuLLMaaRY
6.2 Height of (wet) compacted specimen (H,)
6.3 thwuiih Can (W)
6.4 i Can uaz (Fuidlan) test specimen (Wye)
6.5 i Can uay test specimen gL INAD (Wyo,)
6.6 ﬁ'\uﬁﬂmmﬁmﬂwﬁuﬁgnmﬁm + RULBERRY + usiurasiin (Wiogue)
6.7 HingeduuLdeRusN UL B Y (W,,0)
6.8 Loading Ring Constant (LRC)
6.9 Weight of Surcharge for Bearing Test (Ng )
6.10 Seating Load before Bearing Test (Ls.,7)
6.11 Rate of Penetration

6.12 Piston Load Dial Reading {PLDR)
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California Bearing Ratio - CBR Test

Soil Description

Location

Boring No

Sample No

Sample Depth

Spacer Dise

Mold Dia {cm)

Hammer Weight (Ibf)

Compaction Data of CBR Test Specimen

Determination of Compactive Effort (E)

CBR MOLD no.

Project

Test No

Date

Trsted By

Checked By

No of Layers
No of Blows/Layer
Drop Height (ft)

Height of (wet) compacted specimen, Hg, (cm)
Volume of (wet) compacted specimen, Vo {(cc)
Compactive Effort E (i)
Obtain Water Content of Compacted Specimen :
For CBR MOLD no.

Can No.

Weight of Can, We  (gm)
Weight of Can + Wet soil, Wews  (gm)
Weight of Can + Dry soil, Wes  (gm)
Weight of water = WCWS - WCDS, Wy, (gm)
Weight of dry soil (in can)= WCDS - WC, Wi (gm)
Water content (each can) = Wy, / W, * 100 We (%)
Mold (average) water content = average W, w (%)
Determination of Density of Compacted Specimen e 7
For CBR MOLD no.

Weight of compacted spec. + mold + base plat W,z  (8m)
Weight of mold + base plate, Wus  (gm)
Weight of (wet) compacted specimen Wy {.52 (gm)
Density of (wet) compacted specimen Vw-cs3  (gm/ec)
Dry density of compacted specimen Yocst (gmicc)
Weight of (dry) compacted specimen Wy.csS  {(gm)

Note: 1.E=(blows/layer) * (layers) * (hammer weight) * (drop height) / (volume of compacted specimen

3
* | f7/3048 cc)
2. Wyes=Wesms ~ Wun

4. Yocs = Yw-cs / (1 + w/100)

3. Ywes=Wyues/ Vg
5. Wpes =Poes * Vo
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CBR - BEARING 'IET

Compaction and Swelling Data

For Compacted Test Specimen in CBR Mold no.
Mold (average) water content = average w, Wy (%0)
Compactive Effort EY (@i
Density of (wet) compacted speeimen Pw.cs (gm/ee)
Dry density of compacted specimen Pocs  (gm/cc)
Specimen Sozking Soaked / Unsoaked Soaked / Unsoaked
Weight of Surchage for Specimen Soaking, Ng_gl! (N)
Wet density of soaked-compacied specimen, ! {(gm/cc)
Set -up of Bearing Test
Leading Ring Constant, LRC  (N/div)
Weight of Surchage for Bearing Test NS_BI2 (N)
Seating Load before Bearing Test ATB (N, div)
Rate of Penetration {mm/min, div/min)
Stress - Penetration Data
Penetration Piston L.oad | Stress on | Piston Load | Stress on
- Dial Reading| Piston |Dial Reading| Piston
(mm) PLDR PLDR G,’
Remarks 0 ( N@iv) | (/m’) | ( NAGIY) | (kNfm)
10. Obtained as shown in DATA SHEET 0.25
NO:CBR 1/4 0.5
1. Obtained as shown in DATA SHEET 0.75
NO: CBR 2/4 |
1.5
2
2.5
3
4
5
6 j
7
8 1
9 :
10 |
11 |
125
Determination of Water Content of Specimen after Bearing
Water content of Specimen @ Top 1/3, Wi (%)
Water content of Specimen @ Middle 1/3, Wi (%)
Water content of Specimen @ Bottom 1/3, Wg13 (%6)
Average water content of Loaded Specimen,  w, . (%)
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CBR - BEARING TEST

Soil Description Project
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
“E L
S 40
]
o
=)
b=
A
j=
=
a
w1
5.
*c;)' _

Penectration, P {mm)

Determination of California Bearing Ratio (CBR) ks m

Corrected stress for 0.1 inch penetration, G (kN/mz)
Cormrected stress for 0.2 inch penetration, Oc.gz (kN/mz)
Corrected stress for the maximum stress, Oy AXH (kN/mz)
Bearing ratio for 0.1 inch penetration, CBR, ,IS (%)
Bearing ratio for 0.2 inch penetration, CBR, ,19 (%) ’
Bearing ratio for the maximum stress, CBRy szﬂ (%)
California Bearing Ratio, " CBR (%)

Note: 17. Reporied when the penetration is less than 0.2 inch {5.08 mm)
2 2 2
18.CBR, , = (G q, KN/m Y(6900 kKN/m') * 100% 19, CBRq, = (G, KN/m )(10300 KN/m') * 100%
2
20. CBRy 1% = (O ax kN/mz)/(interpolating standard stress of 6900 and 10300 kN/m ) * 100%

21. When CBR,, > CBR, ,. the CBR reported for the soil is CBR,; when CBR,, is greater, rerun the test.

If the check test gives a similar, use CBR = CBR,,
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California Bearing Ratio - CBR Test

Soil Description

Location

Boring No

Samnle No

Sample Depth

Spacer Disc

Mold Dia (cm) 15.03 (g4 11.655 cm)

Hammer Weight (Ibf) 10

Compaction Data of CBR Test Specimen

Project

Test No
Date

Tested By
Checked By

No of Layers 5
No of Blows/Layer
Drop Height (ft)

Determmation of Compactive Effort (E)

CBR MOLD no.

Height of (wet) compacted specimen, Hg, {cm) 11.66
Volume of (wet) compacted specimen, Vo (cc) 2067.86
Compactive Effort E' (ﬁ-]bf/ﬁs) 57513.93

Obtain Water Content of Compacted Specimen

For CBR MOLD no.

Can No.

Weight of Can, W (gm) 2440 -
Weight of Can + Wet soil, Weys  (em) | 8640 !
Weight of Can + Dry soil, Wes  {gm) 80.00 -
Weight of water = WCWS - WCDS, Wy (gm) 640 5
Weight of dry soil (in can) = WCDS - WC, Wi {gm) 55.60 -
Water content (each can) = Wy, / Wy * 100 We (%) 1151 2
Mold (average) water content = average W, w (%) 11.51

Determination of Density of Compacted Specimen

For CBR MOLD no.

Weight of compacted spec. + mold + base plat W,  (gm) 11440.00
Weight of mold + base plate, Wyp  (gm) 7140.00
Weight of (wet) compacted specimen Wyre (gm) 4300.00
Density of (wet) compacted specimen Ywes3 (gmicc) 2.08
Dry density of compacied specimen Vpcst  (gmcc) 1.86
Weight of (dry) compacted specimen Wyesd  (gm) 3856.13

Note: 1.E=(blows/layer) * (layers) * (hanner weight) * (drop height}/ (volume of compacted specimen

3 3
* 1 ft /3048 cc)
2. Wycs=Wesws - W

4.V cs =Yw-cs/ (1 +w/100)

3. Ywes ™ Wwes/ Vo
5 Woes=Yoes* Vo
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Compaction and Swelling Data

For Compacted Test Specimen in CBR Moid no.

Mold (average) water content = average wc, Wiy (%)

Compactive Effort , E°  (RIboR)

Density of (wet) compacted specimen Pwecs (Bmice)

Dry density of compacted specimen Ppcs  (gm/cc)

Specimen Soaking Soaked / Unsoaked Soaked / Unsoaked
Weight of Surchage for Speeimen Soaking, Ns_g] ™

Wet density of soaked-compacted specimen, (gm/cc)

Set -up of Bearing Test

Loading Ring Constant, LRC (N/div)
Weight of Surchage for Bearing Test N,;_,,‘Iz (N)
Seating Load before Bearing Test Lgy ATI (N, div)
Rate of Penetration (mm/min, div/min)

Stress - Penetration Data

Piston Load | Stress on | Piston Load ; Stress on
Penetration  |Dial Reading| Piston |Dial Reading| Piston
P PLDR * i PLDR | G,°
Remarks (mm) ( NAiv) | GvmD | NAY) | gavmD)
10. Obtained as shown in DATA SHEET 0 0 0
NQ: CBR 1/4 0.25 115 1506.76
11. Obtained as shown in DATA SHEET 05 176 2306.00
NO: CBR 2/4 0.75 240 3144.55
1 284 3721.05
15 345 4520.28
2 382 5005.07
235 410 537193
3 430 5633.98
4 455 5961.53
5 466 6105.66
6
7
8
9
10
11
12.5

Determination of Water Content of Specimen after Bearing

Water content of Speeimen @ Top 1/3, Wrys - (%)

Water content of Specimen @ Middle 1/3, Wi (%)

Water content of Speeimen @ Bottom 1/3, Wai3 (%) -
Average water content of Loaded Specimen, W, qm (%) 1151
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CBR - BEARING TEST

Soil Description Project
Location Test No
Boring No Date
Sample No Tested By
Sample Depth _ Checked By
7200 Ty C e e = . e e e e e
6000 /
"8
4 4800
©
5‘ 3600
A
=]
=
Q
w2400
[+
]
/2]
1200 -

Determination of California Bearing Ratio (CBR)

Corrected stress for 0.1 inch penetration, O (kNl'mZ)
Corrected siress for 0.2 inch penetration, Oran (kN/mz)
Corrected stress for the maximum stress, (oY AX‘ (kN/mz)
Bearing ratio for 0.1 inch penetration, CBR, ,ls (%) 76.81
Bearing ratio for 0.2 inch penetration, CBR, 219 (%)
. . . ™
Bearing ratio for the maximum stress, CBRyax {%)
California Bearing Ratio, CBR_. (%)

Note: 17. Reported when the penetration is less than 0.2 inch (5.08 mm)
18.CBR, , =(G.,., KN/m (6900 KN/m') * 100% 19.CBRp,= (G, KN/m (10300 KN/m ) * 100%
20.CBR v = (O piax kN/mz)/(interpolating standard stress of 6900 and 10300 kN/ml') * 100%
21. When CBR, | > CBR,,,, the CBR reported for the soil is CBR,, , when CBR,, is greater, rerun the test.
If the check test gives a similar, use CBR = CBRg, '
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8. Mat1N3AUA (Sample of Calculation)

8.1 Determination of Compactive Effort (E)

8.1.1 Volume of (wet) compacted specimen, V,

]

Vo (TU/4) * (15.03 cm)” * (11.655 cm)

2067.86 cm'

8.1.2 Compactive Effort, E

E = 56*5* 101bf* 1.5t
2067.86 * (1 f°)/30.48 cm’)

= 5751393 pbie

8.2 Obtain Water Content of Compacted Specimen
8.2.1 Weight of water, W,

Wy

(Weight of can +wet soil} - (Weight of can + dry soil)
Wews ™ Wens

86.4 gm - 80.0 gm
640 gm

8.22 Weight of dry soil (in can), W

(Weight of can + dry soil) - (Weight of can)
Weps ™ We

WDS

Il

| .
(o)
<o
= 3
5 =
=S
g

8.2.3 Water content (each can), w

64gm * 100

We
55.6 gm
11.51 %

8.2.4 Mold (average) water content. w

W = average We

1151 %



8.3 Determination of Density of Compacted Specimen
8.3.1 Weight of (wet) compacted specimen, W, ¢

WW-CS

8.3.2 Density of (wet) cpmpacted specimen. ¥y, ¢5

YW-CS

Wesws - Wus
11440 gm -~ 7140 gm
4300 gm

"v\\.‘-(" 5

Vo

4300 gm

2067.86 cc
208 gm/cc

8.3.3 Dry density of compacted specimert, Y 5

YD—CS

8.3.4 Weight of (dry)} compacted spccimen, Wi, ~g

WD—CS

il

i

1

Y W-CS

{1 +w/100)
208 gm

{(1+11.51/100) cc
208 gm

1.1151 ce
1.86 pm/cc

Yoes* Vo
1.86 gmicc * 2067.86 cc
3846.21 gm
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8.4 Stress - Penetration Data
8.4.1 Stress on Piston, O (Test for Penetration = 0.25 mm)

O, =  Piston Load Dial Reading * Load Ring Constant

Area of Piston

PLDR *LRC
Apiston

(115 div) * (25.366 N/div)

i

(1936 * 10" m’) * (1000 N/KN)

2917.09 kN

2
1.936 m

1506.76 kN/m2

8.5 Determination of California Bearing Ratio (CBR)

8.5.1 Bearing ratio for 0.1 inch penetration, CBR,,

CBRy, = (G kN/m')* 100%

6900 kN/m’

5300 KN/m" * 100 %

6900 kN/m’

7681 %
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9. msihlldau (Practical Uses)
9.1 A1 CBR 12vAuusiastlingo limwuaguaidsesduatniaigg Sunansiazd
» 1 - 1 - -
fuuiea¥e ounludufiuny, i’uﬁqv‘fumq(Subbase) wiatuiun14 (Base) Mutieriingasiu

I - » ﬂJ
ﬁmm:ﬂunumﬁﬂnuuu AAT1N 10.6.2°

CLASSIFICATION SYSTE)M

CBR General
No. rating Uises Unitied AASHTO
0-3 Very poor Subgrade OH, CH, MH, OL A5, AB, AT
3-7 Poor to fair Subgrade OH, CH, MH. OL Ad, Ab, AG, AT
7-20  Fair Subbase OL, CL, ML, SC. A2, Ad, A8, AT
SM, SP
20-50  Geod Base or GM, GC, SW, SM, Alb, AZ2.5, A-3,
Subbase SP, GP A2
> 50 Excellent Base GW, GM Ala, A2-4, A3

ANTI9N 10.6.2 ATMNANNLSTE9AT CBR AUN17 19911 (Bowles, 1992)

9.2 A1 CBR gunrn gl ssTamiluniseanuuuaaumunaaanuuataeg (Flexible
Pavement) IaeinnsimmumaAINMLI91N Design Chart Wiaaan mumAn Subgrade Modulus (K)

- : - J
109AuR AT FEuFeude 1 lunresnuuuawAsLTe AauandlugLlf 10.6.2

1 T T\ L™
| RESISTING VALUE-R

20 | | J40] 3¢ 55, 69
FODULUS OF SUBGRADE RSACTION-XI ppi
100 159 200 250 300 400 5¢0 60p . OO
L] 1 13 L 1 L 13
} i | r_alll

BERAING VALUE psi
(D 30-in.plate,0.1-in.deflqctich)
10 20 30 40 50 |60 (70

L
Y

¥ L]

T
1

t 1
csxi?onmzx BEARING RATIO- (BR|%
I 5 678810 17’?0_25'30‘615'30 g

g‘l.h‘r'i 10.6.2 uaMIAINANAULIZNIN CBR, K, R uaz Bearing Value

(a3, Arwandl uax Us=iy, 2525)
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10 landnmgay m’miﬁugﬂuﬂﬁ'amiwﬂam

10.1 V5% qus-1iw$Ha Civil Engineering Consuliants $18 uSEN3MNsAUTYT TAsams
eonuuuAsads Taswwauuseuunineduusas Inswvamysysel 1918 158 a5193
Highway Engineering Testing Services 911 ‘?Qﬁﬂl‘lu‘fﬂuﬁyiuﬂ'ﬁﬂﬂﬁﬂ‘u California Bearing Ratio

(CBR) Test W saionmisdwuziilszaoumsennuuu Insadoouus

flszguusin as1sa $ifa Tdveunnelfueialfae Srans Tosweaniin ngan
Asuduuzib lasagy (wfoufunanunana, sketch AN, HFBURAITIMSA LIRS ZNBUMS
Tidedamiu mavidahozdliio g @ 191441051] dWMFUNTNATDL CBR test ifip
2181 narue (presen) Tins snutlszdiufiuitn qus-tading $189 fanwauls

o
fano 1alit

10.1.1 A1 CBR fivo 157 uazius Yol luaussa (practical work) 0619'157

Aa1t Aiv AL uRoUVDIAU “luﬂmazﬁﬁugnmuﬂuﬂ?mmﬂﬂufuuaxuﬂﬁmum\iuﬁ CF
nAReUT Optimum Water Content iHuduna) aunsaldmmuaguanifvesiustiiensng
FunngAsel¥Fununeadieouy lususuo, U5 DIMUMA(Subbase) HEDIUAUNI (Base)

Hazmus ﬂiﬂﬂﬂﬂlmﬂﬂﬁ'ﬂmuﬁ]@i DUURRON

10.1.2 i1 soaked 1A% unsoaked CBR fieez157 (10 azimu) wazth 114y Toed Tdmiloudu
waz/mie uana19fiuetls? (20 AzuuL) onsoonuuum MU TAs s d1aRums
(embankment) Y94 105 9 IOUUT UMM VINENSUTAIT Tnewamysysal A2519A1 CBR n3o
soaked CBR 1150 unsoaked CBR 1179 stress on piston EL) compactive effort ) sensitivity 139
capillary fringe? (10 AZUUU) 1512116 1A7 (20 AZUUY)

ADU A1 soaked A0 JEMSNATOY CBR WL fon A1 CBR ifaduasaluauy
ms1ziuqadu1fuszﬁu1f1“iﬁﬁuazqqfuﬁﬂﬁﬁunuumaﬁ'auﬂ?aﬁmuﬂag‘lﬁﬁ aau

unsoaked ABN1INANDLUIN
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Test 7 Rubber Balloon Method

1. @NATRNDY (Reference)
1.1 American Society for Testing and Material. Annual Book of ASTM Standard. 1995 p.

167-172

1.2 Bowles, J.E. Engineering Properties of soil and Their Measurement. 1970 p. 103-112

1.3 93703 1% 589, Animal TAntng wazis=il manan. UsfinaAans. 2525. wiin 81-93

1.4 dows AAARTAN]. naaanlgRinaAaans. 2541, uti (13-1) - (13-17)

ar s - A
2. aQLs=@IA (Objectives)
WamaArr s A uauN (RuundaviaRuRNnINEsTHT5) 19eRT Rubber -

Balloon Method

3. MAnMS3 (Principals)

Rubber Balloon Method 10138 n13%1 AR NWRILLINIE9AUUAER LugunduAe i Sand
Cone Method Tntiandaudnlumsneaeuadreiufia AnumuiLtiuresiy, p azmANTMn
vosAulwAnAuada, M msfoaLfuns wmuquﬁmﬁu, Vi, 1N ATNUANFNATEMNG
Rubber Balloon Methed 17U Sand Cone Method ﬁﬂﬁ’h"ﬁ"ﬁfmlun’limlﬁu']ﬁ?ﬂlﬂduqu%&ﬂzmﬂ
LAzIISINIE e ummasesendalfauanngnensiiudaanlinndounusedoinly
uaﬂmLLﬁ’wmLﬂ?"mﬁﬂﬁqlﬁﬁﬂwaﬂﬂu.ﬁ'qg}ﬂﬁmﬁum‘lﬂ'lugﬂ‘fﬂqmq uazluaasluugunas i
ynlHldRuAy auﬁﬁmm‘lﬂﬁﬁmuﬁiqﬂlﬁﬁﬂlugﬂiﬂamqé’ﬂLtuuﬁﬁwﬁwqu INN1TBUAR
UTNATDEN m‘?mﬁ@wmmm:ﬁ“ﬂmmﬁhﬁmmmﬂwquiﬁgnG”mm:u.ziuﬂ'l?jaf}"ju

BHmspenan = sziuindnudniunsaimds - ssavtidulindinaniasusn

(W, —W,)
Pr ¥
Tne p- = anuwuwdlen
W = wavesiudlenniennsedes
W, = wrmveensdey
v = JINAreeuguge
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fauNIMadaLRssasnAlfuLiAt LR RrRenleann rubber balloon apparatus W@eriaw

TAsnsnasaauTukLUWEaRY (mold) InsuaAiunaratnauntiuin
U

\Y
cFo= —
'
FVM
1o CF = AFuu (correction factor)
v = UFNRSWLLUA DAL
e = AnfFunshasulaainiaTasdagnileens
Prowsion for Lty
ond Holdng Conciant
Exlernol Pressure or .-—".—-‘-‘-‘.'.‘.7.:;'.'.'::.:.:..—1
Vocuum -~ i

H . Coltwaled Yessel
b

15
! o} — Volume Indicater
, =
': — B

Contoined Lapse — 32 =" R
r? _—
- = |, Tiy B
HE A 7
£

rm Areh Sodibes o - { -— Bose Piate,Either Fized or
= - b - Rermowotde.
= 1]
" - 1 Ay

! N
\ Q s« r“——--— \(?
Ay = B L il e e )
-.‘ I;-W
Frat Test Hoi-c R i Fruble Membrone
_ I-! {Rutdrer Bailoon)
o)
i
‘\g j —-VmI 12 be Filled when Externo

Pritord 5 Apcdwd

Cortail of Typeal
Broye Plate Resess

gﬂﬁ 10.7.1 nnedeU Rubber Balloon Method (ASTM D2187-94)
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o
4. finsal (Apparatus)
5.1 balloon density apparatus
5.2 ipraedariindsliaziBan 0.1 nf

5.3 Aqaziu Aau Taudnfu wlsetinfiu nrzilagldmn

5.4 \@19U {oven)

8ALLOCN
DENSITY APPARATUS

y o
~ - - Gradualed
d cylinder
{hrecs reading}

/4

! . y i

Carrying l'
nandgle

Pump
control
valve
Base
emplate

ol I e

717 10.7.2 ainsninmmragy Rubber Balloon Method (Head, 1992)

u
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5. 36nsnAand (Method)

5.1 nraeLdELwTasilanada (calibration)

MUHUMIANUALINU (base plate) BIUUATIVIS UL 1182219 rubber balloon

apparatus 111 bage plate Jaldwod .

¥
Y F A

o ¥ ¥ [ 1 ¥ ar o A A
anaa Bnsznhzoamuihavaondiuanal naasoalisuaited

¥ ’ E )
aszithgonvwhlunseuenuiaiiga TandwazenlSumsihisiaven

USinas Tudinsdlu v,

Tana1 ndunszithzoandrfvasznhzosgagnlilsorath i tunszuen a

Nd0ntA5 4110097210 base plate

' ' =) ¥ .
TNUHHHIANHHUBUUAIVUUVV A AR {mold) 11i12719 balloon density

apparatus 841U base plate

Y

a 1 [ o = o :
dlangmdrnduasznhet¥dnuthavdatund ndrfunszuhzeorsaumitas

HULMARAY (mold) DIszAuMIga udImUTIRs dudnldfiiiu v,

/

Aandwdindunsziaheos Guaszaheaagnithonsaondr il lunszuon

v oy ot ol &
Elﬂ'llllﬁﬂﬂﬂ:l'lﬂ? meuuaeu 2 — 3 asd

'

e AU IR N IMH 199520 (correction factor, CF)

7111 10.7.3 FumeuntsasuifieLAiasiie (calibration)
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5.2 nsvindau

wTouAUN Iz Ay IR LB BUNAIMMHUHIANUMHILUY (Base Plate)
1 ] Ul ' 3 o o
uazpenazifaliniu donsznhzmaldduhasdoniuna,

i

v
-1 a

L | o :-ﬁ Y J 1] T =
Alanal Tunsznhzresuszdmbiladigauaiianas oumilsunas

tufimdiu v, Wlandwdndudmnszihizeans SunszsnhsqaauldgnTilsnsass

2
u a1

\

A4 & ¥ ) Ve gy
UNIAIDINDDDNI N base plate !lﬁ’J‘qﬂﬂquﬂ‘lﬂ%ﬂaﬂa‘N base plate 11’711!?”-!”11—!

guinmamAuvuIAYoInaa base plate inilszunas 10 u. A3 IHAUNgUUY nAY
fumguldiSen Auhyaeenninvguiiuldnszdes i ldFaemimnin 13 dudum

o P 1 &
aumevlpsIBuan I YFY

¥

714 batloon density apparatus LU base plate ndunszihz dandudaiiy

E » »
asznhzthanifduiag lunufingquye fiususeduihdige Yandioumm

YSwas tufindiu v,

\

rdvgnTuenadiuiilifiiaus sga Tunssihzorsgagn Tikedldasmdn iy

AszusnUAMALTIAIE)

4 b
71/l 10.7.4 dupaun1maAgeL

UL
riauAReNEng balloon density apparatus Wz base plate sisamssageLlignithetmnge

il unszuenuiadariey Henmnamdsuthaasniignitheeanais
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ol ar
. dayanin lukasnaas (Recorded Data)

6.1 Calibration to determine rubber balloon correction factor, CF
B.1.1 Initial water voiume reading {(V,g)
6.1.2 Reading of water volume after fill balioon in volume measure (V)
6.1.3 Volume of volume measure (V}
6.2 Water Content Determination
6.2.1 wwiin Can (W.)
6.2.2 51u¥in Can uax (Audlen) test specimen (W)
6.2.3 W wiin Can WA test specimen HoneuUTIuEd (W
6.3 Determination of Field Unit Weight Test
6.3.1 initial Scale Reading (V,5)
6.3.2 Final Scale Reading (V,,)
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Soil Description

Location

Boring No

Sample No

Sample Depth

Project

384

Job No

Test No

Daic

Tested By

Checked By

Calibration to determine rubber balloon correction factor, CF for volume measurement

Initial water volume reading, Vg feo)
v ¢ . | (1)
Reading of water volume after ri  (c€) Water volume filling Pt
Ve (e0) Vevmae  (cc)
fill balloon in volume measure, volume measure,
Vg (ee) Veums  {cc)
Average volume of Vv 5. Vi (cc)
Type of volume measure F/o]ume of volume measure, V {cc)
Correction factor CF=V/Vim

Field Unit Weight Test No

Water Content Determination

2

Pan No.

Mass of can, W o (gm)
Mass of can+wet soil (from hole) W, (gm)
Mass of can+dry soil (from hole) W,. (zgm)
Mass of water (in soil from hole), le {(gm)
Mass of dry soil (from hole), W,.. (gm)

Water content (of soil from hole), w :

Determination of Field Unit Weight

Inltial Scale Reading, Vig (cc)
Final Scale Reading, Vir (cc)
Volume of Hole before corrected, VH; (cc)
Volume Pf Hole afler corrected, \.r’H5 {ce) f B

Wet Density,

p; {gm/cc)

Wet Unit Weight of Soil (in hole), ¥ - (kN/m')

Dry Unit Weight of Soil (in hole), ¥ .° (kN/m’)

Note: 1. Wy =W.uo-Wepo
4 V=V -V

2. W= Wepg- We
5.V, =V *CF

3
7Y 3 in kN/m' = (W s - W,/ Vjy * 9.807 kN/m / gmicc

Jow= (WW/WDS) * 100
(wcws - WC)iVH
8.Y =7/ (1+w/100)

6. p=
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7. AvatinanInagau (Sample of Test Resuits)

Soil Description Project
Job No
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checi.zd By
Calibration to determine rubber bailoon correction factor, CF for volume measurement
Initial water volume reading, Vg (cc) 335
Reading of water volume after Vot (o) 1290 Iwater volume filling Ve (c0) | 955.00
) ; Veo (cO) 1290 Ve f(cc) | 955.00
fill balloon in volume measure, Vo (c0) 1290 volume measure, v o0} o5e00
Average volume of Vi, 4 5 cc) 955.0
Type of volume measure Volume of volume measure, (cc) 943.6
Correction factor CF=V/Voy| 0.99
Field Unit Weight Test No 1 2 3 5
Water Content Determination
Pan No
Mass of can, W, (gm) 123.8 121.8 115.2
Mass of can+wet soit (from hol Wgys (gm) [ 20254 [ 2027.3 1907.4
Mass of can+dry soil {(from hole W,s  (gm) 1963.1 1942.7 1796.3
Mass of water (in soil from hole; Ww1 (gm) 62.3 846 111.1 o
Mass of dry soil (from hole), ~ w,. (gm) | 18393 | 18209 1681.1

Water content {of soil from hole] w°

Determination of Field Unit Weight

Initial Scale Reading, Vie  fco) 340.00 335.00 330.00

Final Scale Reading, Ven (co) | 123500 [ 1315.00 1200.00

Volume of Hole before correcte v, (cc) | 895.00 | 980.00 | 870.00 -
Volume of Hole after corrected, VHS (ce) 884.33 968.31 850.62

Wet Density, P (gmicc] 2.15 1.97 208

Wet Unit Weight of Soil (in hole) g T7 (kN/m3 21.09 19.30 20.45

Dry Unit Weight of Soil (in hole), g .° (kN/m']  20.40 18.44 1918 |

Note: 1. Wy, = Wewe - Wepg
4.V = Vg~ Vig

2. Wpg = Wpg- We
5.V, =V, * CF

3 3
7.g i kKN/M = (W - We / V), 7 9.807 kKN/m-/ gm/cc

3. w = (Wi / Wpg) * 100

8.

pT = (Wews - We) 1V,

8.g,=g/{1+w/100)



A

8. ARLNINITATUIN (Sample of Calculation)

8.1 Compute water content (%W)

%W

Y%w

1

1

I}

i

li

mass of water

mass of dry sail '

Wiy

WDS

(mass of can + wet soil) - (mass of can + dry soil}

*100

chs i WCDS

20254 - 1963.1

62.3

(mass of can + dry soil) - (mass of can)

WCDS B WC
1963.1 - 123.8
1839.3

62.3

1839.3
3.39

*100

*100

am
am

am

am

%

8.2 Volume of Hole before corrected, V, g

VHB

Vi

= (Final scale reading) - {Initial scale reading)

= (volumeof hole before corrected) * {correction factor)

Il

VJR - VFR

1235.00 - 340.00

895.00

8.3 Volume of Hole after comrected, V.

Vg " CF

895.00

*0.99

cC

cC

cc
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8.4 Volume of Hole, pT

)

i}

(chs B Wc:)
VH
2025.4 - 123.8 gm
886.05 cC
2.15 gm/cc

8.5 Wet Unit Weight of soil (in hole), 1+

L

YO

= (Wews - Wol £V, * 9.807

(2025.40 - 123.80) gm

886.05 cc
21.05 KN/m’

8.6 Dry Unit Weight of Scil (in hole), Y,
YT
{1+ W/100)

21.05 KN

(1+ 3.39/100) m
20.36 KN/m3

It

* 9.807

KN . Cc

Lo
m .Gm
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9. mshluldau (Practical Uses)
9.1 mmagaUtanInliRarsmAIA MU RILILANN kAZAMKIIE NI T IRY
ANBITHTR u‘i‘:'aﬁu'ni‘lﬂ%:uqﬁﬁﬁmﬂmzﬁaﬁﬁum
92 MmasayiienaazdRasnne AIHUL LA AT INONA NN S VBIRUNHUAINITUA
#nlusunu ity Geu funu wheAusn Tasinazgnididuduinsguseanimaaenanu
wnuiwdaanuidmzIute
9.3 M71#9983 Rubber Balloon Method Liidasintaemalyl Aeanunsonageylgianis
luamus Unsaturated uazlimunsfiufumaseuiliiinzsiiudy wiadaniswmaneldineg
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compacted Ve firmly bonded sail Toeild balloon density apparatus dsznay
3.1 MmamaseUldFuMItanFUswmFIMIRATN compacted fill W38 embankment
constructed U84 fine-grained soil w7 granular soil ﬁ‘%qﬂi"lﬁmnmuﬂﬁ‘:ﬂﬂuwﬂd rock
1i$8 coarse material
3.2 mimageutanso¥Ransnn in-place density Wa% unit weight 289 undisturbed #ia
in situ soil ﬁ'fi?'qmmmﬂqﬂmwag.,i"lﬁmﬂ'ls'nmﬁuﬁLﬁﬁ%m:udwmwmafa‘u
3.3 n’n‘wﬂﬂ‘auﬁlﬂmm:ﬁwﬁuﬁuﬁ 111 organic, saturated %78 highly plastic soil fiaq
dnnsniARsuEaRaussfulustndinannmagey iasmmeaaLianduiiasdio s
NIz AT TR N MadeuRUfet dse Ui
3.3.1  Aufidsznavulléng unbonded granuiar material ﬁ%‘ﬂﬁimmmﬂmnﬂwmu@a

=
wannuaiumgy

1
A =l

3.3.2  muiidsznaulyssdausas coarse material Afedauna i ifiundn 1% in. (37.5

mm)

3.3.3  granular soil Aien void ratio 44

u
1
= e

334  fuildoudssnauseadidnRunNaNEUSILMANAN
Tosdmivauildanlsznavsanidamuiitauialugng, 1% in. (37.5 mm) du ASTM 19

Auuztndnan sz i un1ImMAqaL 189 ASTM D4914 1Te D5030




Test 7 Sand Cone Method

1. WANFI$BI9DY {Reference)
1.1 American Society for Testing and Material. Annuaf Book of ASTM Standard. 1995 p.

112-117

1.2 29707 10839, Aswand Waning wazilsesitl AaaRaw. Usnadnans. 2525. wiin 81-93

1.3 a0W3 AAARTanT. naagslsRnamans. 2541, wida (13-1) - (13-17)

1.4 Bowles, J.E. Engineering Properties of scil and Their Measurerment. 1992

2. nnuszweA (Objectives)

WEUIAIA UL LLLTaIALNaudanTund s luausing Sand Cone Method

3. URANNIS (Principals)

nsdtAuMINiuresRuLAdR Tuauin Aenimniiingesduigaannuguluiond

e o I 2s o g :4' = :!’
LUABALTEUTDEILAN mmm?mmﬁmm&qumﬂmmumum

(wcws _wc)
y, = ——=X 9807
A
.
Tmer Y. = Anuuuawiwtlen
Wepe = Hosaaanszilasldauniusasnasiu
W, = sngresnsriecldau
g x
v, = UTNInsresAungAuquIund

=y &

Tngnsunffanamrenguitn Junmesa uas T unuinuiigagdoonsenfaou

q

[

VLALLM WO LA NN TR A UL RS LM RO HMLILUL BN T8 ATl

P = Wau
vV
el Pomp = AIIHALILHULEINTIE
Wy, = 969090 meidnasunuunsaiu
V= JTuRMeduuuuntnsiy
Lﬁﬂmmﬂ'ﬂmqwmuﬁuﬁmmqm:mmmmﬂ?mmw@wquﬁﬂﬂ%umimﬂ
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V, = W

SFH

Psano

4 d Y d ” o
wenarWldnanmessangniiaamunzanainpnfimnininnseamguiians

ar

> o ) = ﬁ‘ o o o o l'-*“ 1 4“ [ 1 o = dy
Nagail u@:mﬂmemuwLnu‘lﬂmtﬂm‘mumﬂmmm:mwuﬂgnmmmlﬂmqmmﬂumﬂuﬁmu

R3¢ 10.7.1 1um lugigeraadaiufiuasnzannunFnrreamgu

, _ | Bnsrremguetnaes | dwtnaedivetinias
TuInlungnradlniu 5 .
(Hm) (nFu)
No.4 0.025 100
% 19 0.050 250
13 0.075 500
2ih 0.100 1000

a s :" = i & Ié’ i i
dwiutuiuifiswadismaaullifefacidaunauguan lfiuesasunigiuasioan
wquanIn F9lianmnsoninlilunial{jiid e ASTM uuztrdialaaullidnimanavses

ASTM D4914 viTe D5030

4. 2unsol (Apparatus)
winslanagauuuyldnmense {(Sand Cone Methad)
4.1 Density Apparatus Usznausi graaufiouaznme
4.2 WAL LY (Base Plate) Siduritugudnasaminivawaaiinname
4.3 Ottawa Sand Waanmef HuA=IAN No. 20 tazA9AzINTY No. 30
4.4 ivasdeafindaldaziFon 0.01 Lous vide 0.1 n¥u
4.5 Aaanziu Fau Faudniu Ussvistafn nexadldin
4.6 1112U (Oven)

4.7 wuLUuAgaAY (Mold)



oy,

SAND-CONE
APPARATUS

785 cm?
(2-gal)

BASE
TEMPLATE

I_. [

‘ 165 mm——”
171 min
ASTH dimensions

Mass of sand
to fill cone and
ramplate groove

gﬂﬁ 10.7.1 'qﬂnmiwm'au Sand Cone Method (Bowles, 1992)
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5. 98n15MAaaY (Method)
anssaumwauwuLiulaldnsIensg
newinmassFasfinsasAaauwAN A (Calibrate) 104iATasile gLinsaluaznang

flFlunmaseunau

5.1 NIATIBADLRIAITHUU LUUIBM TN

r »
Falwinuiaalamseunsoo

TMeIRaIUUARLS Y @andivesnsie wdunniwasl) lasldesld
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N 4 uvl L.
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¥ ¥
= 1 winum, nivsuaznse luyia- diminwianlawiowns 1w
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2 .
nATaudn 3 AsT udAunas

AMnavInaIHITuYe s 18 1ae 1de un ae

Psaxo = Weym IV

711 10.7.2 furpumImImaRminIa M linagey




5.2 n1ATIRAALUNLMENNIe lungas

anansvlgueainisonsuiig dandimsadunsrondn

i lilFahmitnuazaatiunn 3
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7191HY Base Plate a9WU5 1R LA 10 udadwaa1d

5287 19UUINY Base Plate
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Aanawdnlaeonmold Tvaains et wBaszauNs 1

wya Tvadallan1ad
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dmneluvieimas llFaimiin
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»
Mmuzuvianiminngwlunso
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5.3 NFATIRKALNLUTUINTIE917A

¥ »
Fahmminvadamieunsoo

& o Y a s o 2
AHNYIRAIUUNUI Y lﬁﬂ'ﬂfn‘“ﬂQﬂTJU ummnmm"!ﬂilummuﬂ

o = o
1A alanan

Y

¥ 1 ' »
mihfmaslunsvesn iFaniouon Wi udni ldFnimin ozlé

» ¥
W AU NALVIA(W)

Y

» 1
( NAFeUdn 3 ASY uA A uRaY

AU ilsasvesuina

¥ » v
V = W X d501a590 0 Waivin nTuNgR O UA 1N

7R 10.7.4 fumeunimumniiunseasmn

1774 10.7.2 inmsrasdsstnuin 1 nfuiguung lsine]

=

frunlissmiasidus Psanmsaeati 90 /niu
12 1.00038
14 1.00073
16 1.00103
18 1.00138
20 1.00177
22 1.00221
24 1.00268
26 1.00320
28 1.00375
30 1.00435
32 1.00497
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5.4 Mvadal
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arnswlduianouvia i’]mﬁmmz%’aﬁmum IANTWIIUNINIW
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wazadiminld

Y

o J 3 =) i
Wuiuinaaaultiun uazeenaz)fia Base Plate Truniu

Y

1401123590019 Base Plate & 10 %, uazudanungu lavAuiiya

L 2\L . " y
asufulinya SnbminudniduaouenilosiFudnnudu (w)

\

AN WAWHUMIANUNUUNY (Base Plate) ndrdlanarlinie

L g £ o o : o g A
'lnaamma'e)ﬁszwmu 11auﬁnﬂwsw"lﬂmmumuﬂ‘ummw'nmaﬂ
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AMIUHINNUHU MU UTDIAUAIBY1INNATDY
Yo in KN/ = (W oy W)V, *9.807

Vi = W P » Wern™ Werew Ware
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71 10.7.5 fumeunirmaaay Sand Cone Method

6. ﬁTﬂgﬂﬁ%ﬂﬂluﬁ’ﬂﬂﬂﬂﬂ‘ad (Measured Data)
6.1 ndamqﬂﬁ'mﬁluuunumﬁmﬁu (W)
6.2 NP7 IULLLATAAY (V)
6.3 uaanienusmlusaufonaznme (W)
6.4 1huiin Can (W)
6.5 ﬁ’mﬁﬂ Can wax (Bwilen) test specimen (Weye)
6.6 1witin Can LA test specimen ﬁgﬂﬂuuﬁ’mﬁq (Wops)
6.7 waanseiurmluzaaufinenldon w,)

6.8 sganig vy lusiaufaudeldi (W)
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Field Density Test - Sand Cone Method

Soil Description Project

Job No
Location Test No
Boring No Date
Sampile No ' Tested By
Sample Deptn Checked By

Calibration to determine density of sand , I ganp (@m/cC) = average M gy /' V

Sand mass fill vol. measure, Wg,,, (gm) Type of Sand Used
Wauma (gm) Type of volume measure
Waums {(gm) " |Volume of volume measure,V {cc) B
Average Wq,  (gm) Density of Sand Calibratet. {y,\p.9m/cc)
Calibration to determine mass of sand filling cone, W g (gm)
Mass of filled jug + cone W,. (gm)
Mass of jug + cone, after trial W.,., (gm) Mass of sand filling coneWgrc; (gm)
Wicaz (gm) Wsrcp (gm)
Wicas (gm) Wepca (gm)
Average mass of Weeq y  Weee  (@m)

Field Unit Weight Test No
Water Content Determination
Panr No.

Mass of can, W.  (gm

Mass of can+wet soil {from hol We,c (gm

Mass of can+dry soil (from hole Wpg

(
Mass of water (in soil from hole’ v, (gm
(

Mass of dry soil (from hole), W052

Water content {of soil from hole w3 (%)

Determination of Field Unit Weight

Mass of jug + sand, before use W,g; (gm)

Mass of jug + sand after use, W, (gm)
)
)

Mass of sand filling cone + hole WSFCHA {gm

Mass of sand filling hole, WSFH5 {gm

Volume of Hole, VH6 (ce)

Wet Unit Weight of Soil {in hole)m’yT? (kN/ma)
Dry Unit Weight of Soil (in hole)  ¥,° (kN/im)
Note: 1. Wiy = Wepws- Weps 2. Wps = Weps - We 3. w = (Wy,/Wpg)*100

4. Werey =W gg - Wiga 5. Wern = Weren - Were 6.V, = Wgp, / P sanD

7. in KN = (Wigs - Wey / Vi * 2807 KN/ / gmice 8.y p =1/ (1+wW/100)




7. ABHNNAINITVIAFAL (Sample of Test)

Soil Description

Location

Boring No

Sample No

Sampie Depth

Calibration to determine density of sand , f ganp (gm/cc) = average M g, /V

398

Project

Job No

Test No

Date

Tested By

Checked By

Sand mass fill vol. measure, Wgy,,, {gm) | 1531.00 |Type of Sand Used Ottawa
Woume (gm) | 1528.00 {Type of volume measure
Weuma (gm) | 1530.00 (Volume of volume measure, V. (cc) | 944.00
N Average W, (gm) | 1529.67 |Density of Sand Calibratec gyp(gmice 1.62
Calibration to determine mass of sand filling cone, W ¢ (gm}
Mass of filled jug + cone W, (gm)| 7391.00
Mass of jug + cone, after trial W,.,; (gm) | 5491.00 [Mass of sand filling coneWgc., {gm)| 1900.00
' Wieas (am) | 3589.00 Weop (Gm) | 1902.00
Wiens (gm) | 1697.00 Wercs (gm)| 1892.00
verage mass of Wgre , . W (@m)| 1898.00
Field Unit Weight Test No 1 2 3 4 5
Water Content Determination
Pan No. )
Mass of can, W, (gm)| 387.00 365.00
Mass of can+wet soil (from hol Weys (gm) | 3282.00 | 3321.00 i
Mass of candry soil (from hok Weps (gm) | 2951.00 | 2874.00 -
Mass of water (in soil from hole WW1 {gm) { 331.00 447.00 -
Mass of dry sail (from hole), W, (gm) | 2564.00 | 2509.00 7
Water content (of soil from hole  w " (%) 12.91 17.82

Determination of Field Unit Weight

Mass of jug + sand, before use W, (gm) | 7394.00 | 7423.00

Mass of jug + sand after use, W, (gm)| 2850.00 | 2798.00 -
Mass of sand filing cone + hole Wy, (gm) | 45644.00 | 462500 | |
Mass of sand filing hole, W, (gm) | 2646.00 | 2727.00 )
Volume of Hole, VH6 (cc) | 1633.33 | 1683.33

Wet Unit Weight of Soil (in hole) v, (kN/m’| 17.382 | 17.221 )

Dry Unit Weight of Soil (in hole) v ,° (kN/m°| 15.395 | 14.617

Note: 1. Wy, = Wews - Weps
4. Wapey = Wigs - Wigs

2. Wpg=Wepg-We

5. Waen = Wepan - Ware
3

7. 1IN KNIM® = Weyg - We, / Vi, * 9.807 kN/m® / gmice

6.V, =

3. w = (W /W,5)*100
Werp / DSAND
8. o= '}f/(‘l"" w/100)




8. AaEnNINNTATUINS (Sample of Calculation)

Sample of Calculation (use data of Test No. 1)

8.1 Compute water content (%w)

Y%w

% w

[t}

mass of water *100
mass of dry sail
= W, 00

WDS

= (mass of can + wet soil) - (mass of can + dry soil)

F Wews - Wens
= 3282 - 2951 gm
= 331 gm

= {mass of can + dry soil} - (mass of can)

] Weps - We
= 2951 - 387 gm
= 2564 gm
= 331 *100

2564
= 12.91 %

8.2 Mass of sand filling cone + hole, Wgy,

MSFCH

= {mass of jug + sand before use) - (mass of jug + sand after use)

= Wise - Wisa
= 7394 - 2850 am
= 4544 gm

8.3 Mass of sand filling hole, W,

WSF H

{rmass of sand filling cone + hole) - (mass of sand filling cone)

I

WSFCH - WSFC

1

4544 - 1898 gm

I

2646 gm
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8.4 Volume of hole, ¥,

V, = (mass of sand filling hole) / (density of sand calibrated)
= Wern
TSAND
= 2646 (gm){ce)
E gm
= 1633.33 BS

8.5 Wet Unit Weight of Soil (in hole),},T

Y+ = [(massof can + wet soil) - (mass of can)] / volume of hole*3.807
= (3282-387) *9.807 (gm)(KN.cc)
1633.33 (cc)(ma.gm)
5 17.38 KN/m®

8.6 Dry Unit Weight of sail (in hole}, Yo
Yo ar/ (1 + W/ 100)

1738240714 KN/m®
(1+ 12.91/100)

15.39 KN/

[ b .
9. n1atn Ul (Practicat Uses)
g ; = =HI Lo o s o=l v o ‘: ar 7

9.1 Mmanarasiazdnaga uiui FSuN sussnd diaumuwiug N sa L wIn i
v_ o PuIvY ° [ |
Fanrushi ldeanuuudiunalivialy

9.2 Mnpasuilan1rofas liRs s A wdnrasBuR Lo iU es s R, Auidu
AIUNANTTUINITY VFRAUNTAMANITR INALAETY

9.3 MegavuitasninlnegunronasaylslugnoiusresAuiiilu Unsaturated wazls

o v o Y- d' o B = ] ] 1/ 1
wuzin N MmageuALAUR LTSI IWANINE InTizazinasasAugnRedlnsaLTRs

- ‘ﬂl [l = li‘ li' PN 4.. V e - -]
sasmuieg umguillanmafdsuuadlsiing earaasifluuasnnisduso, nsiiunrety

vinaindugunaaay
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Test 8 Constant Head Test

1. 1@NA1921989 (Reference)

1.1 American Society for Testing and Material. Annual Book of ASTM Standard. 1995 p.
192-196 '
1.2 Bowles, J.E. Enainegering Properties of soil and Their Measurement. 1970 p. 113-120

1.3 Braja M. Das(1998). Principles of Geotechnical Engineering. p. 159-226
1.4 9907 WiiBes Asand ldinlng wazdsefid aoafew. Usiinasians. 2525 wiin 94-102

2. nnulszaeA (Objectives)
iRewIAduLlsAvEnstusinu (Hydraulic Conductivity) 784Raasind@u Cohesionless

(granular) #9898 Constant Head Test

3. uwanng (Principals)

=S sl o=

- Graouated
standpipe
i " ;
. |
; | |
y
M r o - ;
o = i i
PW H i
Porous stone 3 & H
Ey =
o Drerlicnw war
=
oy
st [
r 1
Soil specimen f I C
N | o=
> i PR 3
ra i "' i - N
B IE' 1T - ‘_'_
Parous stone j i . =
il .o ;
L Y Gaf?y sper oo
SRS % e ~ v .

il S Y
Gradualed
= ask

[ SRS

T

7171 10.8.1 Constant head permeability test
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'lum?wmﬂ@m‘w’qmﬁ‘ﬁ‘ﬁtﬂumﬂmmummm%uﬁw‘[mﬂ'ﬁmmﬁumnﬂfmugwfaai:ﬁuﬁﬂu
vanauia axdnlfseAtnTeanednuasntee nilssAULANFIAet R uazudeannildes
T uaduenudoesnmGandd aunszietinnmnimaash unssuenaaanuanuoui
ATMURA

azamraAwInN i ilnedutunosfuagnssuannad fanandldsieluil

Q = Avt
ANNPINENWUS Darcy'slaw:v = ki
azléf Q & Alki)t
TneQ £ Phnanind Inaknuimasinegnadiuludaanan t cm’, m', i)
k = Fi'mmu%uﬁwfaqﬁfmﬂwﬁu {cm/s, m/s, f/day, miyr, etc.)
i = hydraulic gradient = h/L
h = ANNLANITBIZALT {Head Difference) Tuga3Annenansiin L
L = AL IBIAIDE AU
A = FufmiFnea et AU Iuadutiiu
t = USRI VAR NI LRNAMATUA LN LR WA
azld Q > AkhtL
k = (QL/ARL)

4. finsal (Apparatus)
4.1 uEsBTeNARaLR ST
4.2 NTXLANNARALNITINENY (Permeability Cell)
4.3 nT=URANAN 1000 cm’
4.4 U RNEUIEN
4.5 Uraningouuni
4.6 N8
4.7 mﬁi’d (balance)
4.8 aein

4.9 nztladldfqatnemy



5. 38MaNAaad (Method)

5.1 MIETENFABE AU Cohesionless (granular) soil

¥1lS1asvoIns suoNNAAOLMS FUMIU (Permeability Cell)

\

v ¥ dl
Fanniminueuns1en ldnaasu

Y

ATUUMITIAIUHULUY (Density) Yoauns1eh linaaeu

ATUMUMUY P = WV, glem’

WU

< 5= =
] Il il

gtiit 10.8.2 fumeum siATaNFYRENRL

ATIHULINIUTBIFAIDE 19
NIRTAIFNBEIAL

3
permeameter volume (cm’)
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5.2 MIMARBLLULTEIALUNAT (Constant Head Test)
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» 14
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3 i 13 '
asnapudeyatvzang
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> ¥ 1 r at = Q( T
i]'lﬂﬂr'lﬂ'liﬂﬂﬁ'ﬂ'ﬂﬂﬁ 5 ATd ﬁm’smmmmﬁﬂmﬁuﬂizﬁm m'i"!‘ﬂar‘ffumu

(Hvdraulic Conductivity)

7L 10.8.3 wansfumpuNIMARELLLLTEAULIASH (Constant Head Test)



7fi 10.8.4 gUnsalvmadeu Constant head permeability test
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6. TausRinluismaass (Measured Data)
6.1 AMHEITDIFIBENAU (L)
6.2 1urihaudnatmessiatady (D)
6.3 mmmﬁqfﬂﬂ'\aﬁuﬁuﬁ'ﬂuwunﬂﬁmﬁu (Wys)
6.4 NIRTAIMULLIADARU (W)
6.5 Constant Head (h)
6.6 19a1 (T)
6.7 i vatiussaAusaatwligonoan (Q)

6.8 anuund (1)

Sampie No Tested By

Sample Depth Checked By

Specimen Data

Sample height L (cm) Mass of mold + so W,,g (gm)

Sample diameter D  (cm) Mass of mold W, (gm)

Sample area A (cm?‘) Mass of soil WS (gm)

Type of sample Density of soil p (t/ms)

Constant Head Permeability Test . Constant Head h  (cm) 87
Trial NO. | Time (sec)| Q (ce) T(c) | Trial NO. | Time (sec)] Qfcc) TCe)

Average values
Hydraulic Conductivity, K1 {cnisec)

Note: 1. K= Q"L/(A*h Time)
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7. AratseanIsmAdau (Sample of Test)

Soil Description Project
Location Test No
Boring No Date
Sample No . Tested By
Sample Depth Checked By
Specimen Data
Sample height L (cm) 20.3 Mass of mold + so W,,s (gm) 2984.2
Sample diameter D (cm) 7.6 Mass of mold W, (gm) 1427.3
Sample area A (cmz) 45.6 Mass of soil WS (gm) 1556.9
Type of sample Density of soit P (Ums) 1.882
Constant Head Permeability Test : = Constant Head h  (cm) 87
Trial NO. | Time (sec)| Q@ (cc) T(c) | Trial NO. | Time (sec}|{ Q f{cc) 1Cc)
1 180 775 23 180 775
2 180 772 22 180 772
! 180 761 22 180 761
4
5
Average values 180 769 22

Hydraulic Conductivity, K (crmiser ~~ 0.022

Note 1 1. K = Q*L/(A*h*Time)
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8.

8.1
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AaBtIINNTAUAN (Sample of Calculation)

Sample area, A

A = {Sample diameter)z

cm

1
b= |
1 3
~
(o))
8]
s

8.2 Mass of Soil, Wy

Mass of so = {Mass of mold + soil) - (Mass of mold)
We o= Wis - Wy
= 2984.2 - 1427.3 gam
= 1556.9 gm
8.3 Density of sail, P
Pt Mass of soit

Volume of soil

= A
VS
= 1556.9 am
(45.6 *20.3) om
= 1,682 gmicm”
8.4 Hydraulic Conductivity, K
K = {Volume of water collected) * {Length of specimen}

(Area of soil specimen) * {Constant head) * (Time)

= QL)
(A*h*T)
= (769 * 20.3) cm
(45.6* 87 * 180) " sec

= 0.022 cm/sec
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a £ .
9. msunldldnu (Practical Uses)
1 =) %’ -l o e -t dl - o ) ‘:“
Aayduhasiinnuduiuiiuilasodurasnudesalil
9.1 TwnALazgimeiaR (Grain Size and Shape) Imel Allen Hazen 1tauadnlu
NMEUAZNTIR AR INTNTNaITed U RS UswIAdRAl
' 2
k = 100 Dy cm/sec

e D,

I

-3 4. le‘ o <& ﬂ: o 1 i
sursdimiiadl 10 %inetimindudafidnndne) (cm)

9.2 AUWiALaITRIMaT HTuEW (Viscosity of Pore Fluid) daulunazinandasiun
-1 P ¥ o w o o - 2 e
Wit Rsliaountingeuiiatatlfauulaslmissanguugil lapifnasimenmnumiiai
= o roa o Atk =2 2 o n3d - [y
gl 20 %c iluinnuet fiegnungfigatiumanuniinacanasdniaidaunseduriiuliing

o J 4 %’ oy e d' [#] = o =l
ﬂﬂﬂuﬁuwuﬁﬂﬂdﬂﬁﬂQﬁuﬁuuﬂ o '@m\aqumﬂmm 20 Tc Hedu
K = Kz - Mo
N

\iia NN Huaruvilazeainfigruugl 20% uaz Toc mudsy

9.3 dntdruradteedng (Void Ratio) i lunteuaiy trazaisnseluslagzainngd
NIBgANUU
ANUFNAUTIBIAIANT NN L SRTdautesing

3
k = c. e

1+e
9.4 AMRNFNTBINIRAY (Degree Of Saturation) AnmwaAinshaaewinazdiuALA
Aur (Saturated) Milesnanuaiuliiausa asfivasaanadugesding in It wadulyd

dzman e lunmvmaseadauandaedausun il

9.5 Aranui A NREIRUALNITRR RN NGANTIHI AU IEBEN 1T 3T
reuhffiudnlaedeudiu, Auiuasresaindou Aferteaiuussiusaainialuiideu,
gRTININAMTaITuRuAIiaf NIinaasdniasaieanang mutianuiuasus s Tuonlm

g 1 = A . e
Twadienyaienaairagiumn vay



Test 8 Falling Head Test

1. 1@NA9R1989 (Reference)

1.1 Braja M. Das. Principles of Geotechnical Engineering. 1998. p. 169-226

1.2 Bowles, J.E. Engineering Properties of soil and Their Measurement. 1970 p. 121-127

1.397n3 19Ges 39wt Tedn1ng uasiseiiy snudeu. UsingAarys. 2525, uti 94-102

1.4 g07Ws ARARTANY. NeasulyRinamans. 2541. wy (10-1) - (10-17)

2. 5’ﬂqﬂ€zmﬁ (Objectives)

WwamAdnUssAvBn13%ueu (Hydraulic Conductivity) 9846MaEiNRWiedE Falling Head
Test

3. %AaNM9 (Principals)

Tuminsaanaslszaininluviess (Standpipe) Tnenlaaesinlituasitusnagnedin s=imning

ARAIRZIUANTUBN NI TALTHIILAT A NAUUATINTE AR RND8 195U

r
dit § - 5
5—‘
i
Stand pipe AN AR T
e i
&
Porous I
sione -
Soil 1
spccxm(il-'l-.‘ '3 é :\
e
Porous ’
stone
A

31171 10.8.1 udnMs184 Faling Head Test (DAS, 1998)
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3903 10.8.1 Wadsaslviinluvas (Standpipe) twatinushatnsdusuldAreiuaasngs
h, Viduiinuanidu t = 0 uazddeeni nadudeswauluszaznan t = t, auldszAuanugy
veardni h,

AR3N7 e TNreNEN Ut RuRTEa LA t arunrnd@ewiiuaunisissieil
dh

= ki = _gdn
q k L/3\ adt
fneg = dnminmslusresndudu
X 4. o -2 _
a = AWUNWIIRRD29999N8F4 (Standpipe)

L.

24 = o 1

13 [
A = NunviaeessHatNAuRUN Inadue 1y

L

t = 08 Rduszudnanenass
h = 22AULNRSATEUINYARE
k = Avanudntingassiedafu (cmis, mis, fiday, miyr, etc.)
L = AINEYI989F0BESAL
aeld Dt a—"[—ﬂ]
Ak h

AMNANNT BUFINAANN INFUENEF 0L TALENLSINAIRIN T = 0 T4 T LATNINAIUTINGNE
TEUIRTBIAIAIINUANAINTBITZAUUNAIN h, T4 h, Al

i hi
t = B2 L
Ak 9. ha

il

- L
h 2.3031—l|ogm%

4. qﬂn‘itﬁ (Apparatus)

4.1 upassfienaaeunsiuriy

4.2 NFEUANVMAAAUNTTTNENL (Permeability Cell)
4.3 uRNIELII59

4.4 UseningouugH

4.5 N3

4.6 Fl'l"ﬁ'd {Balance)

4.7 aedn

4.8 neztlasldanesinamy
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Cop with » rubber —.C"‘*\_
balloon for long ~ .4 £ Buret o' zrass sectional
duration tests. ||

T ooy b aren a Burelle
AQCESSAry on
ewl alse ; IR |
% E .,-.!’,.rﬁ gl
-t g .1+ PRubberlubing
; 33 4 R L
tr ]
Airg stand E

] ] i
‘ 1 Hose C‘amp \\
4, Tast moid \\\ i

i

‘ \ Porous slane

i L rermoved rom bate

Rubber tube and tube \k
2lamp 10 cornect 0
ket o samae —g- A

)S
| v, Cap \\

=y I Ortice
A4 CoNect water to see i
{ e i e

RAubper gaskets
for seal

Qutlel drain hose

71/ 10.8.2 gunsninmaaw Falling Head Test

5. IEMENAaDI (Method)

5.1 phatanageLuaumnen

thadeeauivedldaslunszuennaaeunisFusig (Permeability Cell)

y

JadudmguinauazAILu1vBIBoNEAY niauturninmin

7% 10.8.3 TunaunawuusaatRLaRumiien




5.2 ManpgauuULTEAUYusulas (Falling Head Test)

> - E >
hdedAumnassmminduazimieon Aamih 1 lvadimadudia

_auzBEfuNs S0 IMABD AN HABULUVBIAIDE1IAU

{

Tarpammaaunsziialufideosemandifadlandlszuiei ndvevenla

b ¥
W Tvamad msugdlszuiotieeamedualsau lulidesnireandnia

Y

mndledeunaasuiudumiiviniedugninda Aewldaodiega@du

Mepnietaton 12 %1 Tus uadmsvauns wannsonaaey 1A

f

o ol Y 2 o >
szANING LAY (h) A umanihiean TauSuuna Tuwdoudu su

53ANII0RANEDA b,

/

»
o o 1

» s
uinnanthiiud uaziaguuglveuhlanhiEiuadiaios 5 ash

No

s »
naaeuEafuataion 5 A3
Taudayavzdaslun/aounlas

1Imin

> » ) ' o .
NAMMSNATOUN 5 733 AuImAuRdumdulszansns lvaguriu

(Hydraulic Conductivity, k)

717 10.8.4 ugasiumsumamaseuuuusyiuditiaulfen (Falling Head Test)

414
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6. daysfiinlutiamnans (Measured Data)
6.1 AMNENITBIFIBENIAL (L)
6.2 ifurnAuINA1MRIFREIAY (D)
6.3 woRTBIIDEt AU 779 IUHILLABARY (W)

6.4 NIRTAIWLLATARL (W)

b o |

6.5 AURUTNFATDIVaRa (2)

® 1
| 8 as

6.6 TAUUMETNANALLNEN (h,)

]
=l

6.7 TTALNNAUAANITILIA (h,)

5

6.8 1281 (T)
Soil Description Project
Location Test No
Boring No Datc
Sample No Tested By
Sample Depth Checked By

Specimen Data

Sampie height L (cm) Mass of mold-+soil W,,; (gm)
Sample diameter D (cm) Mass of mold Wy (gm)
Sample area A (cm: ) Mass of soil W, (gm)
Type of sample Density of soil D (t/m3)

i Areaof standpipe 3 (cm)

Falling Head Permeability Test :
Trial NO.| h, (em) | b, (cm) | Time (sec)| Q_ (cm) | T(c) | TrialNO. | h,(cm) | hy(cm) |Time (sec)

Average values

[
Hydraulic Conductivity, k  (cm/sec)

Note:  1.k=(2.303*a*L*log(h, h.){A*T) 2.a=Q,,/(hy-hy}



7. ANRENNANTNARAL (Sample of Test)

Soil Description

Location

Boring No

Sample No

Sampie Depth

Specimen Data

416

Project

Test No
Date

Tested By
Checked By

Sample height L {cm) 11.6 Mass of mold+soil Wy,g (gm) 3074.9
Sampie diameter D (em) 10.2 Mass of mold Wy (gm) 1525.1
Sample area A (sz) 81.7 Mass of soil We {(gm) 1549.8
Type of sample Compacted soil  Density of soil P (t/m3) 1.635
ralling Head Permeability Test : Area of standpipe  a (sz) 1.7
Trial NO.| h, (cm)|h, (cm)}|Time (sec) Q Dut(c,-rﬁ) T(Oc) Trial NO. | h, (em) | h, (cm) [Time (sec)
1 511 24.3 541 45.8 21 1 54.1
2 51.1 24.3 54.7 45.8 21 2 547
3 50T 24.3 55.3 45.8 21 3 55.3
4
5
a=(45.8)/(61.1-24.3)=1.71 sz Average valug  51.1 24.3 54.7
Hydraulic Conductivity, K (cm/sec)  0.0033
Note:  1.k=(2.303*a*L*log(h,/h,))/(A*T) 2.a=Q,,/(h, -hy




8. FragnInITAILIR (Sample of Calculation)

8.1 Sample area, A

A = T

8.2 Mass of Sail, Wg
Mass of so =

W -

8.3 Density of sail,

. 2
* (Sample diameter)

4

T =0y

4

2
s 10.2 cm

4

81.7 cm

(Mass of mold + soii) - (Mass of mold)

WMS 1 WM
3074.9-15251 gm
1549.8 gm
Mass of soil

Volume of soil

W
Vs

1549.8 gm
(81.7*11.6) Cm3

mEEs t/m

417
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8.4 Area standpipe, a

a = Qout
h. - h,
3
a = 458 cm
(51.1-24.3) cm
= 1.71 cm2

8.5 Hydraulic Conductivity, k

k = 2.303 ak log,, b,
At h,
k= 2303*1.71cm * 11.6 om flog(51.1/24.3)

(81.7 cm2) *54.7 sec
= 0.0033 cmfsec

o v N
9. n1guliflderu (Practical uses)
9.1 il dusLnedeusnat R A d sz @nin st uruainUiunansbemsadusinesng
AUATWANN IERLIDEIA YTE AURZNaU
9.2 lumanedauauusziviiuwlnUany (Faling Head Test) fnaaaufiumangnsfiuilian
dussBninsfudusnnn dushednsdiuuadn, Awuian inlkBuuigueiudteaiul
e .+ P o ol AN . 2 a4 = o P v 2
ARRaNIn siuun lue i assauth AdnAsuut aetiee el liA1g1uiiesnaaiasiagld
.=.- ¥ - . ¥
srazna el Yinnniifiazszie sanqainuaenazianndiaisuiuiuinmn g
- - . 4
wWanuulasdie) fulugmgivininan1smasedaainiazau
wunansufitadowiiiley 2 Ussnsdail
1 3 o - 19 2 H
9.1.1 anuana i duludeasdininimaseull e liliinsssmanesn

. 1 . b
9.1.2 Aguilanefidlnraeviasasingene (Rubber Balioon) 1&n daguil 8.4 usiiinasviass

fedslaiasidunsdpenisivatesn
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Cap wilh a rubber

balloon for long Buret of cross sectional

duration tests, area a
This may be
necessary on
exit also.
= 3 _af h
; , )’ k= At I I
—ddh
- Ring stand 3

Rubber tube and tube
clamp to connect
huret to sample —]

=y
Collect water to see it
Game = in

71171 10.8.5 Anwuzmsaguanaviesedineens (Rubber Balloon) (Bowles, 1970)

-

10 JandnagauanuNugIUIRIMIMARDS
10.1 lugrusiivudinansaunanlszdlofauasuenianmadaus @i zax
dmfudneusiugore i

10.1.1 AunieaAsanw

»91 Variable head #3a Consolidorneter

10.1.2 Aunge

A8l Constant head

10.1.3 Augnivundn

A91 Constant head T ldpusmudadon

10.1.4 funlisnuasn

#91U Constant head V78 Consolidometer




Test 9 Unconfined Compression Determination

1. 1@AN#1581989 (Reference)
1.1 9303 WiFaa, Aswand I9fnlns uarisyiid maaiden. UsAinamans. 2525, win 113-
122

1.2 s07ws gAARANE. neasalsRnamans. 2541, W (11-1) - (11-14)

1.3 American Society for Testing and Material. Annual Book of ASTM Standard. 1995

p. 162-166

2. iUsRIA (Objectives)
INENAABLNIATLTAUADY (Shear Strength) 389RMTIEY (Cohesive Soil) nuulifiviiag

kreAudnaNAnTEN

3. MAnM9 (Principals)

mMmagaL AR ILa i e sRuda et unsdiT TR wwie (Cohesive
Soil) gmnsonaaaulfsating Unconfined Compression Test Ararilifiesusanmanizly
i urarliflanadvReusdataa nadudnare aatnaiiu Taanimases Unconfined
Compression HhdEnsunA sz dasadumieisauwarAumilatunans (Soft
ey Medium Clay) neindszeeiu douivgiasiinain 2 tlady A 1. Coheion, 2. Friction

InsAannasA LS TItaIR Y AN TDLNUAIBANNIT Mohr-Coulomb il

T = C + Gtand
fa 71 = AT uIRIdaRE IR
(&' = 153 Cohesion
c = AIAINLALTAIAIDENIRY
tanld = AndurlseAnaTaauss Internal Friction

melsiuganafinszinlunatdusana At tanld essdumieafignnassiidtasning
end=0 ali 1T=C

d', 3 } L] 3 [ » = =l . kg
LATINEUIAWUIUTNNTENABATARINALNNT S Mohr's Diagram Azl
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Al = a
LM
Y ]
t = o
!
Terimated ¢
ﬂ * &
0 o, =4 o

~

b—

7U7 10.9.1 Stress uaz Mohr's Diagram (19903, AsWml uay 1seiinl, 2525)

LT
"AnduiusaTaniaseesfiumilen (Cohesive Soil) Urznauludng 2 dou As

Cohesion uAAuudisunfifiaanesmanan19Iifl - (all (Electro — Chemical

Bonds) T2 NIHARY
Friction 1inannisfasnesailnfu (Particle Interdocking) wazAUEATEWINAMaUAA

AU (Surface Friction)

angaziiulédn T = (Estimated) C = 2= F‘E’E’"
S o, o= ﬂ'ﬂm'mLﬁummﬁqaﬂwﬁuﬁqﬂgaqmﬁqé’wmﬁu
F, = wrINARageRinTsinAamatinRu
T 3 FuiwidaewnedAuensiiinimani

nfaya8IAIAINAL (Unit Stress, O) uAZAINITUARY (Unit Strain, €) Minauiy

aﬂ

ptALMAINIINe axgninitwasmdunwuanianduiug degd 10.9.2. uarande

% Graphical Solution Tuniswidn o, et ltidau Mohr's Diagram Afinanatngsi
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FOR
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PROJECT__ ERErY EMBANMKIMEMT DUNER Ko e JOB NO.
LOCATION _ BWMGKHEN BORING NO. B !  SAMPLE NO.

2/3

I-/

TESTED BY KHTTISA K DATE Lo Juves Lo
4 5 . i
o, —1—O-O - '
i “SERIERA N 7
35 oL, ULDISTURB£D SRIALE
A * |
£ 7
B 4
X / e | E 1N Ny LR
N 25 / SENITVVITY yes) CowbrnsEp
o # - ves| crEmocden Y|
L7 : H \
3 m | 28V2 L2y | G
w1l 20 c | 2340 |
5 YW B i
JLUR DU N | S R A D DT DI [ T . ll i
5 / . b F v
g, /5 ; i . i i '
/ _ are
! 2 F,.D—r : : = : L
B 1 Rk .
; é/) A 7 pratzr bipke ||
5 l : ..... . i _ : ,
F i : v - : :
....... o 'l .;ll. : ;.
‘ ¢ ,:iﬁz : it
o o b I
Q do 4o g0 & HOPo: Mo b spot apoide L]

7U% 10.9.2 Ao uduugaes Stress waz Deformation (33107, AsRRnl uay tseiiyl, 2525)




qﬂnﬁrﬁ {Apparatus)
41 witaanpfnatn By {Compression Device}
4.2, 2aumudanad (Proving Ring)
4.3. wnswiiila (Dial Gage) 81uazdnm 0.01 Had 1A ¥Ta 0.001 b
4.4, gunsolusiarnasiiafiu
4.4.1. nazuaniuil (Miter Box)
4.4.2. Reeduain
4.4 3. lasasinusssnaeinafiu (Trimming Frame)
4,5, FI’]‘ﬁl'd {Balance}

4.6. /7180 (Oven)

917 10.9.3 1ATBINARALNIAY (Compression Device)

423
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2% 10.9.4 mlnsniusiesiaatinamiu

5. A8N1SMAREY (Method)
5.1. MAFITINFIBEINIAU

5.1.1. ANRLNIRUAYANIN (Undisturbed Sample)

fauasdindieg Miduzinsanszuen’ laslfidendunin

HAZIASDIAANAIAIDENIAL

f

¥Rz uenuYY (Miter Box) nuvriudedalumsvzda

Fuauazduuvesmenadu i ldanusaundeans

’

IavnavedlednaufInlesii Tasanugenisinedn

1oy 3 MisoudI0tle nasdurhguina1vindiau a1 a1a udam

g ar Ui

Ta1eRIeg19RL ey lunuagudnaisvewInaYng udo

o y o = a & v d 2
i DialGage Jamynad2 Iiidnd TauSudsmngud

UM 10.9.5 mawaTensiaatBuAANW (Undisturbed Sample)
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WHIELIR
2 o Y a = o
madinusisRulnelnfazdiaunnnsg il
mnnduuguanans, 99 ANgeresiudagng, a
1.4 28-3.0
2.8 ' 56-6.0
ANgITaIinatiefusiaaninndd 2 wiheeadulinudnans vietdie lseadeu (Failure
Plane) ifnludanfiauwitedidnszesdtetiaiuy immzazin 1idadtaRstuuudiuy

] d’ o 2 1 = ' =il
TendNanAae 1IN 1A F, fiAuannd1iadsaziu

5.1.2. AaatnaRuLREuanIW (Remolded Sample)

T¥draiaunalegnIanwn lanagow 1Wuda niari

fetiauns nvuud wmsouaniu lunss o NUUL(Miter Box)

T¥nszuonuu (Miter Box) uyushiudladalumsiezda

daumanazauuuroIioeIau i ldanueInIuidoans

Fanuesndretaaun el Anugeiastiniss 3 M

@ ]
seufetheny uazadurigudnaiaicuu pma e udamnnumae
Y

o o U = v '8 <
Sansaondu ey Tusugudnmsusaiuinailnd uda

94 Dial

77 10.9.6 namdansieeiAuLdauan w (Remolded Sample)

UNIBLNR
MIuARIRLNANAINININNTELANKLL (Miter Box) azsiaswenayliiliniaannisa)

Tudetsiulitesnan mirinrminimsinatunimassasiaatnsduilegnusng

NTeNn
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5.1.3. finaelaAusiTanan w (Prepared Sample)’

vagaau IATANUHULUEaEANUTUA LN DINS

v

AUAIDINDD N INULLF M UM IVATA 1A I NUAIATUDY

3 1 =t 1 v s
wagduaeiiG o 1A see

— ¥

1¥nszupnuut (Miter Box) ubur1udandnalunisiiozde

#aazdupnyaweau i ldanmemundeens
1
¥

o ar L= ] ar ] I
?ﬂ%u?ﬂ%ﬂﬂﬂ?ﬂﬂ1ﬂﬂuﬁ’]ﬂnﬂﬁ!.‘LIU ﬂ’J’IllQ'Q']ﬂE)UNﬁ?]U 3

o r ar ] o o 1 T o
TDHUATDUNY uaz’mnﬁumﬂuﬂnawmnu AN AN ué’f’;mmmau

Y

o o r = ] o a
Janaiegduidedlununguinaisveaneailng uda

29 Dial

7R 10.9.7 NsisBEMRIRE WAUATINANN (Prepared Sample)

WHIEUR

W ]

- ad =l

‘Fumrauanin fa suiwizenviainniruadaliian unuitlinLa A NF et
faani 7 IneiRgsaNARI B UNISUASALLY Standard Proctor, Modified AASHQ %7
Harvard Ministure usaza19iuiisyineesuuiadaiu (Mold) Tuszilasulyiivanzaniy

1UIANIRTFIUE WML Unconfined Compression Test
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5.2, Mivadayl

¥
o % ow 1A A
FIS’J‘ﬂﬁﬂ‘l]ﬂ'liﬂﬂﬂﬂﬂ'J’E]U"Iﬂﬂullﬁtlﬂ‘iﬂdﬁﬂ"

Y

nagIot AU TR IEERTIM s NAYDIAT0ITIBY Tug

0.02 53 0.1 Twou (Undnz 1% 0.05 0wy

TunanadeyaninIsurIuIang yaqnsuaal 0.005 19

YBIAIDENAY (13 avufnm 0.002 i1 lunsd paudeiasiuAy
\

4 a a L) v o
dlousufugagauaziiuanas WMomnade llnuiuuu

Moy (Failure Plane) YuAIBEIAUFAI U
|

Y

o

Tejildnvazmefeseieu naz Tayuhseudsuiiiu

a

HUITIVVD IATBESAY |
Y

ThfedsaunnareuLdl ez a punn sy

(Water Content) taziitdioyan1a lldmom

31/ 10.9.8 fumpuUNINAGEL Unconfined Compression Test

HEEITT)
5 — g il A A e w =
N1sasIRRaLINIRaFFnat ALz Fsadla el
S g o e a i g -
- wlunsetasdnsdudaiund 19 unes
- A4 Dial Gage M ld9pnruaRauazdnussIiiATugudinaauazaon lun1r81ua9
- nediriesfian nadunuufiavyu arl§8nen1euyw Axial Strain Rate 0.5 -2 %/
=
wh
“winiatugatussluasougag aldudafelidsres eyl Aldmasauaunisuana

fiatlszning 15 % 199AHgeFRg 1
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6. dayaNinluiamasas (Measured Data)

6.1 ATTNENITR9AIRENIAUABUNINARDY (Initial length, L)

6.2 Lﬁmh@ﬁnmwmﬁqaﬂﬂqﬁuﬁﬂumwﬁmm (Initial diameter, D)
6.3 HuaTBdsetsANiauNITASR (Initial mass, M,)

6.4 Deformation diaf reading (DL) '

6.5 Load dial reading (LDR)




429

Soil Description Project

Location Test No

Boring No Date

Sample No Tested By

Sample Depth . Checked By

Specimen Data

initial length, L, (cm) Initial water content, w, (%)
Initial diameter D, (cm) Initial mass, M, (gm)
Initial area, Ay (cm’) Wet unitweight, y ' (')
Initial volume,  Vy  (cc) Dry unitweight, v ,° (ki)

Testing Data
Axial strain rate, ( % / min} = mm/n Load ring constant, LRC (kg/div)
Deformation Load Axaal Corrected | Vertial stress
dial reading |dial reading| unit strain area on specimen
DL LDR DL /L, ot c,’ Remarks
(x10°) @ | (x10) | em) | tvm)

Note: 1. ¥,= R*9.807 KN/ / gmicc, whereas P [ingmicc = My/ V, 2. Y5 = Y1/ (1+ w,/ 100)
3.Ag=A,/(1-DL/Ly) 4. v =LDR'LRC /A ¢ *(98.067 kNim /1 ksc)
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7. AREISNISNARDS

Soil Description Project
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By

Specimen Data

Initial length, L, {cm) 10.8 initial water content, w, (%) 14.5
Initial diameter D,  (cm) 455 Initial mass, M, (gm) 38U
Initial area, A, (Cm2) 16.3 Wet unit weight, FYTj (kNfm™) 21.2
Initial volume,  V, (cc) 176 Dry unit weight YD2 (kN/m") 18.5

Testing Data

Auxial strain rate, ( % / min) mm/n Load ring constant, LRC (kg/div) 0.34
Deformation Load Axial Corrected | Vertial stress
dial reading |dial reading| unit strain area on specimen
DL LDR DL/Lg Ac S Remarks
(x10°) @v) | (x10°) | (em) | (kNm®)
0 0 0.00 16.25 0.00
50 8 0.46 16.33 16.34 T
7100 15 0,93 16.40 30.49 . -
200 — 20 1.85 16.56 40.28 B
400 27 ) 3.70 16.88 5385 F T
~ 7500 38, o 463 | Aro04 | T o
600 33 555 1 e e Y 5 3y
750 ™ 38 7y B8%4 | 1746 | 7286 | r
1000 44 8.26 17.917 7 " S
T TH200 T 43 T 11T Rl LRy T i
1400 54 12.96 1867 -
1500 T b6 13.89 | 18.87
1600 - 58 14.81 " 10.08 o o
17700 |7 57 574 | ~1929 ; i

Note: 1, V.= P+9.807 kN/m'/ gmice, whereas P, in gmice = M,/ V, 2.4 p =7 1/ (1+ wy/ 100)
3. A=A,/ (1-DL/Ly) 4.0 = LDR'LRC /A . *(98.067 kN/m’ /1 ksc)
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8. TMYAIUN (Calculation)

Unconfined Compression Test

Sample of Calculation (use data of DL = 50 * 0.01 mm)
8.1. Initial area, Aq

Ao

T * {initial diareter)”

4
7 (Do)
4
Z 2
T * 455 cm
4
16.27 em’

8.2. Initiat Volume, V,

Vo

1l

(initial area) * (initial length)

As " Lo
16.27*10.8 cm’
175.68 cm’

8.3. Wet unit weight, YT

Y1
Pr

¥

Il

1l

pr*9.807
initial mass
initial volume
MO
Vo
379.5 gm
756 cc
2.16 gmy/cc
2.16 *9.807 (gm)(KN.cc)
(co)m”.gm)
21.19 KN/m”
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8.4. Dry unit Weight, 5

YD = YI'
(1 + initial water content/100)
- yr
(1+W,/100)
= 21.19 KN
(1 +14.5/100) m
= 18.50 KN/m®

8.5. Axial unit strain (AULy)* 10_2

A IF = 50* 10-2 mm
Ly 10.8 ¥ 10 mm
= 046107

8.6. Carrected area, A,
AQSG Ao

{1- AULO)

16.26 cm
(1-046%107)

16.34 cm

8.7 Vertical stress on specimen, ov

q = (load dial reading) * (loading ring constant) * 9.807

corrected area

= LOR* LDC/ A, * 9.807

8 div * 0.34 Kg/div * 98.067 KN .Cm2
16.34 cm” m . Kg

= 16.32 KN/m-
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9. msiiliflsiey (Practical Uses)
9.1 ma;nauﬁnq gaan15@anidn1ivmaasy Unconfined Comprossion tWSZaTNTIMY

ar

AiszinnuTesshdsiuusainasae sl fegneasn uarmai uRiidiedrindwrunisidnng
nagaLtAeaza NI MnageufarnzurTlave duiitanisfamilnaun Cohesion
\Humveiazasanmlivanemageyld

9.2 Mndausnaznaneiuneldfe MetrsauiiinmageuasdadifinnsEnsesni
Tusnuziiaugnuagh uszfssasmunaninelifandfuusdnre sl filednetede
nagaUean fetasmuRausonagenld Aa Clays Wia Cemented Soils TneAudnwan
AunaLazuend e, Peats, Sands @110 N1sMA4aUAREAT Unconfined Compression
1%

9.3 WINFEEN I FUNASALAIANTN (Undisturbed) UazALILAEUAN W {Remolded)
Husadin@wRaai szt Winmese i Sensitivity #1:17007 151 uiidenlaaasns
NAAALAD ﬁqaﬂﬂaﬁwm@msﬁmmmmmﬁmwgﬂa"\mm Aaaeid luI s nAgaLAIRENY

wlasmanwls

1 v
10 Jandvingauan AU UNAINTIAGEY

- oar

Sas o= o o 4 N R o _ ar Yo 3
10.1 DATNY IAINT L5 ¥O9UTEN NAATA Engineering Consultants $1ia Tasvueunmulv

P 2

Ao amadia Anavsemg 185 wdn vl omhmhnaadoUs s uauuaz Aaa1uHans

nageuAUuTInhTunareuiag usEnATud I MLasiuA6198Y LazuTEnhTuds 1

anmgilizma

Tugruzuiensening aganoiuieWmuusihededug uatanaiinhiudhn v
Tums laadalssanunuuazuasAnmunansnaaell unconfined compressive
strength test Franatiasdsdauna M3IFANAWRID819GY (sl sample) riom3ouldmiu
Arvtnanadey (test specimen) Tudoslatha? msizmala?

d‘ ar 1] = 45 97 1 1) W 7 o di 9

aaY 1. 5997NgUBIEI001IAY FavzReannh 2 mivaudushiguinais e 14

& ) T 1 = A & 1 r 1 A o Vet | 1 :
sotdou Tuegludiuvesiiuuniord1we st Sz ldinnudauud iy

a 4 3 &£, R =y 1 e
watuluszrnnamsneass ¥aildar F, Isunaahiinasezidlu
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»
i ¥ a o ar kg

2. myrdauas i lddemailiiihoiSsunesdminfunuunudidiugs
rlidedndminfuuuaunui 1 1dmigndes

3. lpasifszeznarlunisdand sunafiu vzssihigadonnuduld

102 winssa JRussydiuernsdlszhanminmalulaiaunoashs anfunvigies uaz
o - . 0 . . . - é

1#uueuninulaeus ez Civit Engineering Material Testing 1 %4 9. niwss 14

Vo R M Vo P a P A d g 4 LY A e £
younneImindnundandnno1sdu (soil sample) Mpunvinduiluaotiu o oulsd
dhyfetamaney (test specimen) @131 unconfined compressive strength test lagwua
AndAnuingud 500 14181 15 1H luns daud el ladretanaae (test specimen) Hithia
¥ = : [ I 1 A e A y A E =
Mol suuazdamndunsnunudmudugs vaemindamngui 501 19a1 25 win uaz

r »

awseauaiddedmaaeuiiiahul sunazdsmnduuannoudmdiugs sudniy
Areunindnuingui 500 dauddlagnilsens doutidangufi 502 19nanites 10 Wk
mnsadands ladredmageuiliamoB oy isuReIfus e ndnyInguh 500 Aauds

Tanndszms navyudoudnioslnmuminduanueududiugs

Tugue 0. wiwssw pyueiurolidefaniulavagili indruingule Aaudsdaot
naaoy lAdnqe

' ¥ 3 o 1 = ¥
anll NYU 500 mﬂﬂmmua DAY EJ'NﬂﬂfTB‘lIIJﬂTIHQﬂﬂ'EN




Test 10 Direct Shear Determination

1. 1@ng1981989 (Reference)
1.1 American Society for Testing and Material. Annual Book of ASTM Standard. 1895
p. 290-293
1.2 Braja M. Das(1998). Principles of Geotechnical Engineering. p. 366 - 382
1.3 Head, K.H.(1980). Manual of Soil Laboratory Testing.
1.4 T, William Lambe. Scil Testing for Engineering. 1951, p. 88-97
159703 WiGee Asianf Tafinlng uazdsziid maaieu. dginamans. 2525. wiih 103 -

112

a a . .
2. Imquszden (Objectives)
Wenaaa LA fefuusadaurasiatnsRuTianslugn s finefiasindaudey

Shear Strength Parameter ((J, ¢)

3. #AaNMS (Principals)
idvrassaatninlunilsfinadians Aa aceainisosesnasdniunsfuusidiay

v ! clln 1
(Shearing Strength) Yiailaunsoneaay1fifqe Direct Shear Test TathAinasauiinaly

ar B

TR

Mommal force

Loading
plate

Porous slone

| 5 Shear
force

Shear box
L~

Porous stone

U 10.10.1 nwuansudnnimmeany Direct Shear Test (Das, 1998)
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a1ngU#i 10.10.1 Avmdimusseudnausaieluunasu (H) duuseanaluuuasiaann (N) Ag
H= uN

#1m5unseiiees Cohesionless Soil W1 n9e N3am Fit aziAnduusAannt sty
Wit wivinnuilu Cohesive Soil 191 Aumtien (Clay) Tunishazi@eulvmuiy 2 daueenann
o - " &4 & - A ' - .
fiu azifinurzaiumndeninaanussiimuiieania lussuinauaadu (Cohesive Force,C)

azldf H=JN+C
annsnldouanniaiuluglees stess Tatdrannislalivisdaenuitadeuaes

FREN (Shearing area) Azl

T =c + Otan
(G T = Shearing Strength = H/A
c = Cohesion = C/A
(0} = Normal Stress = N/A
tan( = U8 = Coefficient of internal friction

auntrdesuiinoudrdnyludiuaanudansaresfuadtanan Fandn "Mohr -
Coulomb’s Equation” TApAng9dc UAY ) {(Strength Parameter) azifludauaniivnanu
uiusenannaiu feaziidunndnaiullmuuseingasiufinagey

AuENA T N SFL U B e L TR R S UM T Tilnes 2 An Ae

1. usudesniu  (Friction) Amdumnadramutiia Cohesionless soil  iA&INN1g
Interlocking fkrzudnsaynedidnrazadantsfuuradoamuszuinsfoseseyniniled
uranpsnszin luEaR RN fUB LA susanssi luu U R uA AR Ea A e tn e

21 10.10.2

a

Normat Resultant
force ™ | & [srce

Shea:[ e :
force 11 " - _Soif }.{-,- e L‘
P s B

NCorlace A

71U 10.10.2 uamausangzin luunaslanuszuwsuiudasetne (Lambe, 1951)
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2. uEianng (Cohesion) Lﬂuﬁi'\m'\uﬁ'\uw\uﬁlﬁmqnuﬂﬁqqﬂmalﬂﬁ'\ - 1#fl (Electro
— Chemical Bonds) szudngindiu Seasiafusetaiutiin Cohesive soil

mnuﬂmwmﬂmﬁ'ﬁ']m:rnWﬂ"ﬂﬁq‘ﬂthqn'm't,ﬁ'uwﬁuﬁ}mnﬁi'Nr'\’u 3 i uaftiuiinie
Horizontal Deformation u8t A1 Shearing Stress TﬂﬂﬁﬂHaﬁiﬁﬁﬁzﬂﬂmwﬁﬂmn?ﬂﬂlﬁﬁqgﬂ
10.10.3

Tra=
shear

stress
T

Tf’_

‘1' disploccment x
g'ﬂﬁ 10.10.3 N7 AMNANAUETZ I Shear Stress 11U Displasement (Head, 1980)

AINNTINWIAT Maximum Shear Stress  TBINANITNAABILAALAIINAL KAMINHINADRA

nsHiLAT Normal Stress #1717 10.10.4

L
shear
siress

at

{ailure

'I:,: . oplon ¢

i
|
|
|
I
i
|
|
|

— e — —

!

|

!

!

} — 4 -
N1/l normal siress oo

§U# 10.10.4 nm A NdNRUTTEWIN Maximum Shear Stress 11U Normal Stress (Head,

1980)
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Tnendumsadi lfl (Funda "Mohr - Coulomb Failure Envelope” $iiAa tdufiunuanuuivum
o 3 - or H 1 1 L4 t"
vidafdaaaRufmanmsi linaaanauminilfe T = ¢ + Gtand e
d‘ ar o L ar d' o o v -
WATANHRUDINIM AR TUAN IR S g ur saRaztinuIndamiun s ug Asa LA WU S

$EM319A Shear Stress UATAIINGITBNFIBENAYNNADATTL Shear Displacement Al

A
Peak shear
strength
- o .
Dottt '/’ i ~. Ulrimate
sand 7 e Spear
Pt ~ strength
" AY
P L -
] ri b
= ¢ S A}
Fd F) d
(=
g F A
= " T
]
; f
l;
! Loose
/ i
i sand
!
[}
]
J \ T = constant
Shear displacement
b
= S Dense sand
g ”
- : 3 P
S B ’
2z & J
Sy Vi =
k] :':)a. l’ i
5z —— Shear displacement
ZE 'z
_— s
o =
5 ] Loose sand

i b a ’ 1 o 1 !J
71171 10.10.5 N3 UAMIATINENAUETEUINNAY Shear Stress WAYANNGITRIABENTN
neamiu Shear Displacement 994 Loose ua Dense Dry Sand (Das, 1998)
= = o - = o Woar o 4’!‘
ANNPM@INIaazeRLEANHUTIasRURgnnaAda lissia il

’ 1 Aal 5 ] ar .
1. T Loose Sand A1 Shear Stress q:ﬁmmuwﬁfam Mu@saiu Shear Displacement
0 v
QUN3LIN99M Peak Shear Strength(T,) LATWMAIIINTUUAY Shear Stress ariiArAauiAn

ey , 2 X
J19A1 Shear Displacement Wnautan
1] 1} “. 3 1 o «
2. lu Dense Sand A" Shear Stress asflANfinTuFae ] viwABaiL Shear Displacement

Q.I <A d‘ o ::F 3 =l al
[UNTENIONGAY T, LAZUAIRINUUAN Shear Stress ArlA1IAARILUAMENAY Shear
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Displacement ﬁoﬁatﬁuﬂﬂquﬁaﬁqm Ultimate Shear Strength wd4aniiusn Shear Stress Az
HArAaudranasin
4, 'qﬂn'ini (Apparatus)

4.1 Lﬂ?:'aanﬂﬂﬂﬂ‘auuﬁ‘d@mulmniﬁﬂm\! (Direct Shear Testing Machine)

4.2 nfaeusrqAoetefiu (Shear Box) uazgunenl

4.3 2NunInLN (Proving Ring)

4.4 wnswindla (Dial Gage) TanT7iadausi a1ualdazi@na 0.01 NafuAs wie 0.001

13
s

{in
4.5 WD
4.6 nafiilaf
47 Ei’l‘i'i'd {Balance)
4.8 wiasRAuATIaE Ay

4.9 gilnsniviponTuIAIREaR Y

7U 10.10.6 iaFaenansaeusndauuuuiagnsa (Direct Shear Testing Machine)
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5. AEmMsnAaae (Method)

5.1 MAFTUNF BRI

_5.1.1 Awmiien (Cohesive Sail)

1] » [
AARI9813AUA Y Trimmer Taunouaa IHFUIIMITNUO4S Trimmer A0 uaziileo

) » »
FaudaSaFaihiminsiweiding19fLiLas Trimmer

FAPUIARI9019ANA0IBTT 0T HAIMUIUNINN UM UMUUVDIAIDO1AY

Y

AUAIDG1IAUDDADIN Trimmer 198 Top cap HATUT TN Shear Box' 1A

[ .
Shear Box 1919 1AUIA50INAADY Direct Shear

99 Loading Bar “lﬁmj‘luﬁmnﬁaﬁw%’an"ld Normal Load uf’i”;ﬁﬂ Vertical,

Horizontal dial gage’ 192 Horizontal Shearing Device %1911

317 10.10.7 duneumswiaumumiies

UNILNR
1. fudhetheiiusanain Trimmer aeld Top cap 198/ uazn1susIqFtetnaAuady

Shear Box axfiadsziinszdaWifinensznunsuifiewfindeniign
> 1 T
2. 159 Dial Gage ynity TnnFnAaudazazannszdramani se1ua1

5.1.2 Aunsg (Cohesionless Soil)

wisunsenldmaaenifidSanamesne @ssuna 250 — 300 ASY)

1821509 91U Shear Box 1182 Compact H3 o161 17 ldn numuwiundssms

Y

] » 1
Fuhminveamswimie LazIanugIBINTWAIDEN 1§ Shear

Box 1daduns0anaady Direct Shear

¥

oLy Loading Bar 11??3&114@?11!1113‘1%“;8111&’ Normal Load uﬁ”ﬁﬂ Vertical,

Horizontal dial gage2 119 Horizontal Shearing Device Wi

g7 10.10.8 fupauMIATENAUNT Y



5.2 MMAGDL

41

#1701 Normal Load Tasyndes 1iia 1,2 tag 3 i1 vedusedulseanina

mﬁﬂﬂﬂﬁﬁ 1159 7 (Effective Overburden P’ressure)3

4

» ¥ » » » 1]
uyEunIR MinTur i minigadmiiuluiugsedy aminloan

: ar o 1] A ar A' . -
fMmdueon Tunna1Msnaouda luluIA (Vertical Displacement)’

Drained Test @115 UAUMlo7
DA INTTINLUT IATUINAININT

b 1 =) A Iy
YoaRIveheAuNa Consolidated’

Y

munsafou asededu Taofinrsan
w A 1
995 IMFNADUNNILUITIVIIN

A ¥
ldﬂ'l.ﬂﬂ MIS=HERIENINITNATNTI

Undrained Test A UAUNT 10
= -1l d‘ LF-] :
waz@auinilean ludnisssuioi
y 7 ¥y 3 o
sen19nsuuse I ledasims

usq 1 SadwasAni

¥

FUNATOLHALBTUA T AUROUTTN Proving
A o a
Ring Dial, 1M SIAABUAINIWUIAINN Vertical
! N .
Dial Gage ) Msnasuiniauuasulugan

mmzﬂu“ AUNTEHIAIDHTIAUINAIUA ( Failure)

FUNATOUNALO A WS UNBUIIN Proving
Ring Dial, I1NSIAA0UAIN1WUIALIN Vertical
N A 1 n ‘:‘

Dial Gage #}qA151AAoUAN LU U TUF90

wgan’ UNIENIAI0E1RUAATLA ( Failure)

v

minsstfwiudumile) disnadouasy
»
Thiraedaduliviamuss: (Water Content)

HAININATOL

ddeyafiduiinldl)@suns v uazm

Shear Strength Parameter ( @, )

v

ideyamiudAin1a1douns W uazu

Shear Strength Parameter (D, ¢)

g7 10.10.9 FumeunAeU Direct Shear




WHNEIVA
3.Normal Load = G *A
Tne G, = Normal Stress
g .ﬂl o = o 1 =
A = HUNUUIAALDAUTHIAIDEINAL

4. dlesenfiaidueen lunsaimiuaumiloodealdosfadnamuly 24 4olue e liidn
Consolidated
5, fRsmaAReuRIn el Aruanildaan
bt = 807ty

>~ [ '
wavauun RGN I urauns et Buset i TR

E
=)
Srg

I

& fa19AY Consolidated Id 50 wiefidus Tumaienisugfiu

snatnuie liia Consolidated Tugaausn

arli d, = di/t,
o d, = ammMmaARauAn NI
1 1 o
d, = sruznluuuarundedauied s ineallld o, = 05 T

(12 Aa@wng) Audtetreiuiiily Normally wia Lightly over Consolidated Fine — Grained
i
Soil W38 0.2 {19 (5 RaAAT)
+ 1 1} ' i : A g o o
6. ngudtamsoguA ey mseReuIn Il 2 wefidus 1a9

iusinguina N edrine LRy

6. ﬁ'ﬂgaﬁ’a’ﬂiuﬁmmam (Measured Data)
6.1 Shear box height (L)
6.2 Shear box side (D)
6.3 Deformation rate
6.4 Yrwminaaadaatinus Dry mass (W)
£.5 Horz. Deform dial reading (AH)
6.6 Horz. Load dial reading (HLDR)

6.7 Vert. Deform. Dial reading (AL)
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Soil Description Project
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Devices Data
Shear box height L, (cm) Normal Load, Fy (kg)
Shear box side, D, (cm}) Normal stress, ¢ (kg/cmz)
Deformation rate, ( }min) Load ring constant, LRC (kg/div)
Specimen Data o
Sall structure  Undisturbed, Remotded, Compacted  [nitial area, 1 Ay (sz)
Drainage condition Initial specimen vol., * V. (co)
Initial water content, w, (%) Dry unit weight, ? o (kN/mS)
Final water content, W (%) initial wet UW., ¥ (k/m')
Dry mass, W, (gm) Final wet UW.,~  ¥¢ (km')
Horz. deform.| Horz. lcad | Vert. deform.| Corrected | Shear stress

dial reading |dial reading| dial reading area on specimen

AH HLDR AL A g Remarks
(mm) (div) (mm) em) | vm’)

Note: 1. Compute from shear box side 2. Campute from initial area and specimen height

3. ¥ =My /V, gmice)* (9.807 k/m : gmic 4. Y 1o = Yp*(1+wy/100) 5. Yo=Y 5"(14w:/100)
6. For square specimen, may use A=A AH 7. S=HLDR* LRC/A . * (98.067 KN/m- : 1 ksc)



Test No
Tested By
Checked By

Project
Date

Soil Description
Sample Depth

Location
Sample No

Boring No

|

W‘

_
m.,_____::,:_w___:,_:___:jn:____;:,.i_m_m
2 &8 8 g & E &8 8 2 8
o~ - — — — —

ANE\ZV_V S ‘uswioads uo ssays buliesyg

Horizontal Deformation, AH (mm)

._f,...n.n;“m..,“_,,”__k_ﬁh_r"L[[,ﬁ__,lr
. ! H

Lo N === B A oy B o o SR~

(Ww) 70 “Joq (eoMUBA
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Soil Description Project
Locaticn Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
Soil structure Drainage condition
Tested Water Content Final Final Normal Maximum
specimen Initial Final vertical def. {horizontal def, stress shear stress
ne. Wy W Alg A (o )Y MaxQ ’
(%) (%) |« )] ¢ )| (k) (kN/m’ )
1
2
3

‘:I!

I

Maximum shearing stress, S (kN/m?)

A I T N | \lL'lJn\Iil;I;g"!\I\Illl['l“ll
: i .

Normal stress, oy (kN/mz)

Cohesion, ¢ = (kNlm2 ) Angle of intermal friction, f =
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7. Arathaamsna®al (Sample of Test)

Soil Description Project NARESUAN UNIVERSITY
Location AMPHOE MUANG PISANULOK Test No 1
Boring No 1 Date 18/4/1995
Sample No 19 Tested By
Sample Depth 27.00-27.45m. Checked By
Devices Data
Shear box height, L, (cm) 3.8 Normal Load, Fun (k) 36
Shear box side, D, (cm) 6 Normal stress, O, (kglem) 1
Deformation rate,( fmin) 1 mm. Load ring constant, LRC (kg/div) 0.275
Soil structure  Undisturbed, Remolded, Compacted |nitial area, Ay (em) 36
Drainage condition UU.,CU., C.D.Test Initial specimenvol.,~ V (cc) 136.80
Initial water content, w,(%) 22.1 Dry unitweight, . Y o (kNm') 10346
Final water content, wi.(%) 1% Initial wet U.W., ‘ Y 1o (kN/ms) 12.633
Dry mass, W, {(gm) 144.32 Final wet UW., " Y 7¢ (KN/m') 12501
Horz. deform.] Horz. load | Vert. deform.| Comected | Shear stress
dial reading |dial reading| dial reading area on specimen

AH HLDR AL A s Remarks

(mm) (div) (mm) em) | wm®)

0.00 0 1.34 36 0.0

0.06 B 1.46 36 4.5

0.10 8 1.47 36 8.0

0.16 12 1.48 36 9.0

0.24 18 1.50 36 13.5

0.29 20 1.51 36 15.0

0.34 22 1.52 36 16.5

0.39 24 1,53 36 18.0

0.45 26 1.55 36 19.5

0.75 36 1.67 36 27.0

1.50 48 1.77 36 36.0

2.25 56 1.83 36 42.0

3.00 64 1.80 36 47.9

3.75 72 1.92 36 53.9

4.50 76 1.93 36 56.9

5.25 77 1.4 36 57.7

6.00 74 1.85 36 55.4
Note: 1. Compute from shear box side 2. Compute from initial area and specimen height

3. Yo=(Mp/V, gmice)*(9.807 ka3:QWCc) 4y 107y o (1HW/100) 5.y = yD*(1+WF/ 100)
6. For square specimen, may use A;=AyAH 7.8 = HLDR * LDG/ A ¢ * (98.067 kN/m'" : 1 ksc)
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Soil Description Project
Location Test No
Boring No Date
Sample No Tested By
Sample Depth Checked By
zm _iYi .... LR AL AR R E AR R AR E N TFTIITTTY VP Trr T T
C i
180
160 -
uo [
120 [

Shearing stress on specimen, S (kN/m?)

Vertical Def., AL (mm)

100

80

60

| LIS LR L T s T A

[T Lob by

|

AN T S T O T T JOS S T V|\1i\||J

0 1 2

3

4 S 6 7 8

Horizontal Deformation, A H (mm)

g TR ST i T T T L [T v T T

b baeg )l

Pt i day byl e

| ST N SN VOO N WY R [ G N T S

_4EIIJ FA VAU TR AN N S S




Soil Description

Location

Boring No

Sample No

Sample Depth

Soil structure Undisturbed, Remolded, Compacted

Project
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Test No

Date

Tested By

Checked By

Drainage condition

U.u., C.U., C.D. Test

Tested Water Content Final |  Final Normal Maximum
specimen Initial Final vertical def.horizontal def] stress shear stress
no. W, W A L A H, o N Maxcy !
(%) (%) (mm) (mm) (kN/m" ) (kN/m”)
1 221 21.7 1.85 6.00 1 57.7
2 22.0 21.5 2.07 7.50 2 112.4
3 221 21.6 2.08 7.50 3 173.8
)
(o]
c 200
= g
< E
&
N’
) 160 —E
- 2
w
& E
+ 120 £
w
o
§= :
@ 80 E
QL
) f |
2 5
£ 40 < 3
> %
£ | |
X
g 0 i H I 3. g SN VN VRPN DS S | |
0 | 2 3 4
2
Normal stress, oy (KN/m”)
Cohesion, ¢ = 0 (kam2 ) Angle of intemnal friction, f = 57
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8. AMPH1INTITATUIN (Sample of Calculation)
Direct Shear Test

Sample of Caiculation (use data of Normal Load = 36 kg and DH = 0.06 mm)

8.1 Normal stress, Gy

g, = (Normal Load)
" Area
Area, A, = Shear box sid92
- By
= 66 cm’
= 36 om’
G # 36 kg
36 cm
= 1 kg / cm2
8.2 Initial volume, V,
v, = (shear box height) * (shear box sidez)
- (3.80) * (6 * 6) em’
E 136.80 c:m3
8.3 Ory unit weight, 1,
YD = (dry mass) * 9.807
initial volume
= W, *9.807 (kN.cc)
Vo (™. gm)
= 144.32 * 9.807 (gm) (KN .cc)
136.80 (cc) (m".Gm)
= 10.346 KN/m’®
8.4 Initial wet UW., ¥,
Y = Y, (1 + mitial water content / 100)

Y o (1+wy/100)

10,346 * (1 +22.1/100)  kN/m-

449
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8.5. Finalwet UW., g,

Ve = Yo * (1 + Final water content / 100)
= Yo * (1 + W,/ 100,
= 16.036 * (1 +21.7/100)  kN/m’
= 12.591 kN/m®
B.7. Shear stress on specimen, S
S = Horz. deform. dial reading * Load ring constant® 98.067 / Corrected area

HLDR™* LDC * 98.067/ A,

6*0.275 * 98.067/ 35.964

= 4.50 kN/m’

9. msutildenu (Practical Uses)

- - = (Y Y - Y 41‘ -3 . B | % ﬂJ o am
9.1 Wlunsiiassivzasanuuy §ausan, misiudy, Weudu uatenaaiaieoiumiu
wariudnuanuetn Inearfian2e419In AT Strength parameters (¢, &)

o ' § 1
9.2 lumseanuliy Foundation 1 8ewilaRazfiasfia1sniI@ann Angle of friction ()

seudrapunuiagildiaain Aagufl 10.10.10

Foundation material

Interface

o a Ao m a s men
sU# 10.10.10 uasmusaauiiiaseuinaAuiuianilinaain (Das, 1998)
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o alo ' ] = o A :
Tredagiinun Wriasfeduansaziduasuria, win siiely S9s1 Shear strength aen

LS 4 - LA ] iy, LA - - -1
uwuozautidiandudaiusninuiudagazansomlsie

T,=c,+ O'tand
ol .
NN ¢, = Adhesion
v . 1 - LA 4 1
O = Angle of fricticn aevzzuiRuiLTanAldriaa¥
Normal force
" Loading
Porous stone
Shear
£ force
N
Shear box
Porous stone

2111 10.10.11 msW Direct shear test figu1A" Angle of friction (DAS, 1998)

wuniludelMuFuunes Direct shear test 8 mFun1sWa1204IM" Shear strength
1 =y -~ e J 1] o F| 1
: parameters temdnsdiuiudanildnaa¥n lnelunimaaauazasiaghldiasirensuugoun
ApuANINgLnTninagay uarAuasgnanlugounauun Mgl 10.10.11 lnenimagavuasil

gnepsuRefuUNTMAgeL Direct shear test ¥ialy!
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10 TantmanauAnNfRuIUNRINIMIASD

10.1 MIINTIZHHANMINAAOD direct shear test YDIRIDEWNATOL (test specimen) 3 AI0LN
firS s i anteRi(soil sample) MiuIneInFidwmiwfieaiu d3038nshmiloudunn
Funou s NS ethanareuliguemniAnienenIn (physical properties) ISURIFNA

Uszms Ndouazsiun wun

Fetr1anameud | Fethamageud 2 Fet1anaout 3

normal stress = 10 T/m’ normal stress = 12 T/m’ normal stress = 14 T/m’

peak shear stress = 15 T/m’ peak shear stress = 12 T/m’ peak shear stress = 18 T/m’

peak shear def. =4.1 mm peak shear def. = 3.9 mm peak shear def. = 4.2 mm
final vertical def. = 0.24 mm final vertical def. =-0.26 mm  final vertical def. = -0.27

mim

o a = 3 L da o d o o a s ¢ v = o
Tionazamn 33 laveimaimiun, oasni nozfinddand Sronunandingizvivams
: 4 d 3 = d 1 o a oy ] o oMty o".: = ¥
naraush ¥ 1dnamsTnrziwmdeidugmlszams eudnnguljiamsfamuadala
L} ot - d t -3 -3 L} | E - 1 1 3
sty uaz Tadefisiuiuanarsfudusouun ua Tavdmngidedn wiesh
1 L] =y -y J Q) 1
mnaaen il e dnzipadedanamiulumsnamey nfems Susindeyaluszni

N15NATOY
= 1} o e ¥y = o 1 & 1
TugnizeuBnnguiluams njanlddeAamuadiadugh
10.1. IHANINATBLTIIAT 1A 18 innuindetiense 12 mszmgla
1 3 A - = r
Al lufinnnindeiie myrerwfiannudanarnlusgnitamsnaasanions

AU

10.1.2 imumudesudenrplabimimanaaoulminse Tu2 mszmagla

2011 1tuR e mszsendeyah 14 hifinnuduiuiiu

¥ » ]
10.1.3 1wl 18w 3ol marzimgla? Mbanindedanaia Tumsdnmmiunmings

(YOIRIDIIINATO) N3 VL5 AAOU (shearing stress)
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z 4 X,
Aoy 1A ins1291nn 15 FUNAR peak shear stress HUAITILINLAUAILA

A J ﬂ' o i 1 a L) 4 1] 1]
normal stress tfaRuTinThannsi ualudred1anaaeui 2 w1 A1 peak shear stress anad

»
@ o

= A H 9 Al, ) =
muummmi‘lu"lmwuaaumimmmmwumumﬂummmwmﬂ

10.1.4 @wHamshing e¥ Yedana nfiorsszidiullld ez'lsthe
= o ] =4
fOU 1. 1@3onuda0019 1AND
: ¥ ¥ ]
2. $afeeg Tunis nanealigndes gy arugs imin Aun
3. 5811910 Dial Gage igndes

4. MUIUAIAIY) HANAIA 10U Shearing Stress, Normal Stress



Test 11 Consolidation Determination

1. @nesande (Reference)
1.1.929n3, W% 3o Tofinlns uavdssiitl moaidiew. UgAnaarens. 2525. wikn 140-
152 | '
1.2 407 §33A117. neaslginamIdns. 2541. i (14-1) - (14-51)
1.3 Braja M. Das(1998). Principles of Geotechnical Engineering. p. 303-365

2. ?ﬂqﬂizmﬁ (Objectives)
PABDLIADUIAIAFITRIN I RSIITDIAW (Compressibility Parameters) aFuiaating

Aumilen (Soft Clay)

3. UANN9 (Principals)

mrnmﬁ’wm%uﬁuﬁtﬁﬁmnmsnm W u‘ﬁaﬁﬂuﬁnnsmnmaﬁqﬁﬂﬂ%"’\quuﬁu AZULN
aanidu 3 Uszinn

1. Immediate settlement 38 Initial Settlement (finanAuENIRNTEANEUIRIAL Vaid

sfimmmgasavuiifitioinnaiy  Taglifnadouueeadulu@iy  namgas

Ussinnifazfaiunninnin - Audmenaudavenusaziunznaunseibifiro i
azfanmgaEalivn dadumimnmmeeslasnounsiissdesnnideouiunim
M93NTUIUNE Primary Consolidation Settlement

2. Primary Consolidation Settlement funnFeuulanBunnsseedulisasiieain
fmqmmﬁmnﬂmﬂnmnmaﬁu Tﬁmmw;mﬁqﬂs:mwﬁq:ﬁmﬂummqwﬁnmmmm;mﬁq
ﬁwﬁﬁumﬁﬂﬁfqﬁﬁuﬂnaﬁmﬂu’iuﬁfn‘lﬁﬁq@:‘lﬁmmmumn‘tunﬂsﬁuqmmumsﬂ

3. Secondary Consolidation Settiement tﬂumm;mﬁqmmﬁuﬁﬁmmcv;m'mn Plastic
Deformation Ua% NMTAAFTUIAMIBNTIRARAL Was Secondary Consolidation Settlement €918
yquifansneinelfetniven  Jwdinslszinn Empiical)  wuRld g

ATUINIMAN
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o - - g - 4 ] :‘r -g ) b "1 ' [ ¥
nsmgadsaspuaridnrinided nanegivanuamisalunislvadusiulfreanlu
- . [ 1 - nld Io’ a
fu (Permeabilty)  ImedwFuiunsedaduiuiiiamuaolunsesunaingRann g
. . . - ‘: v o 19 - . 'd
Immediate Settlement uaz Consolidation Wistwludoaamiansiu uwidmTuRuinileoni
v ¥ v i []
ATINATNNTO lUNTTE LN AREaAnazn nasifia Consolidation Tuhed9amaInEIIUIU
o - . - tﬂl oy . . od :
VAIRINMTINA Immediate Settlement uﬂ:'luﬂumﬁﬂ'ndou'lurumnﬂ Consolidation Asitl
- -J nﬂ' [ o :’ - A ) v - -l -iln' o B ro‘
Aunagandrrzauu luiuRna 1 s wuAumilaanaudasaniin (Saturated Clay)
o ar A‘ - _ . - Aal o o
Mode! 41824224udNANgIUNSIRA Consolidation Taafumiluadnsazy Fuulkivass

g L2 = - -n' x g ) L3 - o
wasthlugmazangad aangdn 10.11.1 iladuesnaluanzordouiilnes axin Wifiaussiu

¥ P o gy .
11 (Initial Excess Pore Pressure) AU = — uazilladimgnunfiazszuineanllvinly lu

A
. ! o J . ; . o
wnzideaiusinaarnsrallgaiidviminsdawiuauifiusneiuinssitunuiined
g P J ] -I: 1 4‘ - ot o=l : d' =
U1 AU < — uaniledsesislidsanamikiuasnfuganmannadanasivwii Aa AU = 0
A

muiieiinuin ludssvingesdugnazureeanllduinlditiunsreduanasion

. Valve
i open

) G
A <§ 3 = Au=0 i :
U7 16.11.1 Spring - Cylinder model (JAS, 1998)

ar - ] - . :—I
waneEufemnumiotiuselsr@ngne (Effective Stress) 784 Model tiRa
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Ac = Ad'+Au
IntIAG = Total Stress
AG’ = Increase in the Effective Stress
AU = Increase in the Pore Water Pressure

daennfuwmiliafiamansalumsinsdisihuldreai usiefugnusenansein
wu t=0 azlf A = Au (AG’ =0)
A luteeineediu (Void) axlnszuneeenty $1lF AU fidanas uazAn
Effective Stress fiAngaiiaiy
flu 0<t<oazld AG = AG'+AU (AG'>0usz AU<AO)
iile t = O Excess Pore Water Pressure Wannmazgnszursesniaumain i AU = 0

ol t=o azld Ao = AC’

r . i
37 10.11.2 (a) dANmzn15iAA Consolidation Yo sAWMTiUIDUAIAINI1 (Saturated Clay) (DAS,1998)
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Pore water Effective
Total stress increase pressure increase sifess increase
-l' ; i . ; *;
’[ 'j
- Ag'=0
Depth Depth Depth
(b) Attime 1= 0
Pore water Effective

{c)Attime D <fon

Pore water Effective
pressure increase stress increase

Au =0

Depth
{dYAttime ) =co

;a;ﬂ'?i 10.11.2 (b) udmamdneiusalss8vBua (Effective Stress) 199 Model (DAS,1998)

vond o o = . . :
ANANLFENG ATy 189AUaINNISNAREL Consolidation Test §1 2 Usznas laun

9

L -] ar ar o GJ ‘B‘ ¥ -
1. fh1anaFilunmgagh (Rate of Settlement) AadrsuFaminluasanandunu
TR .
ezt iu
1.1 Degree of Saturation TWNIARU
1.2 Coefficient of Permeability 2995 ati AU
1.3 Drainage path 28459t 19AY

41N Terzaghi ‘s Consolidation Theory azlffgfidmilsdstisuantannigauniBaasmmes

Fia (3tinda Coefficient of Consolidation, C,
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. lna T = Time factor Lﬂuﬁ'ﬁﬂaﬁ%uﬂﬂﬁu Percentage of Consolidation W%
‘ dnwuEeed Initial Excess Pore pressure ﬁ'ﬂugﬂﬁl 11.4
t = sranoanlun1afia Percentage of Consolidation A4
H = sadinefqeininlunsdussiadivassningqaaunad
2. 15N InRgegm (Total Settiement) Feaziidiing "Raligednmmgasin”
(Compressibility Index), C,
mnﬁ"m:rm:-nmmimﬂﬁqmﬂq%uﬁuﬁ wriatu 3 stinn uﬁiﬁw%’uluﬂfjﬂﬁmiﬁfmﬂum?
NARBIMININIARI TR Primary  Consolidation  Settiement  Insfidnnisaadsangng
naraLia 10.11.3

[¥al gavge

R

- A a H
UM 10.11.3 resiianaaau Consolidation ¥iaga (DAS, 1998)



famd

U T, Ui%) T, U1%) T,
0 0 34 0.0907 68 0.377
1 0.00008 35 0.0962 69 0.390
2 0.0003 36 0.102 70 0.403
3 0.00071 37 0.107 71 0417
4 0.00126 38 0.113 72 0.431
5 0.00196 39 0.119 73 0.446
6 0.00283 40 0.126 74 0.461
7 0.003%3 41 0.132 75 0.477
8 0.00502 42 0.138 76 0.493
g 0.00636 43 0.145 77 0.511

10 0.00785 44 0.152 78 0.529
11 0.0095 45 0.159 79 0.547
12 0.0113 46 0.166 80 0.567
13 0.0133 47 0.173 81 0.588
14 0.0154 48 0.181 82 0.610
15 0.0177 49 0.188 83 0.633
16 0.0201 50 0.197 84 0.658
17 0.0227 51 0.204 85 0.684
18 0.0254 52 0212 86 0.712
19 0.0283 53 0.221 87 0.742
20 0.0314 54 0.230 88 0.774
21 0.0346 55 0239 89 0.809
2 0.0380 56 0.248 90 0.848
23 0.0415 57 0.257 91 0.891
24 0.0452 58 0.267 7] 0.938
25 0.0491 59 1.276 93 0.993
26 0.0531 60 0.286 94 1.055
27 0.0572 61 0.297 95 1.129
28 0.0615 62 0.307 9% 1.219
29 0.0660 63 0.318 97 1.336
30 0.0707 64 0.329 98 1.500
31 0.0754 65 0.304 99 1.781
32 0.0803 66 0.352 100 oo

33 0.0855 67 0.364

An999% 10.11.1 Time Factor (DAS, 1998)

4. 'Q'Llnini (Apparatus)

E ar o = g o ﬂi‘ 1 3 -r.I.
4.1 Aunmnuin Wuanuis Teeutinuiaminfdanasiamiie

4.2 Consolidation Ring

4.3 Consolidometer

4.4 usiuiiungu (Porous Stone)
4.5 WIRNIEUINAN

4.6 i

4.7 gunsolfinusssnatingmy

4.8 mafillaf

459
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‘! .l 4.‘ ar ] -
4.9 1ATHINEUIANNTYE (Water Content) 289A88AU
4.10 Dial Gage S miriammysAatedisatmu euliazidua 0.0001 o

5. AENMIVAADY (Method)

5.1 NTBTONANRENIAY

1% Trimmer AauAsda13Au ldaslu Consolidation Ring

\

1] » .
Jaruprsadietnady uazsnimin grudlsdwauiitmassinnisaa

] ¥ o dw 4{ g 1 =y r a
] ﬂ‘lﬂ-!ﬂﬂﬂ’lﬂ')’lﬂ“h'u (ﬁfluﬂ'.nuwﬂmwmmaﬂu ABUNINIVIRADY)

Y

»
aaAsAIstIsAuNaneUallu Consolidometer TATUN{U (Porous Stone)

E
UsznoudiId IuuLLA A a1 BIAIBIAUNAT DY

\
» ~
ARAY Consolidometer 197171} Loading Frame 1az@nA Dial Gage d 35U

4
ar o Ll Y

o & LI = [} : Ly ar L] -
Famsniavesiioeau udidslmiaslilaeldsedmiedmiledobienu

711 10.11.4 uasfupsumasizensoatingu
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¥
5.2 FUABUNIINAAaL

¥ » » »
fnuvmuhminfidelslumsnadaetns’ Tavhminussyadilde

» »
snmiminnadrededwiiy 10 shveaimiiness

Y

» )
NaiMmingausn LdIBWAININTAAT (Dial Gage) HITULIA

0,1 .24 4,619,121 ,16,25,36,49,64,100 urfl aeantiumniluhan

Y

HunsMsEn31a Dial Reading taz ~/t vaizegszninmsiufindoya

A o o w0 oA
INDNTIVRNEUTNITRTARIVOIAIDUIIAU

» 3 r
wawnnals 24 ¥1Tua feviy

» ]
iminga® 2 udnlfiiAeuny

: o o a [}
unsUgAIminHezaeald

» ) ) »
amimineonmie Lo imemquauiimnesdivesdunali 24
2119

3 ] ' %
HAINIUAT Thal Gamf’.2

Y

hdstdunEs 11nnsnaaed lilwinudu

U7 10.11.5 uasndumaunimagay Consolidation
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“u"lﬂl“ﬂ;
15, o o v \ o o A e a1 e ar -
u'l‘uunﬂnﬂﬂ::ﬁl'ﬂqu'\umﬂ')"mﬁuﬂ?zaﬂﬁHﬁmu’amflﬂﬂﬂmuﬂ{]nﬂﬂﬂuluﬁ??u‘l!’m

- N T T o
(Overburden Pressure, G ') u.az'a::ﬁmmmum'ﬂmummuunmng'mmnmmmﬁ:

nea’ g laeazll 5 - 8 fu il

1o, 1o’, 3 o’ .0’ 26" 40’ 86" 160" 320" Admrdauniniisninmin (Load

Increment Ratio), LI = 1.0

T 0= 2inYo + 0o - Vo) + 0l =Yoo + Mol - Yo + -]

g.A
uazasls W = —
R
¥ e
W = daninfResnisuzaunsalataniy
A = PWudwihdasoatnehu
R = dm3dauaiudm (Lever Arm Ratio) 1: 10 => R = 10.0

2 o 4 1 N a v . J o g o L o o J | () ]
matunnAn Dial Gage dwfuynafamianizaauninaan MamfuinAieauAA e
| 7 » |7 a4 i 73 1
araniwnintude vy Lifewaruwanuupawmiaiwmin  Inanisuanfieefiug
» » 1 v »
AsduaInnsanimiinazifaatdasndanimauimin asaunzonamiinla 2 — 3 dusie

U

6. dayainluiamnaes (Measured Data)
6.1 A1 Dial Reading
6.2 tiwndn Can (W)
6.3 ‘Li"mﬂ'n Can uay (ﬁut’ﬂﬂn) test specimen (W)
6.4 ﬁﬂuﬁn Can ILaY test specimen ﬁgnﬂuuﬁauﬁ’q (Wepns)
6.5 Scale Load
6.6 Dial Reading at End of Loading

hY
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Consolidation Test

463

Project Owner Job no.
Tested by Date Sheet no.
Pressure Increment:
Applied Pressure kg;’c:m2 To kg/cmz
Scale Load kg To kg
Date Time Elapsed Time Sqr. Time Dial Reading
Min. ~/Min . 10" in.
900
& 1100 “
¢
S 1300
b
5 1500
o
(3}
& 1700
=
£ 1900 !
2100 | —

ty =

2 4 6 8 10
Sqr. Time

Min.

14 16 18 20
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Consolidation Test
Project Owner Job no.
Location Boring no. Sample no.
Soil Description Depth
Tested by Date
Checked by Date
Sample data:
Initial sample ht. = Samplearea =
Initial sample vol, = Dry wt. Of solid =
Soil specific gravit = HtL Ofsolid =
Initial void ht. = Initial void ratio =
Before Test
Container no.
Mass of Can+Wets Wy,e {gm)
MassofCan+Drysc Wy  (gm)
Mass of Can, W, (grm}
Mass of drysoil inca W {gm) B
Water Content, Wy (%)
Scale | Prestress, DR at Changein  Void Ratiq Time for Coef. Of

Load, End of Sample ht. 0%50% |Consolidation
kg. | kgfem” | Loading 10" in in. Consolidatio| C,, cm /sec




Consolidation Test
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Project Owner Job na.
Location Boring no. Sample no.
Soil Description Depth
Tested by Date
Checked by Date
220
200 ;
o 180
i
(2
]
5 Lo
o
1.40
1.20 1
1.00
0.100 1.000 10.000
3
8
2
o
Ub
10,000

1.000

Applied Pressure, p, ksc



7. Avatnsmenagay (Sample of Test)

Consolidation Test

466

Project Owner Job no.
Tested by Date Sheet no.
Pressure Increment:
Applied Pressure 1.272 kg/cmz To 2.544 kg/cmz
Scaie Load 4.0 kg To 8.0 kg
Date Time Elapsed Time Sgr. Time Dia! Reading
Min. ~Min . 10" in.
6/6/1980 8:40 0 0 910
0.25 0.5 945
1 1 978
2 1.414213562 991
4 2 1063
8 2.828 1148
15 3.873 1215
30 5477 1359
9:40 60 7.746 1560
10:40 120 10.954 1735
12:40 240 15.492 1813
10:40 480 21.909 1998
200
%& L
T Tﬁ
21300 %
3 3
-_glsoo | — ;
[ - T~
21700 —
E , \ b S
j = |
2100 - |
0 4 6 8 10 12 14 16 18 20
Sgr. Time
teo = Min.
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Consolidation Test
Project Owner Job no,
Location Boring no. Sample no.
Soil Description Depth
Tested by Date
Checked by Date
Sample data:
Intial sample . = 254  cm  Samplearea = 3137  om
Initial sample vol. = 7968  cm’ Drywt Ofsolid= 67.2  gm
Sail specific gravit = 2.70 Ht. Ofsolid = 0.80 cm
Initial vaid ht. = 1.745 Initial void ratio = 2.195
Water content data:
Before Test After Test
Container no. 593 516 576
Massof Can+Wets Wqe  (gm) 4462 44.66 145.98
Mass of Can+ Dry st Weng {gm) 40.00 40.78 100.64
Mass of Can, W, {gmj 3393 3541 33.92
Mass ofdry sollinca Wiy {gm) 6.07 537 66.72
Water Content, Wy (%) 76.11 72.25 67.96
Scale | Prestress, DR at Changein  Void Ratiq Time for Coef, Of
Load, End of Sample ht. 90%/50% | Consdlidation
kg | kglom | Loading, 10" in in. Consalidation| C, cm /sec
0 0.000 0 0 2195 - -
0.5 0.159 172.0 0.0172 2.140 57 4.00E-03
1 0.319 198.0 0.0026 2.132 7 3.26E-03
2 0.638 380.0 0.0182 2.074 185 1.23E-03
4 1.275 9105 0.05305 1.904 449 5.08E-04
8 2.550 2097.0 0.11865 1525 144 1.58E-04
16 5100 3147.0 0.105 1.190 114.5 1.99E-04
4 1.275 2884.0 -0.0263 1.274 - -
0 0.000 1710.0 -0.1174 1.649 - -
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Consolidation Test

Project
Location

Owner Job no.

Boring no. Sample no.

Soil Description
Tested by
Checked by

Depth

Date

Date

Void Ratio

2

-4
C,*10 ,cm /sec

220

2.00

1,80

1.60

1.006 10.00G

35

30

25

20

]

10

0,100

1.006G 10,000
Applied Pressure, p, ksc
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8. ATBLNINISAIUITE (Sample of Calculation)

3
8.1 Initial sample volume, cm

Vol. = Initial sample height * Sample area
= 254%31.37 cm.em:
= 79.68 cm’

8.2 Initial void ratio, eq

e, = Height of sample - Height of solid
Height of solid
& = Hp-Hg
HS
= 2.54-0.795 cm
0.8 cm
= 2.195

8.3 Compute water content, (%ow)

%w = massofwater 100
mass of dry soil
o
= WW
Wps
W,, = {mass of can + wet soil) - (mass of can + dry soil)

It

Wews ~Weps  (Sample of before test)

44,62 -40

4.62
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Wps = (mass of can + dry soil) - (mass of can)
= Weps - We gm
= 40-3393 am
= 6.07 gm

Y%ow Wy, *100

Wps
= 482 *100
6.07

78.11

{- 8.4 Pressure, kg/cm- (from Scale load = 0.5 kg)

Pressure = Scale load * 10

Sample area
= 05*10 kg
2
31.07 cm
= 0.161 kg/cm2

8.5 Change in sample height, in (from Scale load = 0.5 kg)

Change h = D.R. before - D.R. after
g2,
= {198.0-172.0)* 10" in
= 0.0026 in

8.6 Void ratio, e, (from Scale load = 0.5 kg)

{Initial sample ht - Change in sample ht - Ht of solid)/Ht of solid

=)

[2.54 - (.0172*2.54) - 0.795]/0.795

2140
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8.7 Coefficient of consolidation, Cy, (from Scale load = 0.5 kg)
e = ToH
tyo
0.848 * (2.54/2)
5.7

4.00E-03

I

9. nsiilafldau (Practical Uses)
9.1 Primary Consolidation A8 Auigrimiresnufadevinaluiufiazanss Winaufassn

faruuiud M lBunsusewdinfuanas Teatdadananunsndanalvitin Consolidation

L

fifemnannasnnezinnnusnisuen viagnauieusntinssmesentl W A
Sauanuaeniing wienzmadinineananni nrdiguinunnig dudu

9.2 lummadeu Consolidation Test 1 awnzaldnasamimmsiveduasninving
maatiAy (Permeability) 1&ladraeifhatauny Variable head wa Constant head method
Tnasn Permeability ga9siatiaRussgnAmanilfaindayssainismasay  Consolidation
s

9.3 UnlenifidAnfiaates Consolidation Test An nslidayatasiatAudanis
vmnedanm usshnamemagaimeduidugusnlitulassedalnaaniziumilon
(Clay) fagiratinagilf 10.11.6 uasdigmnsalimdnenisasiulueinlifons\ddayedls |

a . - -l - o
ANMAMARSLBNREANTIN Stress - volume strain curve e Wioyafihlslonifaoiy

. o alm o
ATLIILURBANAULALIHNN TEmans

}

Void eatio, ¢

o,

—

[

Pressure. ¢’ {log scale)
o )
1% 10.11.6 Stress - volume strain curve
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« vl .
; 10 Isntinagauanugiugrunasimsase
10.1 AdansTasmasiinfummnreshawimils WseuwunelideuAnanmnmmisana
o L) w .: v -}
uuL consolidation settlement saafuAuresFug U INBIUTRTRIULTIqHAldNT TR VANT

mnuAugs 2 wnsdag lugusaansraafiniuminneaig

Auou g2 1, Y, = 1.75 Tem

Silty sand, 3 m thick, Y; = 1.75 Tcm, Ysat= 2.1 Tem, E = 10,000 psi,
L =0425Gs=2.7,e=05

1 Clay, 2 m.thick,Y; = 1.75 Tem, Ysat=2.1 Tem, E = 1,600 psi, LL = 0.35,
wr Gs =2.73, ¢, = 0.75, Cv = 0.004 cm’/sec, Cc = 0.6, Cs =0.1, Pc = 11Tsm

Sand 1, 5 m.thick, ¥; = 1.8 Tcm, Ysat=2 Tem, E = 5,000 psi, LL = 0.4,
Gs=2.65,e=0.6

Medium Clay, 4 m thick, Y, = 1.85 Tem, Ysat =2 Tem, E = 1,750 psi, Ll = 0.375,
Gs =2.71. ¢,;= 1, Cv = 0.003 cm /sec, Cc= 0.5, Cs = 0.1,
Pc = 26.5 Thn'

Sand 2, 5 m thick, Y, = 1.88 Tcm, Ysat=2.2 Tcm, E = 6,500 psi, |1 = 0.42,
Gs=2.67,e=0.5

[
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10.1.1 ngewruaaslitiudn mmiﬂﬁqmﬂztﬁm'lwxpm'lﬂ
AR mmuﬁwﬂqﬁunuﬁ'auuﬂﬁﬁ"\whﬁu consolidation setilement (S,) azfsdwanylutu
saturated medium clay 7 LLﬂTﬂﬂFj?:Wi"N%u sand 1 uaz sand 2 Ine/liiAn consolidation
settlement (S,) 'lu%u unsaturated clay ﬁumnﬂrj?:udw%u silty sand Waz sand 1 WY '
consolidation process acfmanzlufurumiluafiausasaeminmingy

10.1.2 AsLaMaMIAMINIMIAN S, Fiaen 58 ndennnizouin
AR 1. AU consolidation settlernent (S,) FauunRazAstu 41N induced stress Aifin
amimninAuns

2. %19 Time-consolidation setilement curve

>
3. ¥ Time-consolidation settlement curve 814AY S_ IRATL 13 1281 5 1] #AIRINNTON
c

GIT

10.2 3#903 InssarPedosnmnmewiudmaeniinin wirhwedorsnurimisaadssainse
o 2w 2 a 4 !
Furintng w) WA 28 x 10° kKN Fimansgusin idoonuuug 1us1nau (shallow foundation)

r ¥ »
UM ANIRT UG 10 mx10 m dMFumsusIngFuduguTInUsu Insamsaagl

W =28 x 10° kN (2.8 x 10° kg mass)

Footing 10 m x 10 m

Sand, b = 9.62 kKN/m’

Clay, Cc = 0.31, ¥Yb = 9.62 kN/m', Cs = 0.062 -
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10.2.1 Mangasiarasgusnazfinguniule

ARy 94 saturated clay
10.2.2 auilusiaann initial or elastic settlement vitali
gou Hantlufiamt mmzilanaesnniagafaudigia An elastic settlement 1#iHa

wun  lludn






