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A bstract：U niaxial co m pressive strength tests w ere conducted on the saturated frozen L anzhou silt (10ess)

at vario us constant strain rates and at various constant tem peratures．It is co ncluded from  the test results

that：the com pressive strength (df) is very sensitive to tem perature (臼) and increases w ith the tem pera—

ture decreasing as a pow er law ．C om pressive strength is sensitive to strain rate (￡) and increases w ith

strain rates increasing w ithin a certain range of strain rates as a pow er law ．Com pressive strength decrea—

ses w hen tim e to failure (“ ) increases，also follow ing a pow er law ．Finally．C om pressive strength of fro—

zen silt w ith higher dry density (yd) is higher than that of frozen silt w ith low er dry density．T he differ—

ence betw een them  is m ainly influenced by strain rate．

K ey w ords：the saturated frozen silt；com pressive strength ；constant；strain rate

C L C  num ber：P 642．14 D ocum ent code：A

1  In trod u ctio n

    C om pressive strength is one of the m ajor m e—

chanicat properties of frozen soil and an im portant

 basis for designing foundations in cold regions．

M any studies on the com pressive strength of frozen

soil have been conducted．E arly in 1930．T sytov—

ichL“ ，a founder of m echanics of frozen ground in

R u ssia，co n d u cted un iaxial com p ress tests on fro—

zen sand at various tem peratures and at various

stress rates， and fo und that th e com pressive

st reng th o f frozen sand increases w ith stress rate

increasing and tem perature decreasing．A fterw ards

m any fam ous researchers in geocryology had stud—

ied the com pressive strength of frozen soil，such as

V ialov[2‘and Ladanyi et a1．[…．In C hina．W u Zi—

w ang et a1．[4朋．firstly tested the uniaxial corll—

pressive strength of frozen sand，and found that it

related to tem perature，stress rate and w ater con—

t{}n t．T h ereafter Z h u Y uan lin et a 1．[6～1“ ．in detail

studied on the uniaxial com pressive strength of fro—

zen sand， and proposed that the com pressive

strength closely relates to strain rate，tim e to fail—

ure and tem perature，and established quantitative

relations am ong them ．Li H ongsheng[1 2|et a1．in—

vestigated the sensitivity of com pressive strength

to strain rate for frozen silty loam ，and foun d that

strain rate an d tem perature are vital factors in af—

fecting com pressive strength． T hey divided the

sen sitivity in to th ree d ifferen t lev els fro m  10w  to
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high w ith the st rain rate (：hanging ，and set up a

strength m odels w ith st rain rate and tem perature

as variab les fo r frozen siltY l()am ．

    M any researchers have studied com pressive

strength for frozen sand and frozen clayey soil，but

few  tests w ere cond ucted on com pressive st rength

of frozen silt．7i'he uniaxial com pressive st：-ength of

satu ra ted fro zen silt ( I。an zh o u lo ess ) a t co n stan t

strain rate an d at constant tem perature w as investi

gated in this paper．

2  E xperim ental

 2．1  Specim en p reparation

    T h e so il u sed in th is ex p erim en t w as ]’em o td ed

 L anzhou silt (10ess)．P rocess of preparing speci—

m en s is as fo llow s．F irstly d istilled w ater w as add

ed to air d ried so il to m ak e in itial w ater co n ten t of

12％ by w eight．T hen lhe soil w as put in a cylin—

drical gang m old w ith diam eter of 6 1．8m m  and

com pacted to the desired dry density ( 1．76 g·

cm  3 and 1．58 g· cnl 。in this test)．T hese speci—

tn e．n s w ere th en satu rated w ith deaerated ，d istilled

w ater under a vacu uin of 73 m m  H g (the corre—

sponding saturated w ater content is 1 j．5 and

24．5％ )．A fter saturation they w ere quickly fro

zen from  top to bottom  in a freezing cabinet．T hen

th e sp ecim en s w ere tak en o ut from  th e m c ld s after

freezing and m achined to 1 50 Rim  in length．

2．2  E xperim en t m ethods

    F irstly，the prepared specim ens w ere kept at

th e sam e tem p eratu re as th e test fo r 12 h o urs in a

constant tem perature cabinet．T hen it w ￡s placed

on screw —driven universal m at erial testing m achine

to perform  uniaxial com pressive tests at constant

deform ation rate．D ata tak er auI om atical]Y recor—

ded axial load and deform ation in the course of

com pression．C om p uter calculated the stress and

strain ，and plotted the corresponding stress—strain

cu rves at last． I)en sitY an d w ater con teE t of th e

specim en w ere m easured aft er test． T he density

and w ater contents reported in the paper is the av—

eraged value．

3  T E S T  R E S U I。T S

T h e test result s are listed jn T ab le 1．

4  I)iscu ssio n

4．1  盯。一0 R elationship

    T he curves of com pressive sl rengt h against

tem per at ure for the frozen silt w il h different dry

densities at vario us strain rales are show n in fig．1

anti fig．2．F rom  1 he figures w e C,!tn see 1 hat COIll一

pressive strength is very sensitived to tem perature

and it strongly increases w ith tem perature descend—

ing．B y regression analysis，t heir relat ionship can

be described by ：

盯。一 K (0／o)“ ( 1 )

w here 口is native tem perature (℃)，瓯一一l ℃ is a

reference tem perature，K  and h are param eters．

T h e values o f K  an d h are listed in tab le 2．F rom

the table，it is clear that th e param eter h is alm ost

not related to tem peralure，strain rate and dry den—

sity．A nd it’s averaged values is 0．7182．H ow ev

er，K  is closely related to strain Fate．

4．2  仃。一s R elationship

    F ig．3 and fig．4 show  the relationship betw een

com p ressive strength and strain rate at various

tem peratures for the frozen silt w ith different dry

densities．From  the figures，it s clear that corn

pressive strength generally increases w ith strain

rate increasing in a pow er taw  w ithin a certain

range of strain rate．

    B y regression anlysis，the relation betw een

com pressive strength and strain rate in a certain

range of strain rate can be expressed by

    匹。一 A (￡／￡j)“

w here：；is strain rate (s1 )，÷o—l s  is a refer—

en ce strain rate。A  an d m  are p aram et ers．T h e val—

ues of A  an d m  are 1isted in tab le 3．

    F rom  T ab le 3 ．it’s clear th at nl is alm o st n ot

related to tem perature．In the range of lem peratu re

from 一15 to 一2 。C ，the average values of Ⅲ are

0．059 and 0．098 for the frozen silt w ith dry density

of 1．76 g· cm  3 and 1．58 g· crn。，respectively．

H ow ever，A  is closely related to tem perature．B y

regression，their relation can be descrihed by

A 一 盯o(0／00)‘    (3)
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T em perature 0 ，0 ．

F ig．1  C om pressive strength vs．tem perature

    (yd一1．76 g· Crll 3，W ；15．5％)

T em perature ／0 ／0 ．．

F ig．2  C om pressive strength VS．tem perature

    (yd一1．58 g· em 一，W = 24．5％)

Table 2 V alues of K  and h in eq．(1)

    S trail3 rate ／10 s

F ig．3  C om pressive strength VS．strain rate

    (yd一1．76 g· cm 一3，W 一1 5．5％)

    Strain rate ／10“x

Fig．4  C om pressive strength VS．strain rate

    (yd一1．58 g· em 一，w 一24．5％)

Table 3 V laues of A  and m  in eq．(2)

w here：GO is the com pressive strength aS 护一一1 ℃

an d ；1 S  ，an d th e valu e of w h ich h as n o relation

w ith dry density and equals to 2．896．i is a param —

eter related to dry density，and it’S value is 0．578

and 0．648 for frozen silt w ith dry density 1．76 g·

cin 3 and 1．58 g· cm 。respectively．

    C om bining E qs( 2 ) and (3)，the com pressive

strength can be evaluated by the follow ing m odel

according to ￡and 口：

巧。：一 O'o(0／岛)2(￡八o)… (4 )

If take the values of param eters into E q．(4)，then

w e get the follow ing m odels：

    F or the satured frozen silt w ith dry density of
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1．76 g．cn) 3(E≥ 1．1×10 6 s 1)，

    巩，一2．896(o／o。，)叭78(；／；。)。。％。

F or frozen silt w iIh dry densiIy of 1．58 g· cm

o。一 2．896(0／0。)o“48(÷／÷。)0。∞8    (6)

4．3  盯。一tf R elationship

    C om pressive strength against tim e to failure i’n

logarilhm  for frozen silt w ith different dry densi

ties at various t em perat ures is plotted in fig．5 and

fig．6，respect ively．F rom  1 he tw o figures，it can

be seen that com pressive strength decreases w ith

tim e to failure increasing also follow ing a pow er

law  w ithin a certain range of the tim e to failure．

    B y regression analysis，in a certain range of

th e tiHie to failu re，their relatio n sh ip can b e w rit—

t e n  a s ：

仃。一 B (￡f／tfo)1

w here：，f。= 1 m in is a reference tim e to failure，B

and " are param eters and their values are listed in

tab le 4

T able 4 V laues of B  and 疗in eq．(7 )

    F、ro n l ta b le 4 。th e v a lu e o f n  h a s n o  re la tio n  to

tem perature for the frozen silt w ith sam e dry den—

sity．In the range of test tem perature，the average

vahle of n is respectively 0．066 and 0．109 for yd一

1．76 g· cm  3 and 1．58 g· cm ～ respectively．B  is

closely related 10 tem perature． B y regression ，

their relation can be expressed by

B 一仃。7(0／00)，    (8)

w here：盯()7 is the com pressive strength at臼一一l ℃

and tf一1 m in ，and J is param eter．In the test con—

ditions．for the frozen silt w ith dry density of 1．76

g· cm 。and 1．58 g· cm 。，口o 7 is 1．557 and

1．644，and J is 0．698 and 0．672，respectively．

    C om bining E qs．(7) and (8)。the com pressive

strength m odel for frozen siIt can be expressed as

follow s：

‰ 一 盯o 7(0,／0。)7(tf／tff|) ”

T aking the values of param eters into eq．(9)，this

 m odel can be expressed as：

for frozen silt w“h dry density of 1．76 g· cm ．

    o-。一 1．557(0／00)o”8(tf／tf。) o。66    (10 )

for frozen silt w ith dry densitY of 1．58 g· cm 。．

    盯。一 1．664(0／0。)o 6 72(tf／tm) o 10。  (1 1)

4．4  盯。一yd R elationship

    A ccording to 1he test results，com pressive

strength of the saturated frozen silt w ith higher

dry density is higher than that of the frozen silt

w ith low er dry density at sam e strain rate and saHie

lem perat ure．T he difference betw ene t he lw o c()m —

pressive strengthes w ith different dry densities is

divided by the conlpressive st rength of frozen silt

w ith low er dry density at the sam e st rain rate and

tem perature is defined as increasing rate of

strength R 。，expressed by percentage． ’i'he in—

crea-sing rate of strength against strain rate at vari—

OUS tem peratures is plotted in figure 7．From  this

figure，it can be seen that the increasing rate de—

creases w hith strain rate increasing．T heir rela—

tionship can be exp ressed by

尺。一log(1／；)“+ 志    (12)

w here：h and 是are param eters，and in th e test

conditions，they have the values of 5．059 and

～ 2 1．09 8．

    T im e to failure ／m i”

F ig．5  C om pressive strength vs．tim e to failure

    (7a—i．76 g· ClTI 。，W -= 1 5．5％)
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    T im e to failure ／ra in

F ig．6  C om pressive strength vs．tim e to tailure

    (yd一1．58 g· cnl 3，W 一24．5％)

    Straiil rate ／10。s。

F ig．7  Increasing rate of strength vs．stra n rate

5  C o n clu sio n s

    It can be con cluded from  this in～estigation

th at：

    (1) C om pressive strength of the saturated fro—

zen silt is quiete sensitive to tem perature and strain

rate．It can be evaluated by the follow ：ng m odel

according to tem perature and strain rate in a cer—

rain range of strain rate：

    ‰ 一o-。(0／00)2(；／；。)“

    (2) C om pressive strength of the satt rated fro—

zen silt decreases w ith tim e to failure inc,easing al——

so in a pow er law ．In a certain range of tim e to

failure，the strength m odel，w ith tim e to failure

and tem perature as variables，can be w ri lien as：

    口。一 巧o’(臼／既)’(tf／tf。)“

    (3) A t the sBnle strain rate and tem perature，

com pressive strengt h of the sat urated frozen soil

w ith higher dry densilY is higher than that of the

frozen silt w ith low er dry density．T he increasing

rate of strength R 。is m ainly influenced by strain

rate．T h eir relation s can be d escribed by

    R 。一 log (1／E)6 + 是
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