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,---------- ---- -- ·-----] ll, DESCli:I?l!IOli OF fiE BUILDIBG 'l'ECHB~~ 13E TES~....J) 

!&l.. •• .lllO!!! [ 4 J 
Adobe ia a soil Mlded brick vh.ich dries natul:all7 

under BUD • 

Adobe ia a teohJlio uaed tor aeTer&l tl;lousand ,-ears. 

It ia one -of the first buildi.ng ll&terial technic 

ua ed b7 II&D. kind • 

The word "J.DO:BE" , Spaniah vord, eo••• fro~~ the 

Egrpti&D. word " THOBI" (brick) vhioh ia translated 

b7 "O'f'!O:B• in Arabic • 

The standard production o! adobes is manual, but 

USA adobes factories preaentl7 use aech•n1cal meanss 

five ae.n can produce several ten thouaan.d adobes 

per d&7 • 

Adobe has a larp choice of production technics, and 

is eaa7 to ue for buildi.D.g • 

Use black cotton a oil (swelling cla7) to -.lee ado be a 

is Ter'7 di!ticul t beoaua• of the swelling and the 

J.rrva7, we shall tr'7 to teat 

the following means 1 
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'fo ailt awelliDg clq vi tb aaad. to pt a 

geed gr&DUlar c-..rn (anlliDc cla7 ia nr.r .tine). 

!o ue atraw te aTOi4 bic craoka , 

SV.oh &D .ldobe -cla vi tb awelling cla7 will 

noe4 a pod. aral:U.reotuoe 4eaip ancl a pe4 

plaateriDc • 

!al _gC~~JUspp liiii!il! [ 4] 
'ro make ceapreaaed bricka, aliptl7 ve't.P aoil ia 

in trocluoed in the .old et a prea ...... obiBe • ~· 

hip tore• 1• applied a the a oil b7 lenla, caaa, . 

rod8 or b7d.D.lllic jacka, !he aoil ia co111.preaaed 

and 1 ta nl-aae ia cU Tided b7 two • J...tter deaold -

in&' , we pt a COII})&Ct block vhich haa a .tare .tilliah-

1J4r, vAioh ..... like buJ:Dt brick a.nd which haa the 

nae buil~ aclftll'tapa aa ba:mt brick • 

C~zwaae4 aoil br1cka are uaed ainoe a recent 

tiae • · h:- '0 yean, tbia tealulio haa ben. the 
c 

aoat atacU.ecl &11011« aoil conaU.Ctia, azul hu got 

JI&Jl7 iaproTellen u • 

~ 

i 

! 

~ 

r 
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!he preaa - -chi.De pnbleaa :ban been the aoat 

atudie4 11D'til aow • ht the other BM}HI ot the 

brick abrioaUon alao need naohinea to be studied 

and deaigned 1 craahera , pulTerisera, ai!ters , 

Jll.ixera • !heae aachiaea iacreaae "he qaali 't7 of the 

bricks and deoreaae tbe eaezeT reqaeat {eapecially 

b7 decresaing the bilt.d!D& agent• quanti 't7 ) • 
;. 

Coapreased brioka atabilised with o ... nt aa7 use 35 

to 60 ~ energr leaa than bur.Dt brick• • 

Use black cotton aoil (awelling cla7) to aake comp­

reaaed bricks ia not an eaa7 taak • !o achieTe auch 

an ai.a , ve ah&ll teat "he tollowi..ng aeans s 

!o ·aix avelling clay with aand to get a good 

granular cum ~vellin« ola7 is Terr tine ) • 

!o ue liae 1 

1, !o help cra.ah1ng ot the dZ'7 lumps ot clay. 

2, !o avoid further swelling of the clay • 

!o preaa at ·hiP p::rean.re to a~id va ter ea pillar,. 
·: ... 

abaorption , (svellinc ot the cla7 is c sed by 

water abaor r ·tion ) • 

,( ... ~. 
!' 

~ 
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E JU.I:IIG 07 !'BE SJXPLES ~] 

~1 .lDODS -
g,l,l SOIL BX!R!C!IOB 

1, Extract the earth which would be used 

in a fUrther expe.ri111en t • 

2, Do not take the &boTe la7 of aoil which 
;. 

conW.ina llUOh organic -terial•, roots 

Br&•• and Boon th.i• ~q is about 20 to 

50 ea thick • 

3, ~ careful to aample a r~reaentative 

qualit,' and qu.a.nti;W of •oil * 

4, Needs tor -king teats about 60 to l20kg 

(one to three veluaea of a oeaent bag of 

50 kg ) • But it depends on the adobe 

aaaples to do .. 

5, Xeanre the natural water content and fill 

the •aapling chart • 

6, If the experi'll'\ent is not done i.Jimediat:ely 

atore the aoil in cloaed plastic bags • 

,. 

I 

~ r 
I 
\ 

( 

I 

r 

I 
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~,1,2 lift MIXDG 

211,21 1 Ra8aal Xf!i!l 

1, 

GEM!RX 1 t 

' 

r REM!RX 2 1 ---------
' 

' 
, 

, 
, 

P:eR!Z! tu riFt Ulftllt of eyer;r ooaw.nent 

of the S£!!1! (•oil, water, atm~, o-u.t,!~l!.- ) 

Percentage definition of •T" • QaantiU of:Z:!Jl.-!1 
Qaanti ty of aoil in Kg 

~ lnlil.~. 1 adobe vi th 30% of water and 

596 of lime means that 7011 will prepare 

Soil • 10 kg 

Water • 3 kg (3 1) 

Li.ae • 0 , 5. Kg 

For the a tra v, the quanti 't7 are gi Ten b;y 

X8/a3 of adobe • 

C&loulate the TOluae of adobes , ;you will 

u.ke V. 

!hen get the atrav nipt 70U need • 

Por !'!!Ple s Volume of ODe adobe • 10-3 a3 

required qUDti 't7 • 3dl<g/m3 

-3 -2 3 V 1 TOluae of 10 adobes • 10 x 10 • 10 a 

K
8

& needed straw veisht • ;o x V -2 
- 30.10 l<g, 

[~ • o,;oo kg j 
------ ------
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r~~-~] :Be oa:ret111 : 'rhe quanti t7 or water ili 

' 

gi~ tez a 4r7 aoil • 

It the •11 ia nt, 70U ... t correct the 

:ue4e4 va ter qli&Dti 't7 • 

- Wanted water content 

- Xatural water content 

- Xeeded water quantity 

- w V 

- w n - ~ 

w -V 
Weipt or water ill the llirmre • -~ 

w 
n 

Weight er dr;r aoil P d 

p2 
• w !i§h! or va ter 1!._ the natural aoi]. = ;-

Weight of dry' soil d 

~ - pl - p2 

c • Pd {V - W ) -v v n 

For e%&11ple 

w - -~ ~ 
V 

wn • 10 ~ 

P4 • Weilht of aoil • 10 Kg 

~ - 10 (0,30 - o, 10) - 10 % 0 ' 20 

~ • 2 J<.g water {therefore 2 liter.s .) 

r 

j 
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2, Put en%7 com.penent in a big ta.nk except 

the water • 

3, Jlli% tirat without water (dr:r aixing) 

4, Add va ter little "b7 little and every vbe-re . 

5, lU% w11ih 'l.'O'nla, :banda or feets until ;rou 

obtain an hom.opneou aixture (vet mixing). 

:Be careful I Do not let •oae of the material 

components iD the corner of the tank • 

6, If nece••a%7 {!or liae tor in•tance), let 

the aixture in the t&nlt tor a fev da;ra ; -

apr.iDkle water on 1 t eTe%7 da;r before molding 

and ooTer it with a plastic sheet • 

2,1,2,2 Mechanical aixiDg the process of the a1x1ng 

depend• on the a1% ture . 

_g,l 13 KOLD~ 

1, Keaaure the va ter content of the used soil 

~ture ( •e• 31 ) 

2, D1Te the adobe aold in water • 

3, 1'111 the aold vi th the •oil aixture b;r throri.ng 

1 t iD the aold 

- J'irat, !ill the corner . 

- !hen , the middle . 
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4, ~ aaeari.D.g vi th a vet ruler laid on 

the ed4re of 1ihe ·aold , leTel the adobe • 

5, It oc.aon a4o be aol d 

- Strip ott the adobe b7 tlaahing it on a 

wei8ht Xn01m teat ply wood • 

- clean the aold and 'M«iJL apin • 

it iS'!M 14.14.14 ern •14 (nJ.Pt J!.nGvn) 

strip otf the adobe 1;o 14 d&7s af'te&- drying .. 

6, Weight and meaaure the dilaenaions ot the 

a4o'be iaM41atel;r (aee 32 aad 33 ) 

7, Lab9l the adobe for tllrther experiments and 

aeasureaenta .. 

21 1 1 4 DRYIIG 

1, Dr7 during 3 da7a under straw . 

2, Dr:r during 11 d&7a vi thout handling the adobe 

e%oept on the teat pl7 wood . 

3, Dr7 during 14 da7B on the abort side of the 

adobe , .. 

4, Meaaure weight and diaenaions when it is 

required ( ~ 3 ) 

~ 

f 
I 

f 
\ 

r 

I 
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{ 2 , JUXIliG (g nm tUMPLEs J 

2 2 c~mu:c~ 
~----------

~2,1 SOIL IJIPBAC!IOI' 

2 1 2,2 SOIL DITIJG 

:ror -kin« a preaaed brioka, ve need a dry 

aoil ~t aeana leaa than l~ 

'l'here!ore apread the aoil on plaatio sheet 

tor aeveral da7a in the laborator,., if U ia 

poaaible, in a avn.,y part of the laborator,. 

- When the water content aeem"8 low, control it 

b7 mea.ur~ the water content • 

~,2,, GRIJDIIG 

l, paaa the aoil through the aieve of 6 llllli 

(AYIOR J2 38 9r 39) • 

2, . ~rind the luapa o! aoil which do not paaa 

throusn the aieve vi th a trowel. 

OR l'- Grind aSTm.all7 vi th a ·· a:u.ll ra.aer the big 

l~p• o! aoil up to a 2am diameter • 

' 2 - Hi% the a oil vi th 2 to 6% ot liae ( d17 aixing) . 
I 

3 - Let aoil and lime aettle tor 24 houra • 
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= 

! ,2,4 ~T 1f!XUG 

1, Prepare the rich't aacnmt of eTer,r oo~nponent 

of the 111%'tu:re (•oil, oeaent liae , , ) 

( •ee REMliXS l - 3 et 2,1,2,1 ) • 

2, The 111%-ture i• aeob&n1 oall;r prepared by 

qu.nt!t;r of about 1,5 Kg • 

~!-'!!!-E!! 

It you need l. 3 Kg of the following aoil mixture , 

8 " liae 

12 " wa-ter 

You prepared 10 tiae• of the tollovillg aoll aixhre, 

Soil • 1,200 Rg 

Liae - 0,096 • 
Tot:o l = ....,,2..96 11 

( Va-ter • 0,144 , • Ve-t aizing ) 

3, Pa.t the different o•l'llpo.a.ent• illto the bowl 

of the aortar 111%er except wa-ter (dr,r aixl.Dg) 

4, M1.% at low •peed vi th the aortar aixer for 2 an • 

f 

I 

! 
r 

l 

t 
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2,2,5 WET MIXIIG 

1- .&.dd the water into the bowl, and sprinKle the dry 

soil mixture. every- where. 

2- Mix at low speed with the mortar mixer for 2 ~n 

3- Scrape the soil which sticks to the edges of the 

bowl with the p~ddle. 

a- Mix Gt low apeed 3 mn again • 

-5- If necessary ( for lime for instance) a tore the 

mixture in a tank for a few days spri~le water 

on it every day before molding. 

g2~2~-~2~~!~~-E~~~!!~ 
·. 

( Numbers between brackets refer to the scheme of 

the 2500 D coapressive tes~er(~ 345) [3] ) 
1- Prepare the equipment , 

JIIODIJIIED PROC'rOR MOLD ( with collar extension) _ __._ ____ ----
Lubricate the inside or the aold to get an 

easy stripping • 

Put in the bottom of the aold a round sheet 

of paper to get an easy stripping • 
. 

Check all the screws • 
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COliPRESSIVE !ES'l'ER -
It is used as an experimental bricks-press 

machine • 

Lower down the screw ram (aee j 345 - 12 ) 

Check all •the tester {see t 345 - 3 ) 

CONCRETE CYLINDER 

This mortar cylinder has been aolded before in 

a modified PROC!OR mold • But the Tolume of the 

mold has been reduced by l mm thickneas sheet of 

paper round the aold • 

- Mortar is prepared vi th the mortar mixer and the 

following co ponent , 

Ceaent 

Sand 

Water 

• 1,500 X·g 

- 3,000 ~g 

- 0,660 " 

' 

(3 % 0,500 Kg) 

( ~ % 1 '000 " ) 

(3% 0,220 1) 

i.e !hzee mtxtnga with the aortar aixer • 

2, Pill the aodified PROC!OR aold with 3 ~g aoil aixture 

Full carefully the aold not to get eapty spaces , but 

do not compact vith hands or trowel • 

I 

f 
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3, Put the concrete cylinder above the soil mixture 

filling • 

4, Drive it into the mold and begin to compact the 

soil mixture manually • 

5; Put the modified PROC!OR mold tull of ·soil with 
;. 

the conore te cylinder on the cent e." C)f the , 

lower p\ et tent 7~. 

6, Work up the aorev raa (a) and coapact the more 

it is pos•ible by thi• mean • 

7, Check if the ball mounted top platen (1) is well 

arranged • 

8, Switch OB (12) 

9, Look at the black needle on the low pressure gauge 

scale (4) • 

10, When the needle reaches ~e required compressed 

force, switch OPP {12) , Normally this force vill 

not be aore than 500 'kN • Therefore the 2500 KM 

pre•sure gauge scale i• not used • If it is needed 

to go OTer 500 bH, refer to ? 345 - 7 • 

r 
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Never MoTe the loa~ ajuataen~ deTioe (11), and 

let it in lover ap 4d , 

-
Calculation of the required com preaaed for , F • 

P • wanted ooapreaaiTe atrength. 

S • area ot the upon aide ot the brick . 

., • p % s 

!'2L Example 

p • 60 bars • 

s • . (Q.z.12i • 
4 

F • 6000 X 0,0177 

r;-:-~~-Kll . i 

6000 D I m2 

2 0,01771 m 

(area for aodi!ied PROCTOR mo1d) 

11, Turn on the unloading deTioe ( 13) 

12., Lover dovn the lover platen(7) b7 turning down 

the acrev rqa ( 8) . 

13, ~· the aold out the ca.preaaiTe ~ea~er • 

14·1 !ake ou~ the oonore~e 07linder 

15, Dia1101mt the aold and atrip ott the coapreaaed 

brick 

16, Weign~ and aea.ure the ooapreaaed brick imaediatel7. 
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17 , X..bel the ooapreaaed brick tor further 

experiaenta and aea.ureaenta • 

18' Clean and lubrioa te the aodi!'ied PROC!OR 

aold ; 

19 ' Clean the lover platen (7) and the . debris-

tra7 (10) ot the ooapreaaive teater • 

20, To aold a new brick , go back to 1 • 

2.2.7 BRICKS DR~IIG 

- Dry in the l&borator.r on tl&t gratea during 28 

da7a ( oeaent at&~ I ization ) , or 90 da7a (liae atabi­

lization ) 

~ I 
I 

- Me&IIU%'8 weight and diaentiona when it ia required (i'), l 
I 

l 
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~..L- MJU.Stilk6f§_1iD !Es!s 1 

la.!-~i-l!!D!...2.2!!P..! 

[~ __ J#¥!6DUC!fQ!] 

l.!~ 

To con-trol !£ the vanted water . contmt 

is richt • 

lj2 PJ!!gm! 
Measure ot the water content by sampling 

a f ,ev quantity (about 50 g) of the soil 

Dlixture which is prepared to be aolded • 

u:~§ni!~~~ 

~.~S!!!L~ 

Cup 

Stove 
- Automatic Scales 

2 2 CHEMICALS AliD O'rBER 

-~-=~----------------
~~ml..J.!!!'IO! 

~-!IS! B!§E!IP!IG~ 

1, Veisht tile(.uJ a P~ 

2, Weight the oup tull of the vet soil 

aixture PZ. 

3, Put the cup full or the soil :~~ixture in 

the atoTe tor about 24 hours • 

4, Vha the soil aixture is dry', weight 

the cup full of the dry soil mi:r.'h:.re. 
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~-CALClJL!U.,O!!.f.D>.!!§~~ 

Pl - Weight o! the cup. 

P2 - Weight o! the cup tull o! the vet soil 

11i.%ture • 

P3 - Weight o! the cup tull o! the dry soil 

mixture. 

P2 - P3 • Weight o! 'the water contained in vet 

soil mixture • 

P3 - Pl • Weight o! the dr;y soil mil:ture • 

W • water content • 

1:_:· _P2_- P, ____ 
P3 - 11 

Accuracy • P z 0,5 gramme W • 0,1 % 

~~-f2§§~~P.!!L!.U..A!!~ 

e oup is not dry when Pl is measured • 

... e drying o! the soil mixture is not finished 

when P3 is meas~d • 

Lott o! soil mi%ture during the experiment , 



L 

\ 

L 

l 
l 
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~ U..-2m!.!!!!!!§ 
Do not torget that water oontent is changing 

' ' 

at everr time I 

~~-EXi'Liiillofl!D!imPUf.t!i:OB-:1 

If 

If 

If 

Compare the aeaaured water content (wm) 
with the wanted water content (Wv) 

w > w - Add more va ter in the soil mixture 
V m 

w - w - It is good 
V Ill 

wv < w. - Add leas vater in the soil aixture, 
: •. •t 

: 

" -~~M 

A bad water content at the aolding of the brick ma;r 

have an effect on ita further coaportment 
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~~~~s m-!Es;s-1 
3, 2 SIZE MEASUREMENTS . . ·------------
E_!!TRODUCTION\ 

Control the right ini ial dimension of the bricks, 

' follow and know the shrinkage ~ or the ·swelling or the 

bricks according to the age and the cendition of storage . 

l ~!!!!!!£!P~~ 
Length,breadth, thickness, diameter are measured just 

after the molding, 7,14,26 and 90 days after the molding. 

~ pt~T ME :m®: I 
2,1 EQUIPMENT ..... -------

ruler. 

~t~.~.£~SALS .qD _.2THER-UODU£I~ 

none. 

~ .1. L PREP_qAT!fll' 
'• 

none. 

~~1'E~-~E!F.!..l2! 

For every dimension, at the required time(0,7,14,28,90 days). 

- Meas~ it on different places of the bzfok (3 or more and 

oaloula te the average ) . 

I 
\ 

r 
! 
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~~.£!~~!!21"-Lm..Y~~~ 

D finition of shrinkage or swelling of the dimension 

- d 1 the initial of the measured dimension 
di 

- i 1 number of da;ra after mold.ing for the 

aeaaurement • 

S(d) • shrinkage or swelling atter i day for the 

dimension d , 

r----------------------------, 
f 
\ Si (d) 

L_ 
----~=-=~~---- I 

d dry(28 or 9~ day$)" _ 

- d could be also a volume • 

~~!2 

[mj • si (d) : ± o,o1 % 
d : + lmm • ! 0,001 m -f.j- si (v) : :!.0,1 % 

V:+ 3,1o-5 ·' -
d . ± 10-3 m3 

f %] L 
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. ~. ~§§PLE jiSif m~!!!~ 

:Bad choice of the aeanreaent places; they 

have to be placed all around the brick • 

bad aeasureaenta • 

E, -~~~~~::~~ ~-~T~~A!IOB ] 

si > o • . swelling 

si < o • shrinkage · 

a good linear shrinkage during drying is less 

than 0,2 " (2mm /m ) [1] 

' 

I 
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~-·------------------·--------i 3, MEAS'OllEMEftS llD !ES!S 

~--------------·-----------

·tdaa~IGfia~~ 

{~:::~~DUc!~o•Jr 
1,1 AD! 
::ss:saa: 

!o know ~· tiDal veicht ·of brick • 

To know the quickne•• ot the d.r7ing or of . . 

abaorption ~d the tiDal water content of the 

brick after nQtural dr.rinc • 

To know the fiD&l TOlwllio u.•a of the brick . 

1 2 PRIBCIPLE 

-'---··-------
To mea.ure the weight after 0 , 3 , 7 , 14 , 28, 

90 da;rs • 

!2, !!S! D!ROD _, 

2 1 EQUIPMEft ri::a:••··-·-·-· 
Automatic acale• {accuracy t 0,1 ~e) , 

2 2 CHEMICJ.LS UD OfiER PB.ODUC!'S 
~-=======-=-~~-•sexaa= -

2 3 PREP!BATIOI 
~!!!:!!!!!!!l••:::s: && • L!2 

Bone, except !or adobe • 

At 0 day , the ado be is audd;r , '.therefore 

it muat be molded on a weight Known pl;r wood, 

and be weighed vi th thia pl;r wood • The adobe 

weight will be calculated by substraction • 
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~d...!!S' ~E!IPf~! 
-
Put the brick on the automatic ecalea • 

Read the weight • 

Vri te it on the reeul te chart • 

~~S~l:W2!8.W.!!!~ 

~J.~!--l!iC~I!-2!-~U~ 

Wi • water content a!ter i da;rs of dr;ring 

p di .• percentage or dr;ring a!ter i days or 

dr;ring ' 

[p~i--~ ~~~-- --] (I) 

Initial datae • Wo 1 aolding water content 

P1 1 weisht after i da;rs of dr,ring 

w -i 

Wo • 

P water -p dry 

!~-=-~-~--
Pdry 

!!i. - p m 
' Pdry" 

~ 

: (l) 

PC!...-­p dry" • l +WO (2) 

r 
I 
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(1) and (2) give 

Vi • 

Po 
p -i 1 + Wo 

---·-po ------ • 

1 + w. 

~i-~1 + ... ) - E.a __ 
po 

Therefore (I) beo•mes 

pc:li -

v _ P 1 (1 + w.)-P _!_____ Pa o ·----... 
pc:li-

Po'w'o _P1(1+ _Wo)+Po 

V a 

pdi • (Po - Pi) (1+Wo) 

Vo 

J.couracy 
Pi ; t 10-1 

~ 

'W . + o · -
10-l ·% 

pd~:± 2 ~ 
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The final water content is the water oontent after 

28 {or 90) da78 of dr,ring or absorption • 

' I 
I .r 

W . • -~__: ~ ( 1 + V ) -1~ . 

-~----~----- 0 _I 
!~~~: pi : + o, lg -

Wo I + o, 1% -
wi ' + o, 196 -

~~~LJ:inaL!.21ue:~*~!! 

The final Toluaic .aas ia the TOlumic mass after 28 

{or 90) days of dr7ing or Gbaot"ption , 

Mi • Mass of the brick after i days , ~~ 

V 1 • Voluae o£ the br1clc a1'ter 1 da;ra [•3] 
f i • VollUilic aa.se of the briok after i d.a;rs , [Kg / m 3] 

Mi 

r'i - -
Vi 

... 

r 

I 
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!ccuracra- Mi I + - 10-4 kg , 

V I + 3,10-5 m3 -
p 

' + 100 kg / m3 -

2 6 POSSIBLE !EST MIS!AXES aSaw:_ --=zwz•-•••===•••=-:-

Bad handling o! 'the brick which 
. 

i t• weight change•. Be e&re!ul when 70u handle the 

brick I 

~-----------------·----------~~, EXPLIJIATIO!l-~ 'nm:RPiftJ.!IOB 

pdi > 0 : cir7ing 

pdi < 0 1 absorpticm 

Absorption !or •W.bilised adobe• { 1] 

t p d7- .. , 

tpa1 I 
2, 5 ~ 

2~ I T817 good quali"t7 

2~ to "' 1 good quali t,-

3" to 4~ 1 poor qual! ty 

4" 1 bad quali t;r 
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:r1na1 water content after dr,ring < 496 

good atabilised adobe [ 1] 

Vol111ll.C aaoo [4] 

-- __ _.... ____ 
'JDLUl'!IC MASS COMPRESSED BRICKS --- ------

'tr/et(a!ter) t Minimum 1870 kg!m3 -- --------------
Mo1ding ) Recommended 2200 qjm3 
-

Minimum 1700 kg/m3 
Dry - --

Recommended 2000 kg/m3 

•, 

·· '~. 

-
.nOBES 

--, 
_, 

I ----
---

1400 kg 

-t ---.......-

---1 ,--

=1 

r 

I 

r 

r 

r 

I 
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[~:-~SlJiiE!meS UD HS~~ 
~~-~!~~-COMPBE~siVE_§2!!g!~ 

(1, IftRODUC!fiO• 

!al .llM 

·To mow the aecban1 cal coapor1illent of the brick 
;. 

after dr,ri.Dg (dr,r collpreaaiTe strength) and after 

28 days of absorption .(vet compreaaive strength). 

1,2_£!!!£.~ 

C011preaain strength teat used for concrete Sa.JDple . 

GL-!!~ !m!!2BJ 
~~-EQU~,_! 

· 2500 Kl OOmpreasive Tester • 

~~CHEMICALS ABD O'l'HER PRO~~ 

~~ PiEP!RJ.U2!_2! !HE '!'!!! 

If the aide ot the brick in the coapreaaiTe strength 

direction are not tlat and nooth, they muat be planed 
I ' 

and aoothed, ~itzznz:!az, 
- Prepare tor that aim a · 

pure paste of li.Jie 

lime /water: 2 /1 
Put the paste on the 
two side s of the brick , 
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- Cure the paate b7 putting the brick between 

two hea~ &nd aaooth aurf'acea (ll&rbles for 

inat&Dce ) 

Marble• ~ I I /Pure paste 

~~ih..!!~!.:2~~W..n2!! l3 ] 
Numbers between brackets refer to the scheme of 

the 2500 coapreaaive teater 

1- Put on the canter of the lover platen (7) the well 

prepared brick .. 

2- Adjuat to the ball mounted top platen (1) against 

the upper aide of the brick b;r working up the screw 

raa (8) • If it ia needed to riae up the brick aore 

than 6oa, put thick iron tra7 on the lover platen( 7) 

before ptti.D.4ir the brick • 

3- Check - !he 11llload.ing devioe (13) put it to sero .. 

!heload.ing adjuataent device (11) put it 

at the lover speed • 

!he autoaatic isolation value and cock of 

(4) (5) : the low pressure ~ scale 

IIUSt work at the experiment. 

[ 

. ' 
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1 z J 4 5 6 

7 89 10 1f 1?. 13 

t500t\N COMPf\ESS\VE TE~TE:R 



2 5 00 kN C OMPRE5 51V[ TESTER r 

BALL MOUNTE.D 1 
TOP PLATEN ~ i 

TOP PLATEN 
-

\VEDGING D[VtCE 
2 

\x/ELDED FRAMEWORK1 3 

LO'W PRESSURE 
GAUGE SCALE 

AUTOMATlC 
150LATION VALVE AND 
COCK OF 4-

PRE55URE 

GAUGE SCALE 

LO'w'ER PLATEN 

SCRE\v' RAM 

HYDRAULIC JACK 

DEBRIS TRAY 

4-

5 

6 

7 

8 

9 

10 
LOADING ADJUSTMENT, 11 _ 
DEVICE 

-~ -- --

! 

/ 

l1 



I 

. 

. 

. 
. 

' 

' ' 

! 

' -

]:)1/\JG 
<Ll ·8 N\OVOINn 

i 
. 

-z~ .. :L:JO/NO HJJJAS 

'c:J3j_S3j_ J/\ISSJddWO J N>1 OOS"G 
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- '.rhe sero ot the tvo pre••ure gaup scales 

(4 and 6 ) b,- putting the zero ot the scale 

ill front ot the black pointer • 

- .A.djv.at the red poi.Jlter jut abon the black 

poillter • 

4 - Svi tch Olr (12.) 

5 - Check at eTe%'7 time , 

- The presnre gauge •oale ( 4 &nd 6 ) 

- 1!he te•UDc •aaple • ~ careful not to be 

hurt b7 a T.lolent cra•b1ng ot the sample •. 

6 - If the presnre ri•e• up too alovl7, increa•e 

the •peed 'b7 tn,1ng ot the loadillg adjuataent 

deTice (ll) • 

7 - '~When the low pre••ure gaqe •oale ( 4) is reaching 

450 D , ta.m ett quickl7 the automatic isolation 

value and cock (5). 

8 - "hen the aaaple i• cru8hed ~ 

- !he black pointer tall• dova. 

- The red pointer illdioatea the crushing coapre••in 

torce F • 

- Turn on the unloading deTice (13) 

- Switch an (12} 



i 
L 

I 
I ,_ 

l 

9 - Down the lover platen (7) b;r turning down 

. The acrev raw (8) . 

10 - hke the cnahed brick out the coapreasiTe 

tester • 

11 - Clean the lover platen (7) and the debris tra;r(lO). 

12 - If' necessary tor turther experiments, 

lo~er down th-e h;rdNulic jack (9) vi th the car 

lifting jack placed betven the lover platen (7) 

and the ball aounted top platen (1). 

~2....2!J&EL'l!.Q11S ~!!§~~ 

F • on•h1ng coapreaain force [ KN] 
P • craahing compresaive pressure ~ba:J 

S • horisontal area or the brick [me. J 

l F -2 
_P • ;s-x __ 1_0 ______ -J 

Accuracy F • + 5 KN --
P • + 3 bars 
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To convert to another unit pressure uae the 

figure on the tolloving page • 

For eTerT type ot brick, mea.ure the oompressive 

strength tor 3 samples • 

~::.-:~OSSD!:!..I!S! ~ST.lXE.J 

_Not fla~ and smooth horizantal sides of ths brick 
I 

_bad place of the brick on the lower platen ( 7 } 

-bad making of the brick ( especially bad mixing 

of the soil ) 

1 



1U-+ N/nf= i. kN1"'1=ki MN/m1:MFa K3 1 trn1 P· &. I. bar Q~M VW\M \-1 J 
VAUTl (p.\J . 

• • 

N /""1
=- Pa 10 3 

. ; 
3 .105 5 1 .10 6 5.B 1.,10~t 6.8S.10 1.013.r10 13 3.2. (.~.i) 

. 

I 

kN/nr::kPa · 1 o-3 1 103 ~B .1 6 .B~ 101 101 .J 0.1332 
' 

1 o-3 -'3 i 

MN/mt.:.MR 1 o-6 1 0.0381 1 o_, 0.1013 0.1332 .10-"ll 6.B~.10 r I 
~ \ 

I 

~ 
J 

I 
~ 

K3/c~na. -' 10.1~.10 10.1 ~ .10 ~') 10 . 1~ 1 0. 0703 1.02. 1.03:3 8 -~ 1.35 .10 ' 
I 

' 

p.s. i. 0.1'r5 1. 10'3 0.1't51 11-5.1 11-12_ e 1 1't.51 1~.7l6 19.3.10-3 
' 

bar 1 o-s 1 o·1 10 0.981 O.OGB~ 1 1.013 1.3'32. .10 ·'3 

Qtm 0.~.10~ 0.387~ 10-2 9.B7 0. 967 6.79.10 -l 0.~7 1 1.3l5J0-'3 
I 

mm~ 7.507.10~ 7.507. 7507 736 .~ 51.17 750.7 760 1 
--- .. 

---~ -- ----- -
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. , 
-... 

- Minimum wet opPressive strength SW • 10 bar 

" 
- Ma.% 

d.ry " " S!1 • 40 " 
wet/d.r)" " " Ratio SD. <4 

SW 

Mean of stabilizing Dr7 compresaive Strength 

Cement 50 to lOO bar 

Lime 30 to 80 " 
Bitcmle 15 to 60 " 
J'ibre 5 to 20 " 
Cheaioala 20 to 40 " 
Stroq oheaicala 150 to 400 n --

Stabilised adobe~ [ 1): 
USJ. : dr7 Ooa})reaain ·~ ) 24 bar 

PERU : ch7 coapreaaive strength > 17,6 bara good quali 't7 

14 to j17, 6 barsaediUil " 

< 14 ba'l'z bad " 

Compressed brick ( CDIV.l) . ~ l 
ONU s wet oompresaive strength) 14 bar • 
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3,5 WATER ABSORPTION 

-----------~----------

(f~:-rmoE~TI:2!J 
1 1 ADI 
-~-----
To know the capillar,r water absorption of a molded 

and dr7 brick • .. 
To stud,- the comportment o! the brick against water. 

1 2 PRiliC~ 

~------------
Measure of the weight increasing when the bottom of 

the bricks is in contact with water during 28 days • 

2 1 EQUIPMENT ••••••.-t•.-•a••• 

A tank . 

SUpports . 

One stainless grate . 

»letting or filter paper. 

- Thermometer . 

! 2 CHEMICALS llD · OTHER PRODUCTS 

-~----------------------------
Water. 



1 z 3 

-
;:. 

THERMOMETER 

BLOTTING OR 
FILTER PAPER. 

-~ -

4 

1 

z. 

STAINLESS GRATE 3 

BRICK UNDER STUDY 4 . 

SUPPORT 5-

wATER LEVEL 6 

TANK 7 

AB~ORPTION TE~T 

5 6 7 

i 
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. ~ 

Weight the grate recovered or paper~Jn. 

- Weight at 0 , 1 , 3 , 7 , 14 , 28 da78 the 

brick put on the grate: m1 Check the tempe­

ra ture and note it on the chart • 

- The weight of the brick is Mi .• m1 - m • 

- Fill the t&nk with water up to the right 

level every d&7 • 

See 33 1 WEIGHT MEASUliEMENTS • 

- Report the result , cn a ~h. 

2 6 POSSIBLE TES~ MISTAKES 

-~-----------------------

See 

Bad handling of th8 wet brick. 

- Too much over water on · the grate when -

maaa ia measured • 

3 3 WEIGHT MEA.SUREMEITS 

r 
r 

~ f 
i 
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3,6 EROSION TEST 

·--------~-------

1 1 AIM -·-----
To know the comportment of the brick against the 

fall of the rain .. 

1 2 PRilfCIPLE 

-~------------Water drips from a pipette and falls down 

regularly on the tested brick • 

- Tank. ' 

- Supports and wedges. 

- Pipette. 

- :Bucket. 

- A pipe. 

- Water. 
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\~--------------4 

I 

GRATE 

TANK 

BUCKET WITH wATER 

wATER-PIPE 

P\PETTE 

BRJCK UNDER 5TUDY 

5UPPOF\T5 AwowE DGE 5 

Ef\0510N TEST 

1+-------- 5 

t---z 
~"t------t~r-"'t'1---t-- 7 

1 : q 

2. 
' 

3 ' ., 

5 

6 

7 
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2,4 TEST DESCRIPTION 

----------------
Weight the brick before the experiment ~ Mo • 
Measure the thickiless of the brick :e

0
. 

Check regularly the level of water in the bucket. 

Be careful that the bottom.of the brick is not 

in water. 

A..fter 28 d.ayf!, dry the brick in the stove during 

.48 hours. 

Weight the brick • M' 
0 

• 

I 
Measure the thickness of the brick • e

0
, where the 

drops fall • 

r~=-=g~ ~ Mo-~~~~1 
L_ - MO 

- vri ting notes 

~~:.~~:!: M0: :t 1 o - 4 
kg 

Mo-M~:! 10-2 % 
Mo 

accuracy : e, .+ . -
-----e()-~ 

eo 
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The drops fall dovn on a part oular point 
of the brick • 

Irregular cadence of drippi.J:l8 . 

' Bad measure of e 
0 

It is a not preoised teat • 

•. 
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[ 11 CONSTRUIRE 'EN TERRE, par le Craterre, 

P-Doat , A. Hs.ys , H.Hou.ben, S.Matuk: , 

F.Vitoux , Editionsalternativea, collection 

An Architecture • 

[ 2j PERRIER, !l'otioe BM 32 D , MORTAR MIXER. 

RILEM cemburean Method , Com)llying vi th AFNOR Pl5-411. 

Recommandations pour la conception des batiments 

du QUART !ER EN TEliBE DE L' ISLE D' ~U, PLAN 

CO!I'STRUCTIOX , Secretariat permanent ministere 

de 1 •Urbamieme et du Logement • 



Part 2. 
British Standard soil testing proceudres (extract) 



BS 1377 

British Standard Methods of test for 

Soils for 
civil engineering purposes 

1. General 

1.1 Scope 
This British Standard specifies methods of test for soils for civil engineering purposes. 

NOTE. The titles of the British Standards referred to in this standard are listed on the inside back cover. 

1.2 Definitions and symbols 

1975 

1.2.1 Defmitions. For the purposes of this British Standard the following definitions and those given in BS 892 
apply : 

(I) Liquid limit ( LL). The moisture content at which a soil passes from the plastic to the liquid state, as 
determined by the liquid limit test. 
(2)Plasticlimit (PL). The moisture content at which a soil becomes too dry to be in a plastic condition, as 
determined by the plastic limit test. 
(3) Plasticity index (PI). The numerical difference between the liquid limit and the plastic limit of a soil. 
(4)Non-plastic. A soil with a plasticity index of zero or one on which the plastic limit cannot be determined. 
(5) Particle size distribution. The percentages of the various grain sizes present in a soil as determined by · 
sieving and sedimentation. 
(6) Cobbles. Rounded or sub-angular stones of sizes between 200 mm and 60 mm. 
(7) Griiiiel fraction. The fraction of a soil composed of particles between the sizes of 60 mm and 2 mm. The 
gravel fraction may be subdivided as follows: 

BS test sieve sizes to be 
used for separation • 

Coarse gravel 60 mm to 20 mm 63 mm to 20 mm 
Medium gravel 20 mm to 6 mm 2 0 mm to 6.3 mm 
Fine gravel 6 mm to 2 mm 6.3 mm to 2 mm 

(8) Sand fraction. The fraction of a soil composed of particles between the sizes 2.0 mm and 0.06 mm. The 
sand fraction may be subdivided as fo llows: 

Coarse sand 
Medium sand 
Fine sand 

BS test sieve sizes to be 
used for separation • 

2.0 mm to 0.6 mm 2.0 mm to 600 ~m 
0.6 mm to 0 .2 mm 600 ~in to 212 ~m 
0 .2 mm to 0.06 mm 212 ~m to 63 ~m 

(9) Silt f raction: The fraction of a soil composed of particles between the sizes 0.06 mm and 0.002 mm. The 
silt fraction may be subdivided as follows : 

Coarse silt 0 .06 mm to 0 .02 mm 
Medium silt 0 .02 mm to 0 .006 mm 
Fine silt 0.006 mm to 0.002 mm 

(10) Clay froction. The fraction of a soil composed of particles smaller in size than 0.002 mm . 
(I I) Cohesive soiL A soil which, by virtue of its clay content , will form a coherent mass. 
(12)Non-cohesive soil. Granular soil. A soil which will not form a coherent mass. 
(13) Sampling. The selection of a representative portion of a material. 

•These .;e the test sieve sizes nearest to the theoretical sizes. When the 2.0 mm and 63 11m sieves are not available the 236 mm 
(No. 7) and 75 11m (No . 200) sieves may be used without seriously affecting the result. 

5 
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(14) Quartering. The reduction in quantity of a large sample of material by dividing a circular heap, by 
diameters at right angles, into four approximately equal parts, removing two diagonally opposite quarters, 
and mixing the two remaining quarters intimately together so as to obtain a truly representative half of the 
original mass. The process is repeated until a sample of the required size is obtained. 
(15) Riffling. The reduction in quantity of a large sample of material by dividing the mass into two · 
approximately equal halves by passing the sample through an appropriately sized riffle (or riffle box). The 
process is repeated until a sample of the required size is obtained. 
( 16) Compaction. The process of packing soil particles more closely together by rolling or other mechanical 
means, thus increasing the dry density of the soil. 
( 17) Consolidation. The process whereby soil particles are packed more closely together over a period of time 
by application of continued pressure. 
(18) Bulk density. The mass of a material (including solid particles and any contained water) per unit volume 
including voids. 
( 19) Dry density. The mass of the dry material, after drying to constant mass at 105 o C, contained in unit 
volume of undried material. 
(20) Moisture content*. The mass of water which can be removed from the soil, usually by heating at 105 °C, 
expressed as a percentage of the dry mass. 
(21) Optimum moisture content. The moisture content at which a specified amount of compaction will 
produce the maximum dry density (see Fig. 1). 
(22) Maximum dry density. The dry density obtained using a specified amount of compaction at the optimum 
moisture content (see Fig. 1 ). 
(23) Relative compaction. The percentage ratio of the dry density of the soil to the maximum dry density of 
that soil, as determined by a specified laboratory compaction test. 
(24) Dry density/moisture content relationship. The relationship between dry density and moisture content of 
a soil when a given compactive effort is employed. 
(25) Percentage air voids. The volume of air voids in· the soil expressed as a percentage of the total volume of 
the soil. 
(26) Air voids line. A line showing the dry density/moisture content relationship for soil containing a constant 
percentage of air voids. (Air voids lines are shown in Fig. 1.) The line can be calculated from the equation: 

where 

~ 
100 

Pw -----
+ w 

G s 100 

Pct is the dry density of the soil (Mg/m3
); 

Pw is the density of water (Mg/m3
); 

V a is the volume of air voids in the soil, expressed as a percentage of the total volume of the soil; 

G s is the specific gravity of the soil particles; 

w is the moisture content, expressed as a percentage of the mass of dry soil. 

(27) Saturation line (zero air voids line). A line showing the dry density/moisture content relationship for soil 
containing no air voids . The saturation line is also shown on Fig. 1. It is obtained by putting Y a = 0 in the 
equation given in definition (26). 

*Although the term moisture content has been used throughout-this standard, the term water content is also widely used and 
either may be employed. 

6 
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1.9 

1.8 

~ 1.7 

Ill 
r:: 

" "0 

>. 
L.. 

0 

1.6 

0 

M11ximum dry density -----

Compact ion curve 

5 10 IS 

Moisture content ( ·;.) 

Fig. 1. Terms used in compaction tests 

20 25 30 

1.2.2 Symbols. For the purposes of this British Standard the following symbols and those given in BS 1991 : Parts 
1 and 4 and used: 

Term Symbol Term Symbol 
Moisture content w Secondary compression ratio 's 
liquid limit LL Vane shear strength s 
Plastic limit PL Penetration resistance N 
Plasticity index PI Unconfmed compression strength Uf 
Non-plastic NP Maximum principal stress difference (al - a3) r 
Linear shrinkage LS Specific gravity of soil particles Gs 
California Bearing Ratio CBR Bulk density of soil Pd 
Coefficient of volume compressibility Dry density of soil p 

(one dimensional) my Density of water Pw 
Coefficient of consolidation c., Percentage air voids V a 

Initial compression ratio 'o Degree of saturation Sr 
Primary compression ratio 'P 

1.3 Apparatus 

Apparatus shall comply with the requirements of British Stanrlards, where these are available. For example, 

BS 410 Test sieves 
BS 593 Laboratory thermometers 
BS 604 Graduated measuring cylinders 
BS 718 Density hydrometers and specific gravity hydrometers 
BS 733 Density bottles 
BS 846 Burettes and bulb burettes 
BS 1583 One-mark pipettes 
BS 1 739 Filter flasks 
BS 1752 Laboratory sintered or fritted filters 
BS 1792 One-mark volumetric flasks 
BS 1923 Glass filter funnels 
BS 2648 Performance requirements for electrically-heated laboratory drying ovens 
BS 3423 Recommendations for the design of glass vacuum desiccators 

7 
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For the type of materials covered by this British Standard full tolerance sieves will be sufficiently accurate. 
Sieves with 5 mm aperture size and above shall be perforated plate square hole test sieves. Below that size they 
shall be woven wire test sieves. 

The essential details of the equipment illustrated in this standard have been indicated by asterisks in the figures. 
The manufacturing tolerance.s on the essential dimensions shall be as shown below unless other tolerances are 

shown in the figures . 

(I) ± 1.0 mm on dimensions greater than 300 mm. 
(2) ± 0.5 mm on dimensions between 100 mm and 300 mm as fractions. 
(3) ± 0.15 mm on dimensions up to and including 100 mm. 

Where mass is an essential requirement the tolerance on the mass is shown in the figure. 

NOTE 1. The following range of balances covers the requirements of all the tests in this standard: 

Capacity 

Accuracy 

100 g 

0.001 g 

250 g 

0.01 g 

1 kg 

0.1 g 

2 kg 

0.2 g 

5 kg 

0.5 g 

10 kg 

1 g 

25 kg 

5 g 

NOTE 2. The following palette knives cover the requirements of all the tests in this standard: 

Length 100 mm 200 'Pm 

Breadth 20mm 30mm 

1.4 Grouping of soils 

For the purposes of the tests described in this British Standard, soils shall be grouped as follows: 

(1) Fine-grained soils. Soils containing not less than 90% passing a 2 mm BS test sieve 
(2) Medium-grained soils. Soils containing not less than 90% passing a 20 mm BS test sieve. 
(3) Coarse-grained soils. Soils containing not less than 90 %passing a 37.5 mm BS test sieve. 

The grouping of a soil thus depends on the result of a sieve analysis. Any soil shall be regarded as belonging to 
the finest-grained group appropriate under the definitions given above. 

Soils with a greater proportion of material than about 10 %retained on a 37.5 mm BS test sieve cannot usefully 
be examined by any of the tests in this British Standard except the sieve analysis and the plasticity tests. They 
would, of necessity, fall into the range of materials" classed as aggregates which are covered by BS 812. 

1.5 Preparation of disturbed samples for testing 
1.5.1. General This clause covers the preparation of soil samples as received from the field and their allocation 
for subsequent tests (see Note 1 ). 

1.5.2 Apparatus. The following apparatus is require-a: 

(1) a balance readable and accurate to 0.1 g. 
(2) a balance readable and accurate to 1 g. 
(3) a means of breaking up aggregations of soil without reducing the size of the individual particles, e.g. a 
mortar and a rubber pestle similar to the one illustrated in Fig. 2, or a suitable mechanical device. 

(4) British Standard test sieves of the following sizes: 425!lm, 2 mm, 5 mm, 20 mm, 37.5 mm. 
(5) a thermostatically controlled drying oven capable of maintaining a temperature of 45 °C to 50 o C and of 
105 °C to 110 °C. 
(6) Sample dividers, e.g. of the multiple-slot type (riffle box) similar to those shown in Fig. 3. 

ISO mm 

joint 

(/J 40 mm 

Wood handle 

min. 

Titis design has been found satisfactory, but alternative designs may be employed provided that the essential requirements are 
fulfilled. (Essential dimension is indicated by an asterisk) 

Fig. 2. Rubber pestle 
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NOTE. All dimensions except A are approximate only. 

Maximum size Number Internal dimensions 
of sample of slots 

A B 

mm mm mm 

40 8 50 150 

20 10 30 130 

10 12 15 80 

5 12 7 20 

BS 1377 · 1975 

I 

Internal dimensions 
of the boxes (3 required) 

c D E F 

mm mm mm mm 

70 230 150 400 

40 150 100 300 

30 120 90 200 

15 50 50 90 

This design has been found satisfactory but alternative designs may be employed provided that the essential requirements are 
fulfilled. 

Fig. 3. A suitable type of sample divider (riffle) 
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1.5.3 General preparation of sample (see Note I). The general method for the preparation of a sample is as 
follows : 

(I) An assessment should be made of whether the soil is to be classified as a flne-grained , medium-grained or 
coarse-grained soil (see 1.4). In many cases this will be known or self.evident but, in doubtful cases or where 
confirmation is required , a portion of the sample should be sieved through the appropriate sieve or sieves, 
generally using the procedure given under Test 7(A) or 7(B). The size of sample used for this shall be in 
accordance with the following table . 

Maximum size of material present 
in substantial proportion 
(more than 10 %) 

mm 
> 20 
< 20 but> 2 
< 2 

Minimum mass of sample 
to be taken for sieving 

kg 
15 
2 
0.1 

(2) The total mass of sample required depends on the soil group and the tests to be carried out but , to ensure a 
representative sample, the total mass should not , in general , be less than the following minimum masses : 

fine-grained soils 500 g; 
medium-grained soils 5 kg; 
coarse-grained soils 30 kg 

The actual mass of sample required can be assessed by multiplying the mass given in the table below (which 
includes some allowance for drying , wastage and rejection of stones where required) by the maximum number 
of tests envisaged. Where the total mass of sample so calculated is less than the minimum mass given above for 
the appropriate soil group then that minimum mass shflll be taken. 

Type of test Soil group 

Fine- Medium- Coarse-
grained grained grained 

Moisture content Test 1 (A) 50 g 350 g 4 kg 
Moisture content Test l(B) 50 g 350 g 3 kg 
Moisture content Test l(C) 50 g 350 g -
liquid limit Test 2(A) 500 g 1 kg 2kg 
liquid limit Test 2(B) 500 g 1 kg 2kg 
liquid limit Test 2(C) 150 g 250 g 500 g 
Plastic limit Test 3 50 g IOOg 200 g 
linear shrinkage Test 5 500 g 800 g 1.5 kg 
Speciflc gravity Test 6(A) .300 g 600 g 600 g 
Specific gravity Test 6(B) IOOg IOOg lOOg 
Particle size distribution Test 7(A) 150 g 2.5 kg !)1/:f. 17 kg 
Particle size distribution Test 7(B) 150 g 2.5 kg 17 kg 
Particle size distribution Test 7(C) IOOg IOOg IOOg 
Particle size distribution Test 7(D) 250 g 250 g 250 g 
Organic matter content Test 8 150 g 600 g 3.5 kg 
Sulphate content Test 9 150 g 600g 3 .5 kg 
Sulphate content Test 10 150 g 600g 3.5 kg 
pH value Test 11 (A) 150 g 600g 3.5 kg 
pH value Test 11 (B) 150 g 600 g 3.5 kg 
Compaction test* Test 12 (10 kg) (10 kg) (10 kg) 

25 kg 25 kg 25 kg 
Compaction test* Test 13 (10 kg) (10 kg) (10 kg) 

25 kg 25 kg 25 kg 
Compaction test* Test 14 (50 kg) (50 kg) (50 kg) 

80 kg 80 kg 80 kg 
California Bearing Ratio Test 16 6 kg 6 kg 12 kg 

*The masses given in brackets apply only when the soil is not susceptible to crushing during compaction (see Note 2). 
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Tests not covered in this table are those in which undisturbed samples are used or where tests are made on 
the soil in situ. 
(3) If the moisture content of the natural soil , as received, is required, representative samples of the following · 
minimum masses shall be obtained by riffling or quartering. 

For fine-grained soils 
For medium-grained soils 
For coarse-grained soils 

Test 1 (A) Test 1 (B) 
30 g 30 g 

300 g 300 g 
3 kg 2 kg 

Test !(C) 
30 g 

300 g 

Where samples are being taken for moisture content determination the use of shallow trays for storing or 
carrying should be avoided as these expose the samples unnecessarily to evaporation or rainfall. Such samples 
should be kept covered, if not sealed, except when material is actually being extracted. 
( 4) If the California Bearing Ratio is to be determined (see Test 16) the appropriate quantity of material shall 
be removed from the main sample and sealed in a container so as to prevent loss of moisture until such time as 
the tests are carried out. 
(5) The soil sample (or the remainder if procedures (3) or (4) are carried out) shall be brought to a state in 
which it may be crumbled, if necessary by dryirtg it in air or in the oven. This shall be done at a temperature 
not exceeding 50 °C. Oven drying at 105 °C to 110 °C may be employed , provided this does not affect the 

~ results of the tests to be carried out subsequently (see Note 3). 
i ' , .- 1.5.4 Preparation for classification and chemical tests (Tests 1 to 11) 

1.5.4.1 The aggregations of particles in the sample obtained in 1.5.3(5) shall be broken down in such a way as to 
avoid crushing the individual particles. Care shall be taken that no particles are crushed in this operation but that 
all aggregations of particles are broken down so that if the sample was sieved on a 2 mm BS test sieve only individual 
particles would be retained. 

1.5.4.2 The sample obtained in 1.5.4.1 shall be mixed thoroughly and then subdivided either by quartering, by 
riffling, or by other suitable means until representative subsamples of the minimum masses given, after suitable 
further preparation where necessary, are obtained for the appropriate tests . 

(I) Tests l(A), l(B) and l(C). (De terminations of the moisture content of the prepared samples). 

Test 1 (A) Test 1 (B) Test 1 (C) 
For fine-grained soils 30 g 30 g 30 g 
For medium-grained soils 300 g 300 g 300 g 
For coarse-grained soils 3 kg 2 kg 

(2) Tests 2(A), 2(B), 2(C), 3, 4 and 5. (Determination of liquid limit, plastic limit, plasticity index and linear 
shrinkage). Sufficient of the material obtained in 1.5.4.1 shall be taken so that when sieved through a 425 11m 
BS test sieve the following quantities of material passing the test sieve are ob'tained (see Note 4). 

Test 2(A) 200 g 
Test 2(B) 200 g 
Test 2(C) 50 g 
Test 3 20 g 
Test 4 
Test 5 

No additional sample required 
150 g 

Care shall be taken that no particles are crushed but that all aggregations of particles are broken down so 
that only individual particles are left on the sieve (see Notes 5 and 6): The proportion of material passing the 
425 pm BS test sieve shall be recorded (see Note 7). 

(3) Test 6(A). (Determination of specific gravity). A 200 g sample in the case of fine-grained soils and 400 gin 
the case of medium- or coarse-grained soils prepared as in 1.5.4.1 shall be taken, and stones larger than 37.5 mm 
diameter shall be broken do.wn below this size. The sample shall be oven dried at 105 °C to 110 °C (see Note 8). 

(4) Test 6(B). (Determination of specific gravity). A 50 g sample shall be taken from the material prepared as 
in 1.5.4.1 and, if necessary, ground to pass a 2 mm BS test sieve. A representative 5 g to 10 g subsample shall 
be obtained and oven dried at 105 °C to 110 °C (see Note 8). 

( 5) Tests 7( A) and 7( B). (Determination of particle size distribution). Sufficient material prepared as in 1.5.4.1 
shall be taken and oven dried at 105 °C to 110 °C to give the minimum mass in accordance with the following 
table. 

11 



BS 1377 · 1975 

Maximum size of material present 
in substantial proportion 

Minimum mass of sample 
to be taken for sieving 

(more than 10 %) 

retained on BS test sieve 

mm ~ 

63 50 
50 35 
37.5 15 
28 5 
w 2 
14 1 
10 0 .5 

6.3 0.2 
Passing 2 mm, 600 J.lm, 300 J.lm 0.1 
or 63 J.lm 

' 
(6) Tests 7(C) and 7(D). (Determination of particle size distribution). (Applicable only to soils with more 
than 10 % passing the 63 J.lm BS test sieve. The following quantities of material prepared as in 1.5.4.1 are 
required: -

Test 7(C) 60 g 
Test 7(D) 200 g 

(7) Tests 8, 9, 10, ll(A} and ll(B). (Determination of organic content, sulphate content and pH value). 
The preparation of the samples for these tests are fairly involved and are given, therefore, under the respective 
test procedures. The following quantities of material prepared as in 1.5.4.1 are required for each test: 

for fine-grained soils 100 g; 
for medium-grained soils 500 g; 
for coarse-grained soils 3 kg 

1.5.5 Preparation for compaction tests and strength tests (Tests 12 to 21 ). The methods of preparation of samples 
for appropriate tests are as follows. 

(1) Tests 12 and 13 (Compaction tests using a ram mer). A portion of the material, prepared as in 1.5.3(5) and 
large enough to provide about 6 kg of material passing a 20 mm BS test sieve (for soils not susceptible to 
crushing during compaction), or about 15 kg of material passing a 20 mm BS t~st sieve (for soils susceptible to 
crushing during compaction), shall be taken (see Note 2). This portion shall be sieved on a 20 mm BS test sieve 
and the coarse fraction rejected after its proportion of the total sample has been recorded. 

Aggregations of particles shall be broken down so that, if the sample was sieved on a 5 mm BS test sieve, 
only individual particles would be retained. 

(2) Test 14 (Compaction test using a vibrating hammer). A portion of the material, prepared as in 1.5.3(5) and 
large enough to provide about 30 kg of material passing a 37.5 mm BS test sieve (for soils not susceptible to 
crushing during compaction), or about 50 kg of material passing a 37.5 mm BS test sieve (for soils susceptible 
to crushing during compaction), shall be taken (see Note 2). This portion shall be sieved on a 37.5 mm BS test 
sieve and the coarse fraction rejected after its proportion of the total sample has been recorded. 

Aggregations of particles shall be broken down so that, if the sample was sieved on a 5 mm BS test sieve, 
only individual particles would be retained. 

(3) Tests 15(A}, 15(B}, 15(C), 15(D}, 15(£) and 15(F). (Dry density determinations). These are site tests for 
which no sample preparation is required. 

(4) Test 16 (Determination of the California Bearing Ratio). A portion of the material obtained as specified 
in 1.5.3(4) and large enough to provide about 6 kg of material passing a 20 mm BS test sieve for each test, 
shall be taken. This portion shall be rubbed through a 20 mm BS test sieve and the coarse fraction rejected 
after its proportion of the total sample has been noted (see Note 9). 

(5) Test 17. (Determination of one-dimensional consolidation), Test 20 (Determination of the unconfined 
compressive strength using portable apparatus) and Test 21 (Determination of the compressive strength, etc.) 
These tests are carried out on undisturbed samples of soil. The preparation of these samples is given under the 
reievant test procedures. 

( 6) Test 18. (Shear strength determination by field vane1 and Test 19 (Determination of the penetration 
resistance using the split-barrel sampler). These are site tests for which no sample preparation is required. 
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NOTE 1. The procedure for sampling is not described in this standard. Reference should be made to CP 2001 for details of the 
methods. 
NOTE 2. The soil should be considered susceptible to crushing during compaction if the sample contains granular material of a 
soft natme, e.g. soft limestone, sandstone, etc., which is reduced in size by the action of the rammer or vibrating hammer. 
NOTE 3. Air drying has been specified in the preparation of soil samples for testing since with some soils irreversible changes 
talce place in the soil when it is oven dried at 105 o C to 110 o C. With many soils, however, this effect is of negligible practical 
significance. Do not oven dry samples to be used for plasticity or pH tests at above 50 o C. Organic soils and certain tropical 
soils are even affected by air drying and should be used in their natural state. 

In the United Kingdom samples may be air drjed by leaving them spread out on trays in the laboratory with free access to 
air for three or four days. Some silts and clays without large particle sizes may be used in their natural state for certain tests 
instead of being air dried. 
NOTE 4. When testing samples of natural soil, if no stones are present in the soil and it practically all passes the 425 11m BS test 
sieve, it is often convenient to carry out plasticity tests on samples without previously preparing them as described in 1.5.4.2(2). 
When soils are tested in the natural condition the results will usually differ from those obtained with air dried samples State in 
the test record that the soil in the natural condition was used. 
NOTE 5. Care should be taken to see that test sieves are not overloaded (see Appendix A). 
NOTE 6. With granular soils it is necessary to wet sieve through the 425 11m BS test sieve to obtain the fraction required. When 
this is carried out collect the material and water passing the test sieve and allow to stand. When the water has become substantially 
clear decant it and air dry the remaining sample as in 1.5.3(5). 
NOTE 7. It should be remembered that the recorded proportion passing the 425 11m-.BS test sieve, will be only approximate as the 
determination is made with air dried soil. 
NOTE 8. Oven drying of the soil has been specified for convenience. If there is any reason to believe that this will change the 
specific gravity due to loss of water of hydration the soil should be tested in its natural condition and the mass of soil used 
determined by oven drying at the end of the tesl 
NOTE 9. If the test is to be made on samples containing larger particles than 20 mm the fraction retained on the 20 mm BS test 
sieve should be removed. 1f this does not exceed 25 % of the whole it is unnecessary to make any correction. If the percentage 
retained on the 20 mm BS test sieve is greater than this, it should be replaced with a similar fraction of 20 mm to 5 mm material 
from the main sample. 

2. Soil classification tests 

2.1 Test 1. Determination of the moisture content 

2.1.1 Test l(A). Standard method (oven drying method) 

2.1.1.1 GeneraL This method covers the determination of the moisture content of soil as a perce~tage of its dry 
mass. 

2.1.1.2 Apparatus. A thermostatically controlled drying oven capable of maintaining a temperature of 105 °C to 
110 °C (see Note 1) is required, together with the following: 

For fine-grained soils 
(1) A glass weighing bottle fitted with a ground glass stopper or cap, or a suitable airtight non-corrodible 
metal container (a convenient size is 50 mm diameter and 25 mm high). 
(2) A balance readable and accurate to 0.01 g. 
(3) A desiccator (a convenient size is 200 mm to 250 mm diameter) containing anhydrous silica gel (see 
Note 2). 

For medium-grained soils 
(1) An airtight non-corrodible container of about 500 g capacity. 
(2) A balance readable and accurate to 0.1 g. 
(3) A scoop (a convenient size is one about 200 mm long and 100 mm wide). 

For coarse-grained soils 
(1) An airtight non-corrodible container of about 3 kg capacity. 
(2) A balance readable and accurate to 1 g. 
(3) A scoop (a convenient size is one about 200 mm long and 100 mm wide). 

2.1.1.3 Procedure. The procedures for the various soils are as follows. 

(1) For fine-grained soils 
a. The weighing bottle or container shall be cleaned, dried, and weighed to the nearest 0 .01 g (m1) . A 
sample of at least 30 g of soil shall be crumbled and placed loosely in the container or the weighing bottle, 
and the lid or stopper shall be replaced. The container or bottle and contents shall then be weighed to the 
nearest 0.01 g (m2). 

b. The lid or stopper shall then be removed, and the container or bottle with its lid and contents shall be 
placed in the oven and dried at 105 °C to 110 °C (see Note 3). The period required for drying will vary 
with the type of soil and the size of sample. The sample shall be deemed to be dry when the differences in 
successive weighings of the cooled sample (see c. and d.) at intervals of 4 h, do not e:X.ceed 0.1 %of the 
original mass of the sample (see Note 4 ). The lid or stopper shall not be replaced while the sample is in the 

oven. 
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c. After drying, the container or bottle and contents shall be removed from the oven and the whole placed 
in the desiccator to cool (see Note 5). 

d. The lid shall be replaced and the container or bottle and contents shall then be weighed to the nearest 
0.01 g (m3). 

(2) For medium-grained soils 
a. The container shall be cleaned, dried and weighed to the nearest 0.1 g (m1). A sample of at least 300 g of 
soil shall be crumbled and placed loosely in the container, and the lid shall be replaced. The container and 
contents shall then be weighed to the nearest 0.1 g (m2). 

b. The lid shall then be removed and the container and contents shall be placed in the oven and dried at 
105 °C to 110 °C (see Note 3). The period required for drying will vary with the type of soil and the size 
of sample. The sample shall be deemed to be dry when the differences in successive weighings of the cooled 
sample (see c. and d.) at intervals of 4 h do not exceed about 0.1 %of the original mass of the soil (see 
Note 4). The lid shall not be replaced while the sample is in the oven. 

c. After drying, the lid shall be replaced and the whole allowed to cool. 

d. The container and contents sh~ll then be weighed to the nearest 0.1 g (m 3). 

(3) For/coarse-grained soils 
a. The container shall be cleaned, dried, and weighed to the nearest 1 g (m1 ). A sample of at least 3 kg of 
soil shall be crumbled and placed loosely in the container and the lid replaced. The container and contents 
shall then be weighed to the nearest 1 g (~). 

b. The lid shall be removed and the container and contents shall be placed in the oven and dried at 105 °C 
to 110 o C (see Note 3). The period required for drying will vary with the type of soil and the size of the 
sample. The sample shall be deemed to be dry when the differences in successive weighings of the cooled 
sample (see c. and d.) at intervals of 4 h do not exceed about 0.1 %of the original mass of the soil (see 
Note 4) . The lid shall not be replaced while the sample is in the oven. 

c. After drying, the lid shall be replaced and the whole allowed to cool. 

d. The container and contents shall then be weighed to the nearest 1 g (m3 ). 

2.1.1.4 Calculations*. The moisture content of the soil, w, shall be calculated, as a percentage of the dry soil mass, 
from the equation: 

where 
m1 is the mass of container (g); 
m2 is the mass of container and wet soil (g); 
m3 is the mass of container and dry soil (g). 

2.1.1.5 Reporting of results. The moisture content of the soil, w, for values up to 10 %shall be reported to two 
significant figures. For moisture contents above 10% the result shall be reported to the nearest whole number 
(see Note 3). The method used to obtain the results shall be stated. 

Notes on Test l(A) 
NOTE 1. A microwave oven may be employed provided preliminary tests show that the soil does not exceed a temperature of 
110 o C before all the water is driven off. If a microwave oven is used metal containers are not suitable and the soil should be 
dried in glass, silica or polytetrafluoroethylene (P'TFE) evaporating dishes. 
NOTE 2. It is preferable to use self-indicating silica gel as the desiccant. Calcium chloride should not be used as it is known that 
many clays when oven dry are capable of absorbing water from it. 
NOTE 3. Soils containing gypsum. Certain soils contain gypsum which on heating loses its water of crystallization. The moisture 
content determined by this method will be affected by approximately 0.2% for each 1 % of gypsum. If it is suspected that 
gypsum is present in the soil the moisture content samples should be dried at not more than 80 o C and possibly for a longer 
time. If the standard conditions are not used, state in the test record the drying conditions used. 
NOTE 4. Drying time of soils. 16 h to 24 h is usually a sufficient length of time for drying most soils, but certain soil types and 
large or very wet samples will require longer. The drying time will also depend on the amount of material in the oven. 
NOTE 5. If the lids of the containers fit well and it is unlikely that the samples are to be left for a considerable time before 
weighing, the samples need not be placed in the desiccator to cool, unless glass weighing bottles with ground glass stoppers have 
been used. 

:u.2 Test l(B) Subsidiary method (sand bath method) 

2.1.2.1 General This method covers the determination of the moisture content of a soil as a percentage of its 
dry mass. It is intended as a rapid alternative to Test 1 (A), but is less accurate and is more suitable as a site test. 

*See Form A, Appendix B. 
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The method shall not be used if it is suspected that the soil contains a large proportion of gypsum, calcareous 

. matter or organic matter. 

. 2.1.2.2 Apparatus. The following apparatus is required. 
' For fine-grained soils 

(1) A suitable airtight, non-corrodible metal container, approximately 50 mm in diameter and 25 mm deep . 
(2) A balance readable and accurate to 0.1 g. · 
(3) A sand bath approximately 200 mm diameter and containing clean sand to a depth of at least 25 mm. 
A larger bath may be used to heat several samples at once. 
(4) Equipment for heating the sand bath, e .g. a bottled gas or paraffin pressure stove. 
(5) A palette knife (a convenient size is one having a blade 100 mm long and 20 mm wide). 

For medium-grained soils 

(1) A balance readable and accurate to 0.5 g. 
(2) A heat-resistant tray about 200 mm square and about 50 mm deep. 
(3) A sand bath containing clean sand to a depth of at least 25 mm and large enough to take the tray. A 
larger bath may be used to heat several sa!J1ples at once. 
(4) Equipment for heating the sand bath, e.g. a bottled gas or paraffin pressure stove. 
(5) A palette knife (a convenient size is one having a blade 100 mm long and 20 mm wide). 
(6) A scoop (a convenient size is one about 200 mm long and 100 mm wide) . 

For coarse-grained soils 

(1) A balance readable and accurate to 1 g. 
(2) A heat-resistant tray about 250 mm square and 50 mm to 70 mm deep. 
(3) A sand bath, containing sand to a depth of at least 25 mm and large enough to take the tray. 
(4) Equipment for heating the sand bath, e.g. a bottled gas or paraffin pressure stove. 
(5) A palette knife (a convenient size is one having a blade 200 mm long and 30 mm wide). 
(6) A scoop (a convenient size is one about 200 mm long and 100 mm wide) . 

2.1.2.3 Procedure. The procedures for the various soils are as follows. 

For fine-grained soils 

(1) The container shall be cleaned, dried and weighed to the nearest 0.1 g (m1) (see Note 1). A sample of 
at least 30 g of soil shall be crumbled and placed loosely in the container, and the lid shall be replaced. The 
container and contents shall then be weighed to the nearest 0.1 g (m2). 

(2) After the lid has been removed, the container and contents shall be placed on the sand bath, which shall 
be heated by means of the stove, care being taken not to get the sand bath too hot (see Note 2). During 
heating, the sample shall be disturbed frequently and thoroughly with the palette knife to assist the evapora­
tion of moisture. 
(3) When the container and contents have been heated for a period sufficient to dry out the sample (usually 
1 his sufficient, see Note 3), they shall be removed from the sand bath, the lid replaced and the whole 
allowed to cool. 
(4) The container and contents shall then be weighed to the nearest 0.1 g (m3). 

For medium- and coarse-grained soils 

(1) The tray shall be cleaned, dried and weighed to the nearest 0.5 g (m1 ). A sample, of at least 300 g for 
medium-grained, and 2 kg for coarse-grained soils, shall be crumbled and spread out evenly in the tray. The 
tray and contents shall be weighed to the nearest 0.5 g (m2) for medium-grained soils, and to the nearest 
5 g (m2) for coarse-grained soils. 
(2) The tray shall be placed on the sand bath which shall be heated by means of the stove, care being taken 
not to get the sand bath too hot (see Note 2). During heating the sample shall be disturbed frequently and 
thoroughly with the palette knife to assist the evaporation of moisture. 
(3) When the tray has been heated for a period sufficient to dry out the sample (usually 1 his sufficient, 
see Note 3) it shall be removed from the sand bath and allowed to cool. 
(4) Immediately the tray is cool enough to handle, the tray and contents shall be weighed to the nearest 
0.5 g for medium-grained soils, and to the nearest 5 g for coarse-grained soils (m3). 
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2.1.2.4 Calculations*. The moisture content of the soil, w, shall be calculated, as a percentage of the dry soil 
mass, from the equation: 

w = m2 m3 X 1 00 % 
m3 - ml 

where 
m1 is the mass of container (or tray) (g); 
m2 is the mass of container (or tray) and wet soil (g); 
m3 is the mass of container (or tray) and dry soil (g) . 

2.1.2.5 Reporting of results. The moisture content of the soil, w, shall be reported to the nearest whole number. 
The method used to obtain the results shall be stated. 

Notes on Test l(B) 

NOTE 1. It is convenient when many containers are in use to bring them to a standard mass, e.g. 30.0 g, by the addition of 
solder to the inside of the lid. 
NOTE 2. Avoidance of overheating. A convenient method of detecting overheating of the soil is by the use of small pieces of 
white paper mixed with the soil. Overheating is indicated if the paper turns brown. 
NOTE 3. Period of drying. The drying period will vary with the type of soil, the size of sample and field conditions and it is 
suggested that when a large number of moisture determinations are to be made with one soil, several measurements should be 
made using different periods of drying to determine the minimum period required to effect adequate drying. The material shall 
be deemed to be dry if the additional loss of mass when it is heated for a further period of 15 min does not exceed 0.1 g for 
fine-grained soils, 0.5 g for medium-grained soils and 5 g for coarse-grained soils. 

2.1.3 Test l(C). Subsidiary method (alcohol method) 

2.1.3.1 General. This method covers the determination of the moisture content of a soil as a percentage of its dry 
mass. It is intended as a rapid alternative to Test 1(A) but is less accurate and is more suitable as a site test. 
Because of the large quantity of methylated spirit required and the consequent risk of fire this method is not 
advised for use with coarse-grained soils. The method shall not be used if the soil contains a large proportion of 
clay, gypsum, calcareous matter or organic matter. 

2.1.3.2 Apparatus. The following apparatus is required. 

(1) An evaporating dish, preferably silica (a convenient size is one about 100 mm diameter for fine-grained 
soils, and about !50 mm diameter for medium-grained soils). 
(2) A palette knife (a convenient size is one having a blade 100 mm long and 20 mm wide). 
(3) A length of about 200 mm to 250 mm of rod, about 3 mm diameter (see Note). 

NOTE. A piece of metal rod has been found to be the most useful means of stirring as the heat generated will soften a palette 
knife blade and crack a glass rod. 

(4) A balance readable and accurate to 0.1 g for fine-grained soils, and 0.5 g for medium-grained soils. 
(5) Methylated spirit. 

2.1.3.3 Procedure. The procedure is as follows. 

(I) The evaporating dish shall be cleaned, dried and weighed to the nearest 0.1 g for fine-grained soils, and 
0.5 g for medium-grained soils (m1 ). 

(2) A sample of soil, about 30 g for fme-grained soils, and 300 g for medium-grained soils, shall be placed in 
tf1e evaporating dish, and the evaporating dish and its contents weighed to the nearest 0.1 g or 0.5 g respectively . 
(m2). 
(3) A quanti~y of methylated spirit, about 30 ml for fine-grained soils, and 300 m! for medium-grained soils, 
shall be poured over the soil so that it is well covered. The methylated spirit shall be worked well into the soil 
with the palette knife and any large lumps of soil broken up. 
(4) The evaporating dish shall be placed on a surface unlikely to be affected by heat and the methylated 
spirit ignited. 
(5) The soil shall be stirred constantly with the piece of rod, care being taken to see that none of the soil 
is lost. 
(6) The dish of soil shall be allowed to cool after the methylated spirit has burnt away completely, and when 
cool enough to be handled the dish and contents shall be weighed to the nearest 0.1 g for fine-grained, and 0.5 g 
for medium-grained soils (m3). 

*See Form A, Appendix B. 
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2.1.3.4 Calculations*. The moisture content of the soil, w, shall be calculated as a percentage of the dry soil 

mass, from the equation: 

where 
m1 is the mass of dish (g); 
m2 is the mass of dish and wet soil (g); 
m3 is the mass of dish and dry soil (g). 

2.1.3.5 Reporting of results. The moisture content of the soil , w, shall be reported to the nearest whole number. 
The method used to obtain the results shall be stated. 

2.2 Test 2. Determination of the liquid limit 

2.2.1 Test 2(A). Preferred method using the cone penetrometer (see Note 1) 

2.2.1.1 General. This method covers the determination of the liquid limit of the air dried soil. The method may 
also be used on a sample of soil in its natural state (;ee Note 2) . 

2.2.1.2 Apparatus. The following apparatus is required. 

(1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square) . 
(2) Two palette knives (a convenient size is one having a blade 200 mm long and 30 mm wide). 
(3) A penetrometer as used in bituminous material testing complying with the requirements of BS 4691 , and 
generally as illustrated in Fig. 4 . 
( 4) A cone of stainless steel or duralumin approximately 35 mm long, with a smooth, polished surface and an 
angle of 30 ± 1 °. To ensure that the point remains sufficiently sharp for the purposes of the test, the cone 
should be replaced if after continued use the point can no longer be felt when brushed lightly with the tip of 
the finger when the ti p of the cone is pushed through a hole 1.5 mm in diameter , bored through a metal plate 
1.75 ± 0 .1 mm thick. 1l1e cone is fitted to the penetrometer in the manner shown in Fig. 4 in place of the 
needle or cone usually used with the apparatus . The mass of the cone together with its sliding shaft is 80 .00 
± 0.05 g. 
(5) A metal cup approximately 55 mm in diameter and 40 mm deep with the rim parallel to the flat base. 
(6) An evaporating dish (a convenient size is one about 150 mm diameter), or a damp cloth. 
(7) Apparatus for moisture content determination as described in Test 1 (A). 
(8) A wash bottle, preferably made of plastics , or a beaker, containing distilled water. 
(9) A non-corrodible airtight container. 

(I 0) A metal straightedge. 

2.2.1.3 Procedure. The procedure is as follows. 

(1) A sam.ple weighing at least 200 g shall be taken from the material passing the 425 11m BS test sieve , which 
has been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing 
(see 1.5 and Note 2). The proportion of material passing the 425 11m BS test sieve shall be recorded. The 
sample shall be placed on the flat glass and mixed thoroughly with distilled water using the palette knives until 
the mass becomes a thick homogeneous paste. This paste shall then be allowed to stand in the airtight container 
for about 24 h to allow the water to permeate throughout the soil mass (see Note 3). 
(2) The sample shall then be removed from the container and re mixed for at least 10 min (see Note 4). If 
necessary further water shall be added so that the first cone penetration reading is approximately 15 mm. 
(3) The remixed soil shall be pushed into the cup with a palette knife, taking care not to trap air. The excess 
soil shall be struck off with the bevelled edge of the straight edge, to give a smooth surface. The cone shall be 
lowered so that it just touches the surface of the soil (see Fig. 7) . When the cone is in the correct position, a 
slight movement of the cup will just mark the surface of the soil and the reading of the dial gauge shall be 
noted to the nearest 0.1 mm. The cone shall then be released for a period of 5 ± 1 s. If the apparatus is not 
fitted with an automatic release and locking device care shall be taken not to jerk the apparatus during these 
operations. After the cone has been locked in position the dial gauge shall be lowered to the new position of 
the cone shaft and the reading noted to the nearest 0 .1 mm . The difference between the readings at the 
beginning and end of the test shall be recorded as the cone penetration . 
( 4) The cone shall be lifted out and cleaned carefully. A little more wet soil shall be added to the cup and the 
process repeated . If the difference between the first and second penetration readings is less than 0.5 mm the 
average of the two penetrations shall be recorded. If the second penetration is more than 0.5 mm and less than 

*See Form A, Appendix B. 
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2.1.3.4 Calculations*. The moisture content of the soil , w, shall be calculated as a percentage of the dry soil 
mass, from the equation : 

X 100 % 

where 
m1 is the mass of dish (g) ; 
m2 is the mass of dish and wet soil (g); 
m3 is the mass of dish and dry soil (g). 

2.1.3.5 Reporting of results. The moisture content of the soil , w, shall be reported to the nearest whole number. 
The method used to obtain the results shall be stated . 

2.2 Test 2. Determination of the liquid limit 

2.2.1 Test 2(A). Preferred method using the cone penetrometer (see Note 1) 

2.2.1.1 General. This method covers the determination of the liquid limit of the air dried soil. The method may 
also be used on a sample of soil in its natural state (see Note 2). 

2.2.1.2 Apparatus. The following apparatus is required . 

(1) A flat glass plate (a convenient size is one 10 mm thick and SOO mm square) . 
(2) Two palette knives (a convenient size is one having a blade 200 mm long and 30 mm wide). 
(3) A penetrometer as used in bituminous material testing complying with the requirements of BS 4691 , and 
generally as illustrated in Fig. 4. 
(4) A cone of stainless steel or duralumin approximately 3S mm long, with a smooth , polished surface and an 
angle of 30 ± 1 °. To ensure that the point remains sufficiently sharp for the purposes of the test, the cone 
should be replaced if after continued use the point can no longer be felt when brushed lightly with the tip of 
the finger when the tip of the cone is pushed through a hole l.S mm in diameter , bored through a metal plate 
1.7S ± 0.1 mm thick. The cone is fitted to the penetrometer in the manner shown in Fig. 4 in place of the 
needle or cone usually used with the apparatus. The mass of the cone together with its sliding shaft is 80.00 
± O.OS g. 
(S) A metal cup approximately SS mm in diameter and 40 mm deep with the rim parallel to the flat base. 
(6) An evaporating dish (a convenient size is one about 1 SO mm diameter), or a damp cloth. 
(7) Apparatus for moisture content determination as described in Test 1 (A). 
(8) A wash bottle, preferably made of plastics, or a beaker, containing distilled water. 
(9) A non-corrodible airtight container. 

(10) A metal straightedge . 

2.2.1.3 Procedure. The procedure is as follows . 

(1) A sam_ple weighing at least 200 g shall be taken from the material passing the 42S pm BS test sieve , which 
has been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing 
(see 1.5 and Note 2). The proportion of material passing the 42S pm BS test sieve shall be recorded. The 
sample shall be placed on the flat glass and mixed thoroughly with distilled water using the palette knives until 
the mass becomes a thick homogeneous paste. This paste shall then be allowed to stand in the airtight container 
for about 24 h to allow the water to permeate throughout the soil mass (see Note 3). 
(2) The sample shall then be removed from the container and remixed for at least 10 min (see Note 4). If 
necessary further water shall be added so that the first cone penetration reading is approximately IS mm. 
(3) The remixed soil shall be pushed into the cup with a palette knife , taking care not to trap air. The excess 
soil shall be struck off with the bevelled edge of the straight edge, to give a smooth surface. The cone shall be 
lowered so that it just touches the surface of the soil (see Fig. 7). When the cone is in the correct position, a 
slight movement of the cup will just mark the surface of the soil and the reading of the dial gauge shall be 
noted to the nearest 0 .1 mm. The cone shall then be released for a period of S ± I s. If the apparatus is not 
fitted with an automatic release and locking device care shall be taken not to jerk the apparatus during these 
operations . After the cone has been locked in position the dial gauge shall be lowered to the new position of 
the cone shaft and the reading noted to the nearest 0 .1 mm . The difference between the readings at the 
beginning and end of the test shall be recorded as the cone penetration . 
(4) The cone shall be lifted out and cleaned carefully. A little more wet soil shall be added to the cup and the 
process repeated . If the difference between the first and second penetration readings is less than O.S mm the 
average of the two penetrations shall be recorded. If the second penetration is more than 0.5 mm and less than 

*See Form A, Appendix B. 
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1 mm different from the first a third test shall be carried out. If the overall range is then not more than 1 mm a 
moisture content sample (about 10 g) shall be taken from the area penetrated by the cone and the moisture 
content determined as described in Test I (A). The average of the three penetrations shall be recorded. If the 
overall range is more than 1 mm the soil shall be removed from the cup , remixed and the test repeated until 
consistent results are obtained. 
(5) The operation described in 2.2.1.3(3) and 2.2.1.3(4) shall be repeated at least four times using the same 
sample to which further increments of distilled water have been added . The amount of water added shall be 
chosen so that a range of penetration values of approximately 15 mm to 25 mm is covered (see Note 5). 

2.2.1.4 Calculations*. The relationship between the moisture content and the cone penetration shall be plotted 

-·----------------------------------------------------~ 

Fig. 4. Cone penetrometer used for the determination of the liquid limit of soils 
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with the percentage moisture contents as abscissae and the cone penetrations as ordinates, both on linear scales. 
The best straight line fitting the plotted points shall be drawn through them . 

2.2.1.5 Reporting of results. The moisture con tent corresponding to a cone penetration of 20 mm shall be taken 
as the liquid limit of the soil and shall be expressed to the nearest whole number. The method of obtaining the 
liquid limit shall be stated, i.e. using the cone penetrometer. The percentage of material passing the 425 11m BS 
test sieve shall be noted. The history of the sample shall also be noted, i.e . natural state, air dried, or unknown . 

Notes on Test 2(A) 

NOTE 1. The method using the cone penetrometer is preferred to that employing the Casagrande apparatus (see Test 2(B)), as 
the test is both easier to carry out and is capable of giving more reproducible results. The cone penetrometer apparatus is easier 
to maintain in correct adjustment and the test procedure is less dependent on the judgment of the operator. The results obtained 
with the conC< penetrometer may differ very slightly from those with the Casagrande apparatus, but in most cases these differences 
will not be significant and will be less than the normal variations likely to be obtained using the Casagrande apparatus. 
NOTE 2. The testing of samples of natural soil. When nearly all the soil is likely to pass the 425 11m BS test sieve it is often 
convenient to remove the few coarse particles present by hand during mixing, and then test the sample without previously 
preparing it as described in 1.5. When soils are tested in the natural condition the results will usually differ from those obtained 
with air dried samples. Organic soils and certain tropical soils should be tested in their natural condition. State on the test report 
that the soil in the natural condition was used. , 
NOTE 3. A curing period of 24 h is recommended for most soils but for soils of low clay content it may not be necessary to cure 
for this length of time and the test can be made immediately after mixing. 
NOTE 4. Certain soils may require as much as 40 min of continuous mixing immediately before testing to obtain reliable results. 
NOTE 5. The test should always proceed from the drier to the wetter condition of the soil. Each time the soil is removed from 
the cup for the addition of water, the cup and the cone should be cleaned thoroughly and dried. 

2.2.2 Test 2(B). Method using the Casagrande apparatus (see Note 1) 

2.2.2.1 General. Thls method covers the determination of the liquid limit of the air dried soil. The method may 
also be used on a sample of soil in its natural state (see Note 2) . 

2.2.2.2 Apparatus. The following apparatus is required. 

(1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square). 
(2) Two palette knives (a convenient size is one having a blade 200 mm long and 30 mm wide). 
(3) A mechanical device complying with the essential details illustrated in Fig. 5 (see Note 3). 
(4) A grooving tool and gauge complying with the essential details illustrated in Fig. 6. 
(5) An evaporating dish (a convenient size is one about 150 mm diameter), or a damp cloth. 
(6) Apparatus for moisture content determination as described in Test 1 (A). 
(7) A wash bottle, preferably made of plastics, or a beaker, containing distilled water. 
(8) A non-corrodible airtight container large enough to take about 200 g io 250 g of wet soil. 

2.2.2.3 Adjustment of apparatus. The liquid limit device shall be inspected to determine that the device is clean, 
dry and in good working order so that the cup falls freely and does not have too much side play at its hinge . The 
grooving tool shall also be inspected to determine that it is clean, dry and that the critical dimensions are as shown 
in Fig. 6 (see Note 4). 

The height to which the cup of the liquid limit device is lifted shall be adjusted so that when the cup is raised 
to its maximum height the 10 mm gauge will just pass between it and the base. 

2.2.2.4 Procedure. The procedure is as follows. 

(1) A sample weighing at least 200 g shall be taken from the material passing the 425 11m BS test sieve, which 
has been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing 
(see 1.5). The proportion of material passing the 425 11m BS test sieve shall be recorded. This sample shall be 
placed on the flat glass plate and mixed thoroughly with distilled water using the palette knives until the mass 
becomes a thick homogeneous paste. This paste shall then be allowed to stand in the airtight container for 
about 24 h to allow the water to permeate throughout the soil mass (see Note 5). 
(2) The sample shall then be removed from the container and remixed for at least 10 min (see Note 6). 

A portion of the re mixed soil shall be placed in the cup (the cup resting on the base) levelled off parallel to 
the base, and divided by drawing the grooving tool along the diameter through the centre of the hinge, at the 
same time holding it normal to the surface of the cup with the chamfered edge facing in the direction of 
movement (see Note 7). By turning the crank at the rate of two revolutions per second, the cup shall be lifted 
and dropped until the two parts of the soil come into contact at the bottom of the groove along a distance of 
13 mm (see Note 8). This length shall be measured with the end of the grooving tool or a ruler. The number 
of blows at which this occurs shall be recorded. 
(3) A little extra of the soil mixture shall be added to the cup and mixed with the soil in the cup. 
(4) Operations (2) and (3) shall be repeated until two consecutive runs give the same number of blows for 
closure (see Notes 9 and 1 0). 
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(5) A quantity of soil (about 10 g) from the portions of the sample that have just flowed together shall be 
removed with a spatula and placed in a suitable container, 'and the moisture content determined by Test l(A). 
(6) Operations (2) to (5) shall be carried out at least four times using the same sample to which further 
increments of distilled water have been added. The moisture contents chosen or the amount of water added 
shall be such that when the moisture contents are plotted they are evenly distributed over a range between 50 
and 10 blows. The test shall always proceed from the drier to the wetter condition of the soil. Each time the 
soil is removed from the cup for the addition of more water the cup and the grooving tool shall be washed 
and dried. 
(7) If at any time during the above procedure the soil has to be left for a while on the glass plate it shall be 
covered with the evaporating dish or damp cloth to prevent it drying out. 

2.2.2.5 Calculations*. The relationship between the moisture content and the corresponding number of blows 
shall be plotted on a semi-logarithmic chart, with the percentage moisture contents as ordinates on the linear 
scale and the number of blows as abscissae on the logarithmic scale. The best straight line fitting the plotted points 
shall be drawn through them. 

2.2.2.6 Reporting of results. The moisture content corresponding to the intersection of the flow curve with the 
25 blows abscissa shall be taken as the liquid limit (LL) of the soil'and shall be expressed to the nearest whole 
number. The method of obtaining the liquid limit shall be stated , i.e. using the Casagrande apparatus. 

The percentage of material passing the 425 ).lm BS test sieve shall be noted. The history of the sample shall also 
be noted, i.e. natural state, air dried or unknown. 

Notes on Test 2(B) 
NOTE 1. The method using the Casagrande apparatus has been the accepted procedure for determining the liquid limit but 
experience has shown that it is difficult to maintain the apparatus in accordance with the standard and the results are subject 
to the judgement of the operator. For these reasons the method using the cone penetrometer is to be preferred , but provided 
that care is taken to ensure that the Casagrande appara\us is correctly maintained and the test procedure is strictly adhered to 
satisfactory results can be obtained. The results obtained using the Casagrande apparatus may differ slightly from those using 
the cone penetrometer method but in most cases these differences will not be significant and will be less than the oormal 
variations likely to be obtained using the Casagrande apparatus. 
NOTE 2. The resting of samples of natural soil. When nearly all the soil is likely to pass the 425 11m BS test sieve it is often 
convenient to remove the few coarse particles present by hand during mixing and then test the sample without previously 
preparing it as described in 1.5. When soils are tested in the natural condition the results will usually differ from those obtained 
with air dried samples. Organic soils· and certain tropical soils should be tested in their natural condition. State on the test record 
that the soil in the natural condition was used. 
NOTE 3. Specification of the base. Make the base of the liquid limit apparatus of four equal vulcanized rubber laminations giving 
a total thickness of 50 mm. The hardness of each rubber lamination measured on the full thickness, but otherwise as in BS 903: 
Part A26 (1969) shall be 84 IRHD to 94 IRHD at 20 ± 2 •c and the resilience measured with a Lupke pendulum as in BS 903 : 
Part A8 (1963) shall be 20 % to 35 %at 20 ± 2 • C. The laminations shall be adequately bonded together and shall be made 
basically as in BS 1154, compound number Z16, with the .necessary variations to give the required physical characteristics. A 
single block of rubber having the same dimensions may be used providing the specified hardness and resilience of the rubber is 
uniform throughout the block. 
NOTE 4. Wear on the grooving tool. Withdraw the grooving tool from use when the tip has worn to a width of 3 mm and reshape 
to the proper dimension, 2·mm. It may be found useful to have a standard check gauge of the correct dimension against which 
the tool can be checked. 
NOTE 5. A curing period of 24 his recommended for most soils, but for soils of low clay content it may not be necessary to cure 
for this length of time and the test can be made immediately after mixing. 
NOTE 6. Certain soils may require as much as 40 min of con'tinuous mixing immediately before testing, to obtain reliable results. 
NOTE 7. With soils having low plasticity indices it is sometimes difficult to cut a smooth groove in the soil with the grooving tool 
specified. Hitherto an alternative tool (the A.S.T.M. type tool) has been recommended for use with such soils but it is considered 
that its action in cutting the groove is not correct. The usual action of the tool is that of the insertion of a wedge into the pat of 
soil causing the two halves of the pat to slide at the cup-soil face. During the test the tendency is then for the soil to slide back 
again on this same face instead of flowing as it should do. 

It does not necessarily follow that because a smooth groove cannot be obtained, the soil is non-plastic and it should be recorded 
that the liquid limit could not be obtained. 
NOTE 8. Sometimes the soil flows so as to leave a gap between two areas of contact. The test should continue until there is a 
length of continuous contact for 13 mm. · 
NOTE 9. Some soils tend to slide on the surface of the cup instead of the soil flowing. If this occurs the result should be discarded 
and the test repeated until flowing does occur. If, after additional increments of water, sliding still occurs, the test is not applicable 
and a note should be made that the liquid limit could not be obtained. 
NOTE 10. Care should be taken to see that the sample does not dry out between repeat tests as the number of blows for closure 
will increase gradually as the samples dries out. 

2.2.3 Test 2(C). One point method using the Casagrande apparatus (see Note 1) 

2.2.3.1 General. This method covers the determination of the liquid limit of the soil. The advantage of the 
method is speed, since it involves taking one measurement of the moisture content only. 

2.2.3.2 Apparatus. The apparatus required for this test is the same as that for Test 2(B). 

2.2.3.3 Adjustment of apparatus. The liquid limit device shall be inspected to determine that it is in good working 
order, that the cup falls freely and that it does not have too much side play at its hinge. The grooving tool shall be 

*See Form C, Appendix B. 
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inspected to determine that the critical dimensions are as shown in Fig. 6 (see Note 2). 
The height to which the cup of the liquid limit device is lifted shall be adjusted so that when the cup is raised 

to its maximum height the 10 mm gauge will just pass between it and the base. 

2.2.3.4 Procedure. The procedure is as follows. 

(1) A: sample which has been obtained in accordance with the procedure for the preparation of disturbed 
samples for testing (see 1.5), weighing at least 50 g, shall be taken from the material passing the 425 pm BS 
test sieye (see Notes 3 and 4). The proportion passing the 425 pm BS test sieve shall be recorded. This sample 
shall be placed on the flat glass plate and mixed thoroughly with distilled water using the palette knives until 
the mass becomes a thick homogeneous paste at a moisture content as near as possible to that corresponding 
to the 25 blows value (see Notes 5 and 6). This may be checked with the liquid limit machine until experience 
with the soils under test renders this step unnecessary . The mixing shall be carried out for at least I 0 min. 
(2) The sample shall then be placed in the airtight container and stored for at least 24 h at normal room 
temperature (see Note 7). 

(3) Immediately before testing, the soil shall be removed from the airtight container and remlxed for at least 
I min. 
(4) A portion of the soil-water mixture shall be placed in the cup (the cup resting on the base) levelled off 
parallel to the base, and divided by drawing the grooving tool along the diameter through the centre of the 
hinge, at the same time holding it normal to the surface of the cup with the chamfered edge facing in the 
direction of movement (see Note 8). By turning the crank at the rate of two revolutions per second, the cup 
shall be lifted and dropped until the two parts of the soil come into contact at the bottom of the groove along 
a distance of 13 mm (see Notes 9 and 1 0). This length shall be measured with the end of the grooving tool or 
a ruler. The number of blows at which this occurs shall be recorded. The number shall be between 15 and 
35 blows . 
(5) A little extra of the soil mixture shall be added to the cup and mixed with the soil in the cup. 
(6) Operations (4) and (5) shall be repeated until two consecutive runs give the same number of blows for 
closure (see Note 11 ). 
(7) The soil shall then be removed from the cup, placed in a suitable container and the moisture content 
determined as in Test 1 (A). 

2.2.3.5 Calculations. The liquid limit shall be calculated by multiplying the moisture content obtained by the 
factor corresponding to the number of blows obtained in the test. The factors are given in the following table. 

Number of Factor Number of Factor Number of Factor Number of Factor 
.blows blows blows blows 

15 0.95 21 0.98 26 1.00 31 1.02 
16 0.96 22 0.99 27 1.01 32 1.02 
17 0.96 23 0.99 28 1.01 33 1.02 
18 0.97 24 0.99 29 1.01 34 1.03 
19 0.97 25 1.00 30 1.02 35 1.03 
20 0.98 

2.2.3.6 Reporting of results. The liquid limit calculated as above shall be expressed to the nearest whole number . 

The percentage of material passing the 425 pm BS test sieve shall be noted. 
The history of the sample shall also be noted, i.e. natural state, air dried or unknown . The method used to 

obtain the result shall also be stated, i.e . one point method using the Casagrande apparatus. 

Notes on Test 2(C) 

NOTE 1. The one poin"t method using the Casagrande apparatus has the advantage of speed but the results are likely to be less 
reliable than those obtained using the procedure given in Tests 2(A) or 2(B). The method is therefore suitable where speed of 
test is important and a possibly less accurate result is acceptable. 
NOTE 2. Wear on grooving tool. Withdraw the groovin-g tool from use when the tip has worn to a width of 3 mm and reshape to 
the proper dimension, 2 mm. 1t may be found useful to have a standard check gauge of the correct dimension against which the 
tool can be checked. 
NOTE 3. If it is suspected that the liquid limit is above about 120% the procedure given in Tests 2(A) and 2(B) should be carried 
out using a 200 g sample. 
NOTE 4. When nearly all the soil is likely to pass the 425 pm BS test sieve it is often convenient to remove the few coarse particles 
present during mixing and then to test the sample without previously preparing it as described in 1.5. When soils are tested in the 
natural condition the results will usually differ from those obtained with air dried samples. Organic soils and certain tropical soils 
should be tested in their natural condition. State on the test record that soil in the natural condition was used. 

21 



I 

'• I 
I 

1: 
I 

BS 1377 · 1975 

NOTE 5. As can be seen from the table of correction factors, the nearer the moisture content is to that at 25 blows the less the 
error due to the variation of the slope of the flow line from the slope of the calculated line which is obtained from the equation: 

LL = w{ ~) tan B 

where 
LL is the liquid llmit (%) 
w is the moisture content (%) corresponding ton blows; 
tan B = 0.092 (the slope of the calculated flow line for British soils). 

NOTE 6. The amount of distilled water added should be such that the number of blows is less rather than more than 25 as during 
storage some moisture tends to evaporate on to the sides of the container causing the soil to be drier when actually tested. 
NOTE 7. A curing period of 24 h is recommended for most soils, but for soils of low clay content it may not be necessary to cure 
for this length of time and the test can be made immediately after mixing. 
NOTE 8. With soils having low plasticity indices it is sometimes difficult to cut a smooth groove in the soil with the grooving tool 
specified. Hitherto an alternative tool (A.S.T.M. type tool) has been recommended for use with such soils but it is considered that 
its action in cutting the groove is not correct. The usual action of the tool is that of the insertion of a wedge into the pat of soil 
causing the two halves of the pat to slide at the cup-soil face. During the test the tendency is then for the soil to slide back again 
on this same face instead of flowing as it should do. 

It does not necessarily follow that because a smooth groove cannot be obtained, the soil is non-plastic and it should be recorded 
that the liquid limit could not be obtained. 
NOTE 9. Some soils tend to slide on the ,surface of the cup instead of the soil flowing. If this occurs the result should be discarded 
and the test repeated until the flowing does occur. If, after additional increments of water, sliding still occurs, the test is not 
applicable and a note should be made that the liquid limit could not be obtained. ·, 
NOTE 10. Sometimes the soil flows so as to leave a gap between two areas of contact. The test should continue until there is a 
length of continuous contact for 13 mm. 
NOTE 11. Care should be taken to see that the sample does not dry out between the repeat tests as the number of blows for closure 
will increase gradually as the sample dries out. 

Dimensions 

Letter 

mm 

Letter 

mm 

A B 

54 2 
± 0.5 ± 0.5 

H J K 

16 60 50 
± 0.5 ± 0.5 ± 0.5 

Rubber bd se conformt nq to 
spec1f i cat ion ( Test 2(6) Note3) 

c 
27 
± 0.5 

L M 

150 130 

I 

Lf-------:-------l.'--+-~ I : _L____J 

D 

12.5 
± 0.5 

N 

27 

E - F G 

56 25 10 
± 0.5 ± 0.5 ± 0.5 

p Q R s T 

28 6 22 19 45 

steel oc brdss p1n 

I ' I I 

~ 11 
r .l _! .., 

11' 
" _!_ _I_ -
I I 

This design has been found satisfactory, but alternative designs may be employed pro_vided that the essential requirements are 
fulftlled. (Essential dimensions are indicated by an asterisk.) 

Fig. 5. Casagrande liquid limit apparatus 
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'This design has been found satisfactory , but alternative designs may be employed provided that the essential requirements are 
fulfilled. (Essential dimensions are indicated by an asterisk.) 

.Fig. 6. Grooving too l and height gauge (b rass or stainless steel) 
~:."· 

~-~.3 Test 3. Determination of the plastic li mit 
'2.3.1 General. This method covers the determination of the lowest moisture content at which the soil is plastic. 
·The method may also be used on a sample of soil in its natural state (see Note 1 ). 
f; 

~}.2 Apparatus. The following apparatus is required. 

;; , (1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square) . 
~- (2) Two palette knives (a convenient size is one having a blade 200 mm long and 30 mm wide). 
: (3) Apparatus for the moisture content determination of fine -grained soils as described in 2.1.1.2. 
: (4) A length of metal rod 3 mm in diameter and about 100 mm long (optional). 

2.3.3 Procedure. The procedure is as follows. 

(1) A sample weighing about 20 g shall be taken from the material passing the 425 pm BS test sieve, which has 
been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing (see 
1.5). The proportion of material passing the 425 pm BS test sieve shall be recorded . The air dried soil shall be 
mixed thoroughly with distilled water on the glass plate until it becomes homogeneous and plastic enough to 
be shaped into a ball (see Note 2). 
(2) The ball of soil shall be moulded between the fingers and rolled between the palms of the hands until the 
heat of the hands has dried the soil sufficiently for slight cracks to appear on its surface. From this sample, 
two subsamples of about !'0 g each shall be weighed and a separate determination carried out on each. Each 
subsample shall be divided into four approximately equal parts and each part treated as specified in (3) . 
(3) The soil shall be formed into a thread , about 6 mm in diameter, between the first finger and thumb of each 
hand. The thread shall be rolled between the tips of the fingers of one hand and the surface of the glass plate 
(see Fig. 7) . The pressure shall be sufficient to reduce the diameter of the thread to about 3 mm in five to ten 
complete (forward and back) movements of the hand . (Some heavy clays will require 10 to 15 movements when 
the soil is near the plastic limit , as the soil hardens at this stage.) It is important to maintain uniform rolling 
pressure throughout the test ; it is not correct to reduce the pressure as the thread diameter approaches 3 mm . 
The soil shall be picked up and moulded between the fingers to dry the soil further. The soil shall be formed 
into a thread and rolled out again. This procedure shal~ be repeated until the thread shears both longitudinally 
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and transversely when it has been rolled to about 3 mm in diameter. The metal rod may be used to gauge this 
diameter. (It is sometimes possible to gather the pieces of soil together after they have crumbled , and to reform 
a thread and continue rolling under slight pressure. This shall not be done . The first crumbling point is the 
plastic limit.) 

TOO JfET 

... , .... "~ 

Fig. 7. Determination of the plastic limit 

( 4) The portions of the crumbled soil thread shall be gathered together and transferred immediately to the 
container. The other three pieces of soil shall be treated similarly and placed in the same container. The 
container shall only remain open while the crumbled soil is being placed in it. The moisture content of the 
soil shall be determined as in Test 1 (A)*. 
(5) The other duplicate sample shall be treated similarly , so that two completely separate determinations 
are made. 

2.3.4 Reporting of results. The average of the moisture contents determined in 2.3.3 shall be taken as the plastic 
limit (PL) of the soil and shall be expressed to the nearest whole number . If the two results differ by more than 
0.5 %moisture content, the test shall be repeated. The percentage of material passing the 425 pm BS test si~ 
shall be noted. The history of the sample shall also be noted, i.e. natural state, air dried or unknown. 

Notes on Test 3 

NOTE 1. When nearly all the soil is likely to pass the 425 pm BS test sieve it is often convenient to remove the few coarse particles 
present by hand during mixing and then to test the sample without previously preparing it as described in 1.5. When the soils are 
tested in the natural condition the results will usually differ from those obtained with air dried samples. Organic soils and certain 
tropical soils should be tested in their natural condition. State on the test record that soil in the natural condition was used. 
NOTE 2. When t!1e liquid limit test is carried out on a soil in the natural state it is convenient to put aside a little of the thoroughly 
mixed material for the determination of the plastic limit. This soil shall be used as in 2.3.3 except that, in cases where it is initially 
too wet, it shall be allowed to dry in air until the required consistency is obtained . 

*Form B or C, Appendix B. 

24 



~ . ... 
·· .... 

BS 1377 · 1975 

4 Test 4. Determination of the plasticity index 
1 General. This method covers the determination of the plasticity index of a soil. 

Procedure. The liquid limit (LL) and plastic limit (PL) shall be determined by the procedures given in 2.2 

2.3 respectively. 

Calculations. The plasticity index (PI) shall be calculated from the equation: 

Reporting of results. The numerical difference calculated shall be reported as the plasticity index (PI) except 
when the plastic limit cannot be determined or when the plastic limit is equal to or greater than the liquid 

the material shall be reported as non-plastic (NP). 

'2.5 Test 5. Determination of the linear shrinkage 
-~ 2.5.1 General. This method covers the determination of the linear shrinkage of soils. 

·' 2.5.2 Apparatus. The following apparatus is required. 

(I) Two palette knives (a convenient size is one having a blade about 100 mm long and 20 mm wide). 
(2) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square) or an evaporating dish 
approximately 150 mm diameter. 
(3) A mould made of brass, or other suitable material of the type illustrated in Fig. 8 (see Note 1 ). 
( 4) Silicone grease. 

" (5) An oven capable of maintaining temperatures of 60 °C to 65 °C and 105 °C to 110 °C. 
(6) A means of measuring a length of up to 150 mm to within 0.5 mm . 

.3 Procedure. The procedure is as follows. 

(I) The mould shall be cleaned thoroughly and a thin film of silicone grease shall then be applied to its inner 
•. ,,. walls in order to prevent the soil from adhering to the mould .' 
~·.,- (2) A soil sample weighing about 150 g shall be taken from the material passing the 425 ~m BS test sieves 
', ;:~- which has been obtained in accordance with the procedure for the preparation of disturbed soil samples for 

J~~~- testing (see 1.5). The proportion of material passing the 425 ~m BS test sieve, expressed as a percentage of 
, fl.'--<-· the total mass of dry soil, shall be recorded. The sample shall be placed on the flat glass plate and mixed 
;~:,::.: thoroughly with distilled water using the palette knives until the mass becomes a smooth homogeneous paste, 
:t~· .. l." •• 

;.y~;,;. with a moisture content approximating to the liquid limit of the soil (see Note 2). 
:'',""jc· (3) Soil-water mixture shall be placed in the mould such that it is slightly proud of the sides of the mould. The 
{~~~ mould shall then be gently jarred to remove any air pockets in the mixture. The soil shall then be levelled off 
~..i'~{'\ along the top of the mould with the palette knife. All soil adhering to the rim of the mould shall be removed 
':~~~~;· by wiping with a damp cloth. 
~f{';• (4)The mould shall be placed so that the soil-water mixture can air dry slowly in a position free from draughts 
-~~:~ - .. until the soil has shrunk away from the walls of the mould, drying can then be completed first at a temperature 
"," , of 60 °C to 65 °C until shrinkage has largely ceased, and then at 105 °C to. 110 °C to complete the drying. 
;~-- (5) The mould and soil shall then be cooled and the mean length of the soil bar measured. If the specimen has 

· ~- become curved during drying it shall be removed carefully from the mould and the lengths of the top and 
C;!<, bottom surfaces measured. The mean of these two lengths shall be taken as the length of the oven dry specimen 
·~~'- (see Note 3). 
-~ ·i' R 12 . 5 mm 

~ - _l -J. --- . ------- -- -~-- __ t u--J-.• 
· h mm 

Material: non-ferrous 

This design has been found satisfactory, but alternative designs may be employed provided that the essential requirements are 
fulfilled (see Note 1 ). 

Fig. 8. Mould for linear shrinkage test 
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2.5.4 Calculations*. The linear shrinkage of the soil shall be calculated as a percentage of the original length of 
the specimen from the equation: 

. . ( Length of oven dry specimen~ 
Percentage of lmear shnnkage = 1 - 1n· . ll h f . X 100 

1t1a engt o spectmen 

2.5.5 Reporting of results. The linear shrinkage of the soil shall be reported to the nearest whole number together 
with the proportion of soil that passes the 425 flm BS test sieve. The history of the sample shall also be noted, i.e. 
natural state, air dried or unknown. 

Notes on Test 5 

NOTE 1. The mould may conveniently be made from 3 mm thick brass tube of 25 mm internal diameter, cut in half to form a 
semi-cylindrical trough. The ends of 6 mm flat brass are brazed on. 
NOTE 2. This moisture content is not critical to within a few per cent. 
NOTE 3. Should a specimen crack badly, or break, such that measurement is difficult, tht! test should be repeated at a slower 
drying rate. 

2.6 Test 6. Determination of the specific gravity of soil particles 

2.6.1 Test 6(A). Method for fine-, medium- and coarse-grained soils 

2.6.1.1 General. This method covers the determination of the specific gravity of soil particles. It is not suitable 
for soils containing more than 10 % of stones retained on a 3 7.5 mm BS test sieve and such stones should be 
broken down to less than this size. 

2.6.1.2 Apparatus. The following apparatus is required. 

{1) A gas jar, 1 litre in capacity, fitted with a rubber bung (see Fig. 9). 
(2) A ground glass plate for closing the gas jar (see Fig. 9). 
(3) A mechanical shaking apparatus capable of rotating the gas gar, end over end, at about 50 rev/min. (see 
Note 2). 
( 4) A balance readable and accurate to 0.2 g. 
(5) A thermometer to cover the temperature range 0 °C to 50 °C, readable and accurate to 1 °C. 

2.6.1.3 Procedure. The procedure is as follows. 

( 1) A sample weighing 200 g in the case of fme-grained soil and 400 g in the case of medium- and coarse·grained 
soils shall be obtained in accordance with the procedure for the preparation of disturbed soil samples for testing 
(see 1.5). This sample shall have been oven dried (see Note 3) and then stored in an airtight container until 
required. 
(2) The gas jar and ground glass plate shall be dried and weighed to the nearest 0.2 g (m 1 ). 
(3) Approximately 200 g of fine-grained soil or 400 g of medium- or coarse-grained soil shall be introduced into 
the gas jar directly from the container in which it has been cooled. The gas jar, ground glass plate and contents. 
shall be weighed to the nearest 0.2 g (m2). 

(4) Approximately 500 ml of water at a temperature within± 2 °C of the average room temperature during the 
test (see Note 4) shall be added to the soil. The rubber stopper shall then be inserted into the gas jar and in the 
case of medium- and coarse-grained soils the gas jar and contents shall be set aside for at least 4 h. At the end 
of this period , or immediately after the addition of water in the case of fine-grained soils, the gas jar shall be 
shaken by hand until the particles are in suspension and then placed in the shaking apparatus and shaken for a 
period of 20 min to 30 min . 

The stopper shall then be removed carefully and any soil adhering to the stopper or the top of the gas jar 
shall be washed carefully into the jar; any froth that has formed shall be dispersed with a fine spray of water. 
Water shall then be added to the gas jar to within 2 mm of the top. The soil shall be allowed to settle for a few 
minutes and the gas jar then filled to the brim with more water. The ground glass plate shall then be placed on 
the top of the jar taking care not to trap any air under the plate. The gas jar and plate shall then be carefully 
dried on the outside and the whole weighed to the nearest 0.2 g (m3). 
(5) The gas jar shall be emptied , washed out thoroughly, and filled completely to the brim with water. Th~ass 
plate shall be placed in position taking care not to trap any air under the plate . The gas jar and plate shall t~n 
be dried carefully on the outside and the whole weighed to the nearest 0 .2 g (m4 ). 

(6) The procedure outlined in (1) to (4) shall be repeated on a second sample of the same soil so that two values 
for specific gravity are obtained. 

*See Form D, Appendix B. 
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2.6.1.4 Calculations*. The specific gravity, Gs, of the soil particles shall be calculated from the quation: 

G = s 

where 

ml is the mass of gas jar and ground glass plate (g); 
m2 is the mass of gas jar, plate and soil (g); 
m3 is the mass of gas jar, plate, soil and water (g); 
m4 is the mass of gas jar, plate and water (g). 

2.6.1.5 Reporting of results. The specific gravity of the soil particles shall be reported to the nearest 0.0 1. If the 
two results differ by more than 0.03 the tests shall be repeated. 

Notes on Test 6(A) 

NOTE 1. A gas jar has been found to make a very effective pycnometer but any container of similar capacity can be used provided 
that it can be shaken in a mechanical shakin_g apparatus, and provided that the mouth can be sealed in such a way that its volume 
is constant. 
NOTE 2. An end-<>ver-end shaker has been specified but shaking machines giving a vibrating motion would also be suitable. The 
choice of shaking machine depends on the type of pycnometer used. 
NOTE 3. Oven drying of the soil has been specified for convenience. If there is any reason to believe that this will change the 
specific gravity due to loss of water of hydration, the soil should be dried at not more than 80 o C. This fact should be reported. 
NOTE 4. If there is a large difference between the air temperature and water temperature sufficient water should be drawn for 
the required number of tests and allowed to stand in the room in which the tests are being done until the temperature is within 
the given range. 

2.6.2 Test 6(B). Method for fine-grained soils 

2.6.2.1 General. This method covers the determination of the specific gravity of soil particles of fine-grained soils. 
The method may also be used for medium- and coarse·grained soils if the coarse particles are ground to pass, say a 
2 mm BS test sieve before using. 

2.6.2.2 Apparatus. The following apparatus is required. 

(1) Two density bottles (pycnometers) of approximately 50 ml capacity with stoppers. 
(2) A water bath maintained at a constant temperature to within± 0.2 °C. (If standard density bottles are used 
this constant temperature is 20 °C). 
(3) A vacuum desiccator (a convenient size is one about 200 mm to 250 mm in diameter). 
(4) A desiccator (a convenient size is one about 200 mm to 250 mm in diameter) containing anhydrous silica geL 
(5) A thermostatically controlled drying oven, capable of maintaining a temperature of 105 °C to 110 °C. 
(6) A balance readable and accurate to 0.001 g. 
(7) A source of vacuum, e.g. a good filter pump or a vacuum pump. 
(8) A Chattaway spatula (a convenient size is one having a blade 150 mm long and 3 mm wide; the blade h3S to 
be small enough to go through the neck of the density bottle), or a piece of glass rod about 150 mm long and 
3 mm diameter. 
(9) A wash bottle, preferably made of plastics, containing air-free distilled water (see Note 1 ). 

(1 0) A sample divider of the multiple slot type (riffle box) with 7 mm width of opening. 
(11) A length of rubber tubing to fit the vacuum pump and the desiccator. 

2.6.2.3 Procedure. The procedure is as follows. 

(1) The complete density bottle with stopper, shall be dried at 105 o C to 110 °C, cooled in the desiccator and 
weighed to the nearest 0.001 g (m 1) (see Note 2). 
(2) The 50 g sample obtained as described in the procedure for the preparation of disturbed samples for 
testing (see 1.5) shall if necessary be ground to pass a 2 mm BS test sieve. A 5 g to 10 g subsample shall be 
obtained by riffling, and oven dried at 105 QC to 110 QC (see Note 3). This sample shall be transferred to the 
density bottle direct from the desiccator in which it has been cooled. The bottle and contents together wfth the 
stopper shall be weighed to the nearest 0.001 g (m 2). 

(3) Sufficient air-free distilled water (see Note 4) shall be added so that the soil in the bottle is just covered./' 
The bottle containing the soil and liquid, but without the stopper, shall be placed in the vacuum desiccator, · 1 

which shall then be evacuated gradually . The pressure shall be reduced to about 20 mm of mercury .· When 
using a water pump , because of variation in mains pressure, care shall be taken to ensure that the required 
vacuum is maintained. 

Care shall be taken during this operation to see that the air trapped in the soil does not bubble too violently, 
so as to prevent small drops of the suspension being lost through the mouth of the bottle. The bottle shall be 

*See FormE, Appendix B. 
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allowed to remain in the desiccator for at least 1 h until no further loss of air is apparent. 
(4) The vacuum shall be released and the lid of the desiccator removed. The soil in the bottle shall be stirred 
carefully with the Chattaway spatula, or the bottle vibrated. Before removing the spatula from the bottle the 
particles of soil adhering to the blade shall be washed off with a few drops of air-free liquid . The lid of the 
desiccator shall then be replaced and the desiccator evacuated again. 
(5) The procedure outlined in (3) and (4) shall be repeated until no more air is evolved from the soil (see Note 5). 
(6) The bottle and contents shall then be removed from the desiccator and further air-free liquid added until 
the bottle is full . The stopper shall then be inserted. The stoppered bottle shall be immersed up to the neck in 

. the constant-temperature bath for approximately 1 h, or until it has attained the constant temperature of the 
bath (see Note 6). 

If there is an apparent decrease in volume of the liquid the stopper shall be removed and further liquid 
added to fill the bottle and the stopper replaced. The bottle shall then be returned to the bath and sufficient 
time shall be allowed to elapse after this operation to ensure that the bottle and its contents again attain the 
constant temperature of the bath. If the bottLe is still not completely full this process shall be repeated. 
(7) The stoppered bottle shall then be taken out of the bath, wiped dry and the whole weighed to the 
nearest 0.001 g (m 3). 

(8) The bottle shall then be cleaned out and filled completely with air:free liquid , the stopper inserted and then 
the whole immersed in the constant temperature bath for 1 h or until it has attained the constant temperature 
of the bath. If there is an apparent decrease in the volume of the liquid, the stopper shall be removed and 
further liquid added to flil the bottle and the stopper replaced . The stoppered bottle shall then be returned to 
the bath and sufficient time shall be allowed to elapse after this operation to ensure that the bottle and its 
contents again attain the constant temperature. If the bottle is still not completely full this process shall be 
repeated. The bottle shall then be taken out of the bath, wiped dry and the whole weighed to the nearest 

r 0.001 g (m4 ) (see Note 7). 
(9) Two determinations of the specific gravity of the same soil sample shall be made (see Notes 8 and 9). 

:2.6.2.4 Calculations*. The specific gravity of the soil particles , G s• shall be calculated. If water has been used as 
the air-free liquid, then the following equation shall be used: 

ml 
.. m 
·,. 2 

~;. m3 
t! m4 }";\ 

is the mass of density bottle (g); 
is the mass of bottle and dry soil (g); 
is the mass of bottle, soil and water (g); 
is the mass of bottle when full of water only (g). 

If some other air-free liquid has been used reference should be made to Note 4. 

2.6.2.5 Reporting of results. The average of the values obtained shall be taken as the specific gravity of the soil 
particles and shall be reported to the nearest 0.01. If the two results differ by more than 0.03 the tests shall be 
repeated. 

Notes on Test 6(B) 
~ 

NOTE 1. Obtain the air-free distilled water by boiling a quantity of distilled water fo r at least 30 min in a container that can be 
sealed from the atmosphere during cooling. Take care to see that the container is strong enough to resist the reduction in pressure 
inside it during cooling. 
NOTE 2. Standard density bottles. If a density bottle conforming to BS 733 is wed then in order to avoid distortion it should 
not be dried by placing it in .an oven. It may be dried by rinsing with acetone or an alcohol-ether mixture and then blowing warm 
air through it . 
NOTE 3. Oven drying-of the soil has been specified for convenience. If there is any reason to believe that this will change the 
specific gravity due to loss of water of hydration the soil should be dried at not more than 80 • C. This fact should be reported. 
NOTE 4. Alternative liquids for specific gravity determination. With certain soils , e.g. those containing soluble salts, Kerosene 
(paraffin oil) or white spirit may be preferred . If one of these is used, record the fact and carry out a separate experiment to 
determine the specific gravity of the liquid at the temperature of the test. The equation for the specific gravity of the soil 
particles, C s• given in 2.6.2.4 then becomes: 

CL (m 1 - m 1 ) 

where 
CL is the specific gravity of the liquid used, at the constant temperature; 
m, is the mass of density bottle (g); 
m, is the mass of bottle and dry soil (g); 
m3 is the mass of bottle, soil and liquid (g); 
m4 is the mass of bottle when full of liquid only (g). 

*See Form F, Appendix B. 
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NOTE 5. Experience has shown that the largest source of error in the test is due to the difficulty in ensuring the complete removal 
of air from the sample. To obtain reliable results the soil should be left under vacuum for several hours, preferably overnight. 
NOTE 6. If a constant temperature room or cabinet is available then this procedure need not be carried out in a water bath. 
NOTE 7. If 2.6.2.3(8) is used to find the volume of the density bottle then the test may be carried out at any temperature provided 
it is constant throughout the test. · 
NOTE 8. Many soils have a substantial proportion of heavier or lighter particles. Such soils will give erratic values for the specific 
gravity even with the greatest care in testing and a number of repeat tests may be needed to obtain a good average value. 
NOTE 9. Clean quartz and flint sands generally have a specific gravity close to 2.65; low values would suggest the presence of 
organic matter. 

2. 7 Test 7. Determination of the particle size distribution 

2.7.1 Test 7(A). Standard method by wet sieving 

2.7 .1.1 General. This method covers the quantitative determination of the particle size distribution in a soil 
down to the fine sand size. The combined clay and silt fraction can be obtained with this method by difference. 

The procedure given involves preparation of the sample by wet sieving to remove silt and clay sized particles, 
followed by dry sieving of the remaining coarser material. Other procedures using wet sieving of the coarser 
material may be used provided that no material other than the silt and clay fraction is lost in washing (see Note 1 ). 

2.7.1.2 Apparatus. The following apparatus is required. 

(1) British Standard test sieves as follows: 75 mm, 63 mm, 50 mm, 37.5 mm, 28 mm, 20 mm, 14 mm, 10 mm, 
6.3 mm, 5 mm, 3.35 mm, 2 mm, 1.18 mm, 600 )liD, 425 )liD, 300 }lm, 212 }lm, 150 }lm, 63 }liD and appropriate 
receivers (see Notes 2 and 3). 
(2) A balance readable and accurate to 0.5 g. 
(3) A balance readable and accurate to 0.01 g. 
(4) Sample dividers, e.g. the multiple slot type (riffle boxes) similar to those shown in Fig. 3. 
(5) A thermostatically controlled drying oven capable of maintaining a temperature of 1 OS QC to 110 QC. 
(6) At least six evaporating dishes (a convenient size is about 150 mm diameter). 
(7) At least six metal trays (a convenient size is about 300 mm diameter and 40 mm deep). 
(8) Two or more large metal or plastics watertight trays, or a bucket of about 12 litres capacity. (Convenient 
sizes for the trays are in the range 500 mm to 1000 mm square and 80 mm to 150 mm deep.) 
(9) A scoop (a convenient size is one about 200 mm long and 100 mm wide) or a beaker (about 500 m1). 

(1 0) Sieve brushes, and a wire brush or similar stiff brush. 
(11) Sodium hexametaphosphate (commercial grade is suitable). 
(12) A quantity of rubber tubing about 6 mm bore. 
(13) A mechanical sieve shaker (optional). 

2.7.1.3 Procedure. The procedure is as follows. 
I 

(1) The oven dried subsample obtained as described in the procedure for the preparation of disturbed samples 
for testing (see 1.5) shall be weighed to 0.1 %of its total mass (m1) (see Note 4 ). 
(2) The subsample shall then be placed on the 20 mm BS test sieve (see Appendix A) and any particles too 
coarse to pass through the test sieve shall be brushed with a wire brush or similar stiff brush until the individual 
particles are clean of any finer material. Care shall be taken when dealing with soft materials to ensure that the 
brvshing is not removing parts of the large particles (see Note 5). The fraction retained on the 20 mm BS test 
sieve shall then be sieved on the appropriate larger sieves and the amount retained on each sieve weighed and 
recorded. 
(3) The fraction of the oven·dry material passing the 20 mm BS test sieve shall be weighed to 0.1 %of its total 
mass and the mass recorded (m2). It shall then be riffled so that a fraction of convenient mass (about 2 kg) is 
obtained. The fraction shall be weighed to 0.1 %of its total mass and the mass recorded ~m3 ). 
(4) The riffled fraction shall then be spread out in the large tray or placed in the bucket and covered with water. 
(5) Sodium hexametaphosphate shall t~en be added at the rate of 2 g/litre of water and the whole shall be stirred 
well to wet the soil. The soil shall then be allowed to stand for at least 1 h in this solution and shall be stirred 
frequently. 
(6) The material shall then be washed , a little at a time, through a 2 mm BS test sieve nested in a 63 }lm BS .test 
sieve . The material passing the 63- }lm sieve containing the silt and clay being allowed to run to waste. The 
washing shall be continued until the water passing the 63 }lm BS test sieve is virtually clear. All the material 
retained on the sieves shall then be tipped into separate trays or evaporating dishes. Care shall be taken to see 
that neither test sieve is overloaded in the process either with material or with water (see Appendix A). The 
maximum amount of material initially on the 63 j.lm BS test sieve shall not exceed 150 g. 
(7) When the whole of the sample has been washed all the retained material shall then be dried in an oven at 
105 QC to 110 QC . 
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(8) When dry, the fractions shall be dry sieved through the appropriate sieves down to the 6.3 mm BS test sieve 
and the amount retained on each sieve weighed and recorded. 
(9) If the fraction passing the 6.3 mm BS test sieve is small, i.e . not more than 150 g, the sample can be sieved 
on the appropriate sieves down to and including the 63 pm BS test sieve. The amounts retained on each sieve 

shall be weighed and the masses recorded . If a mechanical shaker is available these steps can be performed in 
one operation provided the test sieves are all of the same diameter. Care shall be taken to ensure that sieving is 
complete. The minimum period of shaking shall be 10 min. 
(10) If the fraction passing the 6.3 mm BS test sieve is large , i .e. substantially grea'ter than 150 g, the fraction 
shall first be weighed and the mass recorded (m4). It shall then be riffled so that a fraction between 100 g to 
150 g is obtained. This fraction shall be weighed and the mass recorded (m5 ), and then sieved on the appropriate 
sieves down to and including the 63 pm BS test sieve . The amounts retained on each sieve shall be weighed and 

the masses recorded. 
(11) The fraction passing the 63 ]lm BS test sieve shall be obtained by difference, i.e. by adding the masses of 

material retained on each of the sieves used, and having made due allownace for any subdivision of the sample, 
subtracting the total from the original mass (m 1 ). 

2.7.1.4 Calculations*. The calculations are as follows.' 

(1) For samples containing particles larger than 20 mm in size the mass of material retained on each of the 
coarse series of sieves shall be calculated as a percentage of m 1· For example : 

. d 37 5 . m(37 .5 mm) 00 Percentage retame on . mm sieve = X 1 
m1 

(2) The mass of material retained on the range of sieves between 20 mm and 6.3 mm shall be calculated as a 
fraction of m 2 and then as a percentage of m 1 . For example : 

. d 10 . m(JO mm) X m2 X 100 Percentage retame on mm sieve = X 
m1 m3 

(3) The mass of material retained on each of the sieves finer than the 6.3 mm BS test sieve shall be calculated 
as a fraction of m4 and then as a percentage of m 1 . For example : 

m(300 pm) X m 2 X m 4 
Percentage retained on 300 pm sieve = X X X I 00 

ml m3 ms 
.. ~y· (4) The cumulative percentages by mass of the sample passing each of the sieves shall be calculated . 

. 2.7.1.5 Reporting of results. The results obtained shall be reported on a semi-logarithmic chart of the type shown 
. ' in Fig. 10. 
';. Alternatively , the results shall be reported in the form of a table showing to the nearest 1 %, the percentage 

~··i.by mass passing each of the sieves used. 

Notes on Test 7(A) 

. ,NOTE 1. Wet sieving of both coarse and fine material. A procedure that allows the process of washing the sample free of silt and 
· clay and the process of sieving the coarser fractions to be combined in a single wet sieving operation is described by West and 

Dumbletont. Reduction of the sample mass by riffling at intermediate stages in the process, to avoid sieve overloading, is not 
"'· possible in such a wet method. The method is therefore only suitable for soils containing little gravel-sized material (say less than 
~:. ' 10 %retained on the 10 mm sieve). · 

·.~': NOTE 2. Choice of sizes of test sieves. ·The sizes of the test sieves used for the test should cover adequately the range for the 
particular soil used, but it will not generally be necessary to use every size for every test. 
NOTE 3. Where large numbers of tests are to be carried out it may be advantageous to have two sets of sieves, one for the wet 
sieving and one for the dry sieving processes. 
NOTE 4. If separation of the silt and clay fractions is required then a second riffled sample shall be retained and a fine analysis 
carried out as in Test 7(C) or 7(0). 
NOTE 5. Certain soils, e.g. laterites, have large amounts of the clay fraction in the interstices of the larger particles. Treat these 
soils as described in this method but then wash the large particles retained on the 20 mm BS test sieve in sodium hexametaphosphate 
solution; estimate the amount of clay removed and allow for it in the final calculations. 
NOTE 6.Do not dry the retained material on the sieve as it is detrimental to sieves to heat them. 

2.7 .2 Test 7(B). Subsidiary method by dry sieving 

2.7.2.1 General. This method covers the quantitative determination of the particle size distribution in a soil down 
to the fine sand size . TI1is method shall not be used unless it has been shown that for the type of material under 
test it gives the same results as the method of analysis by wet sieving. In cases of doubt the method shall not be 
used . 

*See Form G, Appendix B. 

t West, G. and Dumbleton, M.J. Wet sieving for the particle size distribution of soils. Department of the Environment, TRRL 
Report LR 437. Crowthorne : 1972 (Transport and Road Research Laboratory .) 
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Fig. 10. Particle size distribution chart 

2.7.2.2 Apparatus. The following apparatus is required. 

(I ) British Standard test sieves as follows: 75 mm, 63 mm 50 mm, 37.5 mm, 28 mm, 20 mm, 14 mm, 10 mm, 
6.3 mm, 5 mm, 3.35 mm, 2 mm, 1.18 mm, 600 }lm, 425 }lm. 300 }lm, 212 }lm. 150 }lm. 63 }lm and appropriate 
receivers (see Note I). 
(2) A balance readable and accurate to 0.5 g. 
(3) A balance readable and accurate to 0.01 g. 
(4) Sample dividers , e.g. the multiple slot type (riffle boxes), similar to those shown in Fig. 3. 
(5) A thermostatically controlled drying oven capable of maintaining a temperature of I 05 °C to 110 °C . 
(6) Sieve brushes. 
(7) At least six metal trays (a convenient size is about 300 mm diameter and 40 mm deep). 
(8) At least six evaporating dishes (a convenient size is about 150 mm in diameter). 
(9) A light hammer and/or a mortar and a rubber pestle (see Fig. 2). 
(10) A scoop (a convenient size is one about 200 mm long and 100 mm wide). 
(11) A mechanical sieve shaker (optional). 

2.7.2.3 Procedure. The procedure is as follows. 

(I) The oven dried subsample obtained as described in the procedure for the preparation of disturbed samples 
for testing (see 1.5) shall be weighed to 0.1 %of its total mass. 
(2) The largest size test sieve appropriate to the maximum size of material present shall be fitted with the 
receiver and the subsample placed on the sieve (see Note 2 and BS 1796). 
(3) The test sieve shall be agitated so that the sample rolls in irregular motion over the test sieve. Any particles 
may be hand placed to see if they will fall through but they shall not be pushed through. The material from the 
test sieve shall be rubbed with the rubber pestle in the mortar and resieved to make sure that only individual 
particles are retained . The amount retained on the test sieve shall be weighed. 
(4) The material retained in the receiver shall be transferred to a steel tray and the receiver fitted to the next 
largest sized test sieve. The contents of the steel tray shall then be placed on the sieve and operation (3) repeated 
(see Note 3) . 
(5) Operations (3) and. ( 4) shall be repeated through all the test sieve sizes used. Note that if a mechanical shaker 
is available these steps can be performed in one operation provided the test sieves are all of the same diameter. ' 
Care shall be taken to ensure that sieving is complete . A minimum of 10 min shaking shall be used . · 
(6) If any test sieve becomes overloaded the material on the test sieve shall be sieved in parts, the parts not to 
exceed the masses given in Appendix A. 
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