
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


3TUDY฀ON฀THE฀INTERFACE฀SHEAR STRENGTH฀OF SOIL NAILS฀IN฀A฀COMPLETELY฀DECOMPOSED฀
GRANITE฀SOIL฀BY฀LABORATORY฀PULLOUT฀TESTS฀AND฀LARGE
SIZE DIRECT฀SHEAR BOX฀TESTS฀

%TUDE฀SUR฀LA฀FORCE฀DE฀CISAILLEMENT฀DgINTERFACE฀DE฀CLOUS฀DE฀SOL฀DANS฀UN฀SOL฀DE฀GRANITE฀COMPLáTEMENT฀
D£COMPOS£฀PAR฀LES฀TESTS฀DE฀RETRAITE฀EN฀LABORATOIRE฀ET฀DES฀TESTS฀DE฀CISAILLEMENT฀DIRECT฀SUR฀BOXE฀DE฀

GRANDE฀TAILLE฀
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!"342!#4฀
4WO฀LABORATORY฀PULL
OUT฀BOXES฀WERE฀DEVELOPED฀TO฀INVESTIGATE฀THE฀INTERFACE฀SHEAR฀STRENGTH฀BEHAVIOUR฀OF฀A฀SOIL฀NAIL฀AND฀A฀SURROUNDING฀
SOIL�฀฀4HE฀SOIL฀WAS฀A฀TYPICAL฀#OMPLETELY฀$ECOMPOSED฀'RANITE฀�#$'	฀SOIL฀TAKEN฀FROM฀A฀SOIL฀NAIL฀STABILIZED฀SLOPE฀SITE฀IN฀(ONG฀+ONG�฀)N฀
ADDITION฀TO฀THE฀PULL
OUT฀BOX฀TESTS�฀A฀LARGE
SIZE฀DIRECT฀SHEAR฀BOX฀WAS฀ALSO฀USED฀TO฀MEASURE฀THE฀INTERFACE฀SHEAR฀STRENGTH฀BETWEEN฀THE฀#$'฀
SOIL฀ AND฀A฀CEMENT฀GROUT฀PLATE�฀!฀NUMBER฀OF฀ LABORATORY฀PULL
OUT฀ TESTS฀ AND฀ LARGE
SIZE฀ SHEAR฀BOX฀ TESTS฀WERE฀PERFORMED฀WITH฀ A฀ CEMENT
GROUTED฀NAIL฀�OR฀CEMENT฀GROUT฀PLATE	฀IN฀THE฀#$'฀SOIL�฀฀-AJOR฀RESULTS฀ARE฀PRESENTED฀AND฀DISCUSSED฀IN฀THE฀PAPER�฀4HE฀RESULTS฀ARE฀USED฀TO฀
EXAMINE฀THE฀INFLUENCE฀OF฀�A	฀OVERBURDEN฀PRESSURE�฀�B	฀SOIL฀DEGREE฀OF฀SATURATION�฀�C	฀SURFACE฀ROUGHNESS฀OF฀SOIL฀NAIL�฀�D	฀STRESS฀RELEASE฀IN฀
DRILL฀HOLE�฀AND฀�E	฀THE฀INTERFACE฀DILATION฀ON฀THE฀INTERFACE฀SHEAR฀STRENGTH�฀

2»35-»฀
$EUX฀BO¦TES฀D£TACHABLES฀EN฀LABORATOIRE฀ONT฀£T£฀D£VELOPP£ES฀POUR฀EXAMINER฀LE฀COMPORTEMENT฀DE฀FORCE฀DE฀CISAILLEMENT฀DgINTERFACE฀DgUN
CLOU฀DE฀SOL฀ET฀UN฀SOL฀ENVIRONNANT�฀,E฀SOL฀£TAIT฀UN฀GRANITE฀TYPIQUE฀COMPLáTEMENT฀D£COMPOS£฀�#$'	฀PRIS฀DgUN฀CLOU฀DE฀SOL฀EN฀SITE฀DE฀PENTE฀
STABILIS£฀A฀(ONG฀+ONG�฀%N฀PLUS฀DE฀LA฀BO¦TE฀D£TACHABLE�฀UNE฀BOITE฀DES฀CISAILLEMENT฀DE฀GRANDE฀TAILLE฀AUSSI฀A฀£T£฀UTILIS£E฀POUR฀MESURER฀LA฀
FORCE฀DE฀CISAILLEMENT฀DgINTERFACE฀ENTRE฀LE฀SOL฀DE฀#$'฀ET฀UNE฀PLAQUE฀DE฀MASTIC฀DE฀CIMENT�฀5N฀NOMBRE฀DE฀TESTS฀EN฀LABORATOIRE฀D£TACHABLES฀
ET฀CISAILLES฀DE฀GRANDE฀TAILLE฀EMBALLENT฀DES฀TESTS฀ONT฀£T£฀EX£CUT£S฀AVEC฀UN฀CIMENT฀A฀MASTIQU£฀LE฀CLOU฀�OU฀LA฀PLAQUE฀DE฀MASTIC฀DE฀CIMENT	฀
DANS฀LE฀SOL฀DE฀#$'�฀,ES฀PRINCIPAUX฀R£SULTATS฀SONT฀PR£SENT£S฀ET฀SONT฀DISCUT£S฀DANS฀LE฀PAPIER�฀,ES฀R£SULTATS฀SONT฀UTILIS£S฀POUR฀EXAMINER
LgINFLUENCE฀DE฀�UN	฀SURCHARGE฀DE฀LA฀PRESSION�฀�LE฀B	฀LE฀DEGR£฀DE฀SOL฀DE฀SATURATION�฀�LE฀C	฀LA฀RUGOSIT£฀DE฀SURFACE฀DE฀CLOU฀DE฀SOL�฀�D	฀LE฀REL½

CHEMENT฀DE฀TENSION฀DANS฀LE฀TROU฀DgEXERCICE�฀ET฀�LgE	฀LA฀DILATATION฀DgINTERFACE฀SUR฀LA฀FORCE฀DE฀CISAILLEMENT฀DgINTERFACE�฀

� ).42/$5#4)/.฀

3OIL฀NAILING฀HAS฀BEEN฀WIDELY฀USED฀FOR฀STABILIZING฀EXISTING฀SLOPES฀
IN฀(ONG฀+ONG�฀ ฀&OR฀ THE฀DESIGN฀OF฀A฀ SOIL฀NAIL฀ SYSTEM�฀PULL
OUT฀
CAPACITY฀OF฀A฀SOIL฀NAIL฀ IS฀AN฀ IMPORTANT฀DESIGN฀PARAMETER�฀&IELD฀
PULL
OUT฀TESTS฀ARE฀NORMALLY฀CARRIED฀OUT฀TO฀VERIFY฀THE฀PULL
OUT฀RE

SISTANCE฀ASSUMED฀AT฀THE฀DESIGN฀STAGE�฀(OWEVER�฀THE฀PULL
OUT฀CA

PACITY฀OF฀A฀ SOIL฀NAIL฀ IN฀ THE฀ FIELD฀ IS฀ INFLUENCED฀BY฀A฀NUMBER฀OF฀
FACTORS�฀SUCH฀AS฀VARIATION฀IN฀THE฀SOIL฀PROPERTIES�฀VARIATION฀IN฀THE฀
INSTALLATION฀ PROCEDURES�฀ TYPES฀ OF฀ SOIL฀ NAIL�฀ AND฀ STRESS฀ LEVELS�฀
4HUS�฀ FIELD฀ TESTING฀ HAS฀ A฀ NUMBER฀ OF฀ LIMITATIONS�฀ 4O฀ OVERCOME฀
THE฀LIMITATIONS�฀TWO฀LABORATORY฀PULL
OUT฀BOXES฀WAS฀DEVELOPED฀TO฀
INVESTIGATE฀ THE฀ INTERFACE฀ SHEAR฀ STRENGTH฀ BEHAVIOUR฀ OF฀ THE฀ SOIL฀
NAILS฀AND฀A฀SURROUNDING฀SOIL�฀)N฀THIS฀STUDY�฀THE฀SOIL฀ IS฀A฀TYPICAL฀
#OMPLETELY฀$ECOMPOSED฀'RANITE฀�#$'	฀SOIL฀TAKEN฀FROM฀A฀SOIL฀
NAIL฀STABILIZED฀SLOPE฀SITE฀IN฀(ONG฀+ONG�฀)N฀ADDITION฀TO฀THE฀PULL

OUT฀BOX฀TESTS�฀ LARGE
SIZE฀DIRECT฀SHEAR฀BOX฀TESTS฀WERE฀PERFORMED฀
TO฀MEASURE฀ THE฀ INTERFACE฀SHEAR฀STRENGTH฀BETWEEN฀ THE฀#$'฀SOIL฀
AND฀A฀CEMENT฀GROUT฀PLATE�฀!฀SERIES฀OF฀ LABORATORY฀PULL
OUT฀ TESTS฀
AND฀LARGE
SIZE฀SHEAR฀BOX฀TESTS฀HAVE฀BEEN฀CARRIED฀OUT฀WITH฀A฀CE

MENT฀GROUTED฀NAIL฀�OR฀CEMENT฀GROUT฀PLATE	฀IN฀THE฀#$'฀SOIL฀�ON฀
THE฀#$'฀SOIL฀ FOR฀ THE฀SHEAR฀BOX฀TESTS	�฀ ฀ ฀4HIS฀PAPER฀ INTRODUCES฀
THE฀ TWO฀ NEW฀ SOIL฀ NAIL฀ PULLOUT฀ BOXES�฀ A฀ LARGE฀ DIRECT฀ SHEAR฀ BOX�฀
AND฀MAJOR฀TEST฀RESULTS�฀฀

� 47/฀3/),฀.!),฀05,,/54฀"/8%3฀

!N฀OLD฀VERSION฀AND฀A฀NEW฀VERSION฀OF฀A฀SOIL฀NAIL฀PULLOUT฀BOX฀n฀
SOIL฀NAIL฀ARE฀SHOWN฀IN฀&IG��฀AND฀&IG���฀WHERE฀A฀LONGITUDINAL฀SEC

TION฀ IS฀ IN฀ TOP฀ AND฀ A฀ CROSS
SECTION฀ IN฀ BOTTOM�฀ ฀ /THERS฀ ARE฀ AS฀
SHOWN฀IN฀THE฀FIGURE�฀฀4HE฀OLD฀VERSION฀IS฀SIMPLE฀AND฀CONVENIENT฀
TO฀USE�฀(OWEVER�฀ IT฀HAS฀THREE฀MAJOR฀PROBLEMS฀n฀�A	฀THE฀STRESSES฀
ON฀THE฀SOIL฀NAIL฀SURFACE฀ARE฀NOT฀VERY฀UNIFORM฀SINCE฀A฀CAVITY฀AT฀THE฀฀
NAIL฀฀฀END฀฀IS฀฀FORMED฀฀AFTER฀฀THE฀฀NAIL฀฀IS฀฀PULLED�฀฀�B	฀฀฀THE฀฀฀฀WATER฀฀

&IG���฀!฀SOIL฀NAIL฀PULLOUT฀BOX฀�OLD฀VERSION	฀�NOT฀TO฀SCALE	฀�AFTER฀
#HU฀AND฀9IN฀����	฀
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SATURATION฀OF฀THE฀SOIL฀IS฀DIFFICULT฀AND฀�C	฀THERE฀IS฀NO฀INSTRUMENTA

TION฀IN฀THE฀SOIL฀AND฀NAIL�฀

&IG���฀!฀SOIL฀NAIL฀PULLOUT฀BOX฀�NEW฀VERSION	฀�NOT฀TO฀SCALE	฀�AFTER฀
3UN฀ET฀AL฀����	฀

4HE฀NEW฀SOIL฀NAIL฀PULLOUT฀BOX฀IN฀&IG��฀OVERCOMES฀THE฀ABOVE฀
THREE฀ LIMITATIONS฀ OF฀ THE฀ OLD฀ VERSION�฀ !N฀ ADDITIONAL฀ CHAMBER฀ IS฀
BUILT฀ TO฀ THE฀END฀OF฀ THE฀BOX฀�SEE฀&IG��฀n฀ TOP	�฀ ฀4HE฀SOIL฀ IS฀COM

PACTED฀IN฀THE฀CHAMBER�฀4HE฀SOIL฀NAIL฀IS฀INSTALLED฀ALL฀THE฀AY฀FROM฀
THE฀RIGHT฀TO฀THE฀LEFT฀INTO฀THE฀CHAMBER฀�SEE฀&IG��฀n฀TOP	�฀฀7HEN฀THE฀
NAIL฀IS฀PULLOUT�฀THE฀STRESSES฀ON฀THE฀SOIL฀NAIL฀INSIDE฀THE฀BOX฀IS฀MORE฀
UNIFORM�฀฀!S฀SHOWN฀IN฀THE฀RIGHT฀IN฀&IG��฀�TOP	�฀A฀SPECIAL฀TRIAXIAL฀
CELL฀ WITH฀ COUPLER฀ INSIDE฀ WAS฀ ATTACHED�฀ 4HE฀ TRIAXIAL฀ CELL฀ CAN฀ BE฀
USED฀TO฀SEAL฀THE฀NAIL฀HEAD฀DURING฀PULLING฀OUT�฀!฀NUMBER฀OF฀PLAS

TIC฀PIPES฀ARE฀CONNECTED฀TO฀THE฀BOTTOM�฀TOP฀AND฀SIDES฀OF฀THE฀BOX�฀
$E
AIRED฀WATER฀IS฀SUPPLIED฀VIA฀THE฀PIPES฀INTO฀THE฀SOIL�฀"ACK฀PRES

SURE฀IS฀ALSO฀APPLIED฀THROUGH฀THE฀PIPES฀AND฀USED฀TO฀SPEED฀UP฀WA

TER฀SATURATION฀OF฀ THE฀SOIL฀ INSIDE฀THE฀BOX�฀ ฀4HIS฀WILL฀ INCREASE฀ THE฀
DEGREE฀OF฀SATURATION฀OF฀THE฀SOIL�฀฀)N฀ADDITION�฀FULL฀INSTRUMENTATION฀
IS฀IMPLEMENTED฀IN฀THE฀NEW฀BOX�฀฀4HIS฀INCLUDES฀�A	฀EARTH฀PRESSURE฀
CELLS�฀�B	฀MINIATURE฀TENSINOMETERS�฀�C	฀POREWATER฀PRESSURE฀TRANS

DUCERS฀ ALL฀ IN฀ THE฀ SOIL�฀ �D	฀ STRAIN฀ GAUGES฀ ON฀ THE฀ RE
BAR�฀ �E	฀
VOLUMEMETER฀FOR฀IN�OUT
FLOW฀OF฀DE
AIRED฀WATER฀IN฀THE฀TOP฀CAP฀RU

BBER฀BAG฀AS฀INDICATION฀OF฀THE฀VERTICAL฀COMPRESSION฀OF฀THE฀SOIL฀IN฀
THE฀BOX�฀�F	฀LOAD฀CELL฀AND฀�G	฀TWO฀,6$4S฀AT฀THE฀SOIL฀NAIL฀HEAD�฀฀฀฀฀฀฀

"OTH฀THE฀OLD฀SOIL฀NAIL฀PULLOUT฀BOX฀AND฀THE฀NEW฀BOX฀HAVE฀BEEN฀
USED฀IN฀THE฀TEST฀PROGRAM�฀฀

� !฀,!2'%฀$)2%#4฀3(%!2฀"/8฀฀

!฀LARGE฀DIRECT฀SHEAR฀BOX฀IS฀SHOWN฀IN฀&IG��฀AND฀USED฀TO฀MEASURE฀
THE฀INTERFACE฀SHEAR฀STRENGTH฀BETWEEN฀A฀COMPACTED฀#$'฀SOIL฀AND฀
CEMENT฀GROUTED฀ON฀THE฀SOIL฀SURFACE�฀4HE฀LOWER฀BOX฀HAS฀INTERNAL฀
SPACE฀ DIMENSIONS฀ OF฀ ���MM฀ WIDE�฀ ���MM฀ LONG฀ AND฀ ���MM฀
HIGH�฀ 4HE฀ UPPER฀ BOX฀ HAS฀ DIMENSIONS฀ OF฀ ���MM฀ WIDE�฀ ���MM฀
LONG฀ AND฀���MM฀HIGH�฀!฀ SPECIAL฀ PROCEDURE฀ WAS฀ USED฀ TO฀GROUT฀
CEMENT฀ SLURRY฀ ON฀ THE฀ #$'฀ SOIL�฀ 4HE฀ #$'฀ SOIL฀ WAS฀ FIRST฀ COM

PACTED฀ IN฀A฀WOODEN฀BOX�฀ ฀!FTER฀ COMPACTION�฀ THE฀CEMENT฀ SLURRY฀
WAS฀PLACED฀ON฀ THE฀#$'฀SOIL฀ IN฀ THE฀BOX�฀!FTER฀ CURING฀OF฀A฀ FEW฀
DAYS�฀ THE฀ CEMENT฀ �TOP	�#$'฀ SOIL฀ �BOTTOM	฀ WAS฀ TURNED฀ ฀ UPSIDE฀

DOWN฀ ฀ LEADING฀ TO฀ IN฀ THE฀ CEMENT฀ �BOTTOM	�#$'฀ SOIL฀ �TOP	฀ AND฀
WAS฀PLACED฀IN฀THE฀DIRECT฀SHEAR฀BOX฀�SEE฀&IG��	�฀

&IG���฀!฀LARGE฀DIRECT฀SHEAR฀BOX฀FOR฀MEASURING฀SOIL
CEMENT฀INTER

FACE฀SHEAR฀STRENGTH฀

$IRECT฀SHEAR฀BOX฀INTERFACE฀SHEAR฀TESTS฀CAN฀OVERCOME฀THE฀SOME฀
LIMITATIONS฀OF฀PULL
OUT฀TESTS�฀�A	฀A฀CONSTANT฀NORMAL฀STRESS฀IS฀MAIN

TAINED฀DURING฀THE฀TEST�฀�B	฀THE฀SHEAR฀FAILURE฀SURFACE฀IS฀CONTROLLED฀
TO฀OCCUR฀ALONG฀THE฀SOIL
CEMENT฀GROUT฀INTERFACE�฀AND฀�C	฀THE฀EFFECT฀
OF฀EACH฀INFLUENCING฀FACTOR฀ON฀THE฀SOIL
CEMENT฀GROUT฀INTERFACE฀CAN฀
BE฀INVESTIGATED฀UNDER฀A฀CONTROLLED฀TESTING฀CONDITION�฀

� 490)#!,฀05,,/54฀4%34฀2%35,43฀฀

4HE฀TYPICAL฀RESULTS฀OF฀PULLOUT฀TESTS฀ON฀A฀#$'฀SOIL฀�NATURAL฀WET	฀
USING฀THE฀OLD฀BOX฀IS฀SHOWN฀IN฀&IG���฀4HE฀#$'฀SOIL฀HAD฀������฀
OF฀GRAVEL�฀������฀OF฀SAND�฀������฀OF฀SILT�฀AND฀������฀OF฀CLAY�฀
4HE฀SPECIFIC฀GRAVITY฀ ฀OF฀ THE฀SOIL฀WAS฀����฀AND฀ THE฀PERMEABILITY฀
OF฀THE฀SOIL฀ ฀WAS฀฀����X��
�฀M�S�฀4HE฀MAXIMUM฀DRY฀DENSITY฀฀OF฀
THE฀ SOIL฀ FROM฀A฀STANDARD฀COMPACTION฀ TEST฀WAS฀����฀-G�M�฀AND฀
THE฀CORRESPONDING฀OPTIMUM฀MOISTURE฀CONTENT฀WAS฀�������฀4HE฀
SHEAR฀STRENGTH฀PARAMETERS฀OF฀ THE฀FULLY฀SATURATED฀#$'฀SOIL฀FROM฀
CONVENTIONAL฀CONSOLIDATED฀UNDRAINED฀�#5	฀TRIAXIAL฀TESTS฀ARE฀C���฀
AND �������O�฀฀฀฀

&IG���฀0ULL
OUT฀TEST฀RESULTS฀OF฀REGULAR฀NAILS฀IN฀NATURAL฀WET฀CONDI

TION฀n฀�A	฀PULL
OUT฀SHEAR฀STRENGTH฀VS�฀DISPLACEMENT฀AND฀�B	฀VERTI

CAL฀DISPLACEMENT฀VS�฀HORIZONTAL฀DISPLACEMENT฀�AFTER฀#HU฀AND฀9IN฀
����	�
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4HE฀hNATURAL฀WETv฀MEANS฀THE฀SOIL฀WITH฀NATURE฀MOISTURE฀CONTENT�฀฀
4HE฀NATURAL฀WET฀SOIL฀HAD฀A฀MOISTURE฀CONTENT฀OF฀���฀AND฀A฀DEGREE฀
OF฀SATURATION฀OF฀���฀ONLY�฀4HE฀SOIL฀WAS฀FIRST฀COMPACTED฀INTO฀THE฀
BOX฀AT฀���฀OF฀THE฀MAXIMUM฀DRY฀DENSITY�฀฀4HE฀SOIL฀NAIL฀WAS฀IN

STALLED฀ IN฀ THE฀DRILL฀HOLE฀ FIRST�฀!FTER฀ THIS�฀A฀VERTICAL฀PRESSURE฀WAS฀
APPLIED�฀฀4HEREFORE�฀NO฀STRESS฀WAS฀RELEASED฀DURING฀THE฀HOLE฀DRILL

ING฀AND฀NAIL฀INSTALLATION�฀4HIS฀WAS฀DIFFERENT฀FROM฀THE฀FIELD฀CASE�฀฀

&ROM฀&IG���฀IT฀IS฀SEEN฀THAT฀�A	฀THE฀CURVES฀OF฀AVERAGE฀PULLOUT฀
STRESS฀ ON฀ THE฀ SOIL฀ NAIL฀ VS฀ PULLOUT฀ DISPLACEMENT฀ SHOW฀ CLEARLY฀
PEAKS�฀�B	฀THE฀HIGHER฀THE฀VERTICAL฀PRESSURE�฀THE฀HIGHER฀THE฀PULLOUT฀
RESISTANCE�฀�C	฀THERE฀IS฀MORE฀DILATION฀AFTER฀SMALLER฀VERTICAL฀STRESS�฀฀฀฀

&IG���฀0ULL
OUT฀TEST฀RESULTS฀OF฀REGULAR฀NAILS฀IN฀THE฀DEGREE฀OF฀SATU

RATION�฀3R�����฀����฀���฀AND฀���฀UNDER฀THE฀NORMAL฀STRESS฀OF฀
���K0A฀ n฀ �A	฀ PULL
OUT฀ SHEAR฀ STRENGTH฀ VS�฀ DISPLACEMENT฀ AND฀ �B	฀
VERTICAL฀DISPLACEMENT฀VS�฀HORIZONTAL฀DISPLACEMENT฀�AFTER฀#HU฀AND฀
9IN฀����	฀

4HE฀ INFLUENCE฀OF฀ THE฀DEGREE฀OF฀ SATURATION฀ 3R ON฀ THE฀PULLOUT฀
SHEAR฀BEHAVIOUR฀CAN฀BE฀ SEEN฀ IN฀&IG���฀ ฀4HE฀VERTICAL฀PRESSURE฀ IS฀
THE฀ SAME฀ OF฀ ���฀ K0A�฀ 4HE฀ ONLY฀ VARIATION฀ IS฀ THE฀ 3R FROM฀ ����฀
����฀���฀TO฀����฀฀)T฀ IS฀SEEN฀FROM฀&IG��฀THAT฀THE฀PEAK฀AND฀THE฀
hRESIDUALv฀SHEAR฀STRENGTHS฀AND฀THE฀DILATION฀ALL฀DECREASE฀AS฀3R฀IN

CREASES�฀฀

&IG��฀ SHOWS฀ THE฀ VARIATION฀ OF฀ THE฀ VERTICAL฀ TOTAL฀ �EARTH	฀ PRES

SURE฀FROM฀SIX฀EARTH฀PRESSURE฀ TRANSDUCERS฀BURIED฀IN฀THE฀SOIL฀WITH฀
TIME฀DURING฀�A	฀HOLE฀DRILLING฀AND฀�B	฀SOIL฀NAIL฀PULLING฀OUT�฀ ฀ )T฀ IS฀
NOTED฀THAT฀THE฀#$'฀SOIL฀IN฀&IG��฀IS฀DIFFERENT�฀4HE฀#$'฀SOIL฀WAS฀
FIRST฀COMPACTED฀IN฀THE฀BOX฀AT฀���฀OF฀THE฀MAXIMUM฀DRY฀DENSITY฀
WITH฀AN฀INITIAL฀DEGREE฀OF฀SATURATION฀OF฀����฀฀!฀VERTICAL฀PRESSURE฀
OF฀���K0A฀WAS฀APPLIED฀ON฀THE฀SOIL฀SURFACE�฀ ฀!฀HOLE฀WAS฀DRILLED฀
HORIZONTALLY฀WHILE฀THE฀VERTICAL฀PRESSURE฀WAS฀KEPT�฀4HE฀HOLE฀DRILL

ING฀TOTALLY฀RELEASED฀THE฀STRESS฀IN฀THE฀HOLE�฀CAUSING฀A฀DEGREASE฀OF฀
THE฀VERTICAL฀STRESS฀AS฀SHOWN฀IN฀&IG��฀�TOP	�฀฀4HE฀SUDDEN฀INCREASE฀
OF฀ THE฀EARTH฀PRESSURE฀AT฀ TIME฀��฀ TO฀��฀MINS฀WAS฀ CAUSED฀BY฀ THE฀
DRILLING฀BIT฀HEATING฀AND฀PRESSURIZATION฀AT฀THE฀DRILL฀BIT฀LOCATION�฀฀

$URING฀ SOIL฀ NAIL฀ PULLOUT�฀ THE฀ EARTH฀ PRESSURE฀ INCREASED฀ TO฀ A฀
PEAK฀AND฀THEN฀DECREASED฀TO฀A฀SMALL฀VALUE฀AS฀SHOWN฀IN฀&IG��฀�BOT

TOM	�฀ ฀ 4HE฀ INCREASE฀ OF฀ THE฀ EARTH฀ PRESSURE฀ IS฀ BELIEVED฀ CASED฀ BY฀
THE฀SHEAR฀DILATION฀AT฀ THE฀ INTERFACE฀BETWEEN฀ THE฀SOIL฀NAIL฀CEMENT฀
SURFACE฀AND฀ THE฀SURROUNDING฀#$'฀SOIL�฀ ฀ ฀!S฀MENTIONED฀BEFORE�฀
THE฀NEW฀ PULLOUT฀ BOX฀ HAD฀A฀NUMBER฀ OF฀ ADVANTAGES฀OVER฀ THE฀ OLD฀
PULLOUT฀BOX�฀฀฀

฀฀฀฀฀฀

&IG���฀4HE฀VERTICAL฀EARTH฀PRESSURE฀CHANGES฀WITH฀TIME฀n฀�A	฀DURING฀
HOLE฀DRILLING฀�TOP	฀AND฀�B	฀DURING฀SOIL฀NAIL฀PULLOUT฀�BOTTOM	฀USING฀
THE฀NEW฀PULLOUT฀BOX฀

� 490)#!,฀3(%!2฀"/8฀4%34฀2%35,43฀

3HEAR฀BOX฀ TESTS฀HAVE฀ADVANTAGES฀OVER฀PULLOUT฀ TESTS�฀ ฀!฀NUMBER฀
OF฀SHEAR฀BOX฀TESTS฀HAVE฀BEEN฀CARRIED฀OUT฀TO฀INVESTIGATE฀THE฀INTER

FACE฀SHEAR฀STRENGTH฀BEHAVIOUR฀OF฀SOIL
CEMENT฀GROUTED฀SAMPLES฀IN฀
DIFFERENT฀CONTROLLED฀CONDITIONS฀BY฀CARRYING฀OUT฀ LARGE
SIZE฀DIRECT฀
SHEAR฀TESTS�฀4HE฀SOIL฀USED฀IN฀THE฀TESTS฀WAS฀THE฀SAME฀#OMPLETELY฀
$ECOMPOSED฀'RANITE฀�#$'	฀SOIL฀USED฀IN฀ THE฀PULLOUT฀ TESTS�฀4HE฀
INTERFACE฀SHEAR฀SAMPLES฀AND฀THEIR฀PREPARATION฀WERE฀A฀SIMULATION฀
OF฀PROCEDURES฀OF฀A฀GROUTED฀NAIL฀INSTALLATION฀IN฀A฀SOIL฀SLOPE�฀&OUR฀
DIFFERENT฀ DEGREES฀ OF฀ INTERFACE฀ SURFACE฀ hWAVINESSv฀ WERE฀ CREATED฀
TO฀ SIMULATE฀ THE฀ SURFACE฀ PROFILE฀OF฀ THE฀ DRILL฀ HOLE�฀4HE฀ FOLLOWING฀
INFLUENCES฀ON฀THE฀INTERFACE฀SHEAR฀STRENGTH฀ARE฀INVESTIGATED฀฀USING฀฀
THE฀฀INTERFACE฀฀SHEAR฀฀TESTS�฀�A	฀ INFLUENCE฀ OF฀ DIFFERENT฀ APPLIED฀
STRESS฀LEVELS฀OF฀���฀����฀AND฀���K0A�฀�B	฀INFLUENCE฀OF฀SOIL฀MOIS

TURE฀ CONTENTS฀ �NATURAL฀ WET฀ AND฀ WATER฀ SUBMERGED	฀ ON฀ INTERFACE฀
SHEAR฀STRENGTH�฀AND฀�C	฀ INFLUENCE฀OF฀SURFACE฀PROFILE฀OF฀A฀CEMENT฀
GROUT฀MATERIAL฀WITH฀DIFFERENT฀SURFACE฀WAVINESS฀ANGLES฀OF฀��฀��O�
��O฀AND฀��O�฀฀4YPICAL฀TEST฀RESULTS฀AND฀FAILURE฀OF฀THE฀INTERFACE฀ARE฀
SHOWN฀IN฀&IG���฀&IG��฀AND฀&IG���฀

&IG��฀ SHOWS฀ �A	฀ INTERFACE฀ SHEAR฀ STRESS฀ VS�฀ HORIZONTAL฀ DIS

PLACEMENT฀ AND฀ �B	฀ VERTICAL฀ DISPLACEMENT฀ VS�฀ HORIZONTAL฀ DIS

PLACEMENT฀FOR฀SOIL
CEMENT฀GROUT฀INTERFACE฀SHEAR฀TESTS฀WITH฀INTER

FACE฀ WAVINESS฀ ANGLE฀ ��O฀ IN฀ THE฀ NATURAL฀ WET฀ CONDITION฀ UNDER฀
VERTICAL฀ PRESSURE฀ OF฀ ��฀ K0A�฀ ���฀ K0A฀ AND฀ ���฀ K0A�฀ ฀ )T฀ IS฀ SEEN฀
FROM฀ THE฀ FIGURE฀ THAT฀ THE฀ SHEAR฀ RESISTANCE฀ INCREASES฀ AND฀DILATION฀
DECREASES฀ AS฀ PRESSURE฀ INCREASES�฀ (OWEVER฀ THE฀ PEAK฀ IS฀ MUCH฀
SMALLER฀THAN฀THAT฀OBSERVED฀IN฀SOIL฀NAIL฀PULLOUT฀TESTS�฀

&IG��฀SHOWS฀A฀TYPICAL฀SHEAR฀SURFACE฀OF฀THE฀SOIL
CEMENT฀GROUT฀
INTERFACE฀SHEAR฀TESTS฀UNDER฀A฀LOWER฀APPLIED฀NORMAL฀STRESS฀��K0A฀
IN฀ THE฀NATURAL฀WET฀CONDITION฀AFTER฀ TEST�฀ )T฀ IS฀SEEN฀THE฀FAILURE฀OC

CURS฀ MOSTLY฀ ALONG฀ THE฀ WAVINESS฀ SHAPE฀AT฀ THE฀ CEMENT�SOIL฀ INTER

FACE�฀ (OWEVER�฀ UNDER฀ HIGHER฀ NORMAL฀ PRESSURE฀ OF฀ ���฀ K0A�฀ THE฀
FAILURE฀PLANE฀WAS฀ALMOST฀INSIDE฀OF฀THE฀SOIL฀AS฀SHOWN฀IN฀&IG���฀฀
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(b)

Relationship between eath pressure and time during drilling and grouting
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Relationship between eath pressure and time during pulling out

�

���

���

���

���

���

���

���

���

���

� ��� ��� ��� ��� ��� ��� ���
TIME฀�MIN	

0
RE

SS
UR

E฀
�K

0
A

0
#ELL฀� 0
#ELL฀� 0
#ELL฀�

0
#ELL฀� 0
#ELL฀� 0
#ELL฀�

� �

��

� �

2619



&IG���฀3OIL
CEMENT฀GROUT฀INTERFACE฀SHEAR฀TEST฀RESULTS฀OF฀AN฀INTER

FACE฀WAVINESS฀ANGLE฀��O฀IN฀THE฀NATURAL฀WET฀CONDITION฀n฀�A	฀INTER

FACE฀ SHEAR฀ STRESS฀ VS�฀ HORIZONTAL฀ DISPLACEMENT฀ AND฀ �B	฀ VERTICAL฀
DISPLACEMENT฀ VS�฀ HORIZONTAL฀ DISPLACEMENT฀ �AFTER฀ #HU฀ AND฀ 9IN฀
����	

&IG���฀ 4YPICAL฀ SHEAR฀ SURFACE฀ OF฀ THE฀ SOIL
CEMENT฀ GROUT฀ INTERFACE฀
SHEAR฀ TESTS฀ UNDER฀ A฀ LOWER฀ APPLIED฀ NORMAL฀ STRESS฀ ��K0A฀ IN฀ THE฀
NATURAL฀ WET฀ CONDITION฀ n฀ �A	฀ CEMENT฀ GROUT฀ FAILURE฀ SURFACE฀ �TOP	�฀
AND฀�B	฀SOIL฀FAILURE฀SURFACE฀�BOTTOM	฀�AFTER฀#HU฀AND฀9IN฀����	฀

&IG���฀ 4YPICAL฀ SHEAR฀ SURFACE฀ OF฀ THE฀ SOIL
CEMENT฀ GROUT฀ INTERFACE฀
SHEAR฀ TESTS฀UNDER฀A฀HIGHER฀APPLIED฀NORMAL฀ STRESS฀���K0A฀ IN฀ THE฀
NATURAL฀ WET฀ CONDITION฀ n฀ �A	฀ CEMENT฀ GROUT฀ FAILURE฀ SURFACE฀ �TOP	�฀
AND฀�B	฀SOIL฀FAILURE฀SURFACE฀�BOTTOM	฀�AFTER฀#HU฀AND฀9IN฀����	฀

� 35--!29

4WO฀SOIL฀NAIL฀PULLOUT฀BOXES฀AND฀ONE฀LARGE
SIZE฀DIRECT฀SHEAR฀BOX฀
ARE฀ BRIEFLY฀ DESCRIED�฀ ฀ 4HE฀ ADVANTAGES฀ AND฀ LIMITATIONS฀ OF฀ THESE฀
BOXES฀ AND฀ CORRESPONDING฀ TESTS฀ ARE฀ POINTED�฀ ฀4YPICAL฀ TEST฀ RESULT฀
ARE฀ PRESENTED฀ AND฀ BRIEFLY฀ DISCUSSED�฀ 4HE฀ STUDY฀ USING฀ THESE฀
APPARATUSES฀ IS฀ STILL฀ IN฀ PROGRESS�฀ ฀ -ORE฀ RESULTS฀ WILL฀ BE฀ REPORTED฀
AND฀PUBLISHED�฀฀฀

!#+./7,%$'%-%.4฀

&INANCIAL฀SUPPORTS฀FROM฀4HE฀(ONG฀+ONG฀0OLYTECHNIC฀5NIVERSITY฀
AND฀THE฀5NIVERSITY฀'RANTS฀#OMMITTEE฀�5'#	฀OF฀THE฀(ONG฀+ONG฀
3!2฀'OVERNMENT฀OF฀#HINA฀ARE฀GRATEFULLY฀ACKNOWLEDGED�฀

2%&%2%.#%3฀

#HU�฀ ,�-�฀ AND฀ 9IN�฀ *�(�฀ �����	�฀ ,ABORATORY฀ 0ULL
OUT฀ 4ESTING฀
3TUDY฀ OF฀ 3OIL฀ .AILS฀ IN฀ A฀ #OMPLETELY฀ $ECOMPOSED฀ 'RANITE฀
3OIL�฀฀!34-฀'EOTECHNICAL฀4ESTING฀*OURNAL฀�UNDER฀REVIEW	�฀

#HU�฀ ,�-�฀ AND฀ 9IN�฀ *�(�฀ �����	�฀ 3TUDY฀ ON฀ 3OIL
#EMENT฀ 'ROUT฀
)NTERFACE฀ 3HEAR฀ 3TRENGTH฀ OF฀ 3OIL฀ .AILING฀ BY฀ $IRECT฀ 3HEAR฀
"OX฀4ESTING฀-ETHOD�฀ ฀#ANADIAN฀'EOTECHNICAL฀ *OURNAL฀ �UN

DER฀REVIEW	�฀

3U�฀,
*�฀*(�฀9IN฀AND฀,-฀#HU฀�����	�฀,ABORATORY฀0ULLOUT฀4EST

ING฀ ON฀ 3OIL฀ .AILS�฀ ฀ )N฀ PROCEEDINGS฀ OF฀ ฀ THE฀ ��TH฀ )!#-!'฀
CONFERENCE�฀HELD฀IN฀4ORINO�฀)TALY฀ON฀��
��฀*UNE฀�����฀฀฀
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