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文献检索报告
根据委托人提供的论文清单，经河海大学图书馆检索，查找顾克

的论文被SCIE收录的情况， 详细收录情况见附件。

检索工具：SCIE (SCI-EXPANDED 1900－至今）

检索类别：收录

检索时限：2020--2021

检索结果：收录1篇， 第一作者论文1篇。

注：

1检索结果已获得委托人的认可。

2报告中所陈述的内容均以当时检索到的客观文献为依据，涂改无效， 本报告遗失不补。由

千报告遗失产生的后果自负！
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一、sCIE检索结果
第 1条 ,共 1条                     、

文献标题 :Experimentd smd,J ofthe Bulge Defom耐 on ofAnti-seepage G∞membranes over

Non-Fine Concrete

作者:Gu,逶shu,YNl山吨 X兄Mao,W廴Zhang,Z
文献类型从血c忆

出版物名称:KsCE JOLlRNAL OF CIVIL ENGNEERING 出版年:sEP⒛⒛ 卷:γ 期 :9
页数:25919598 Do⒒ 10.100γ s12205-020-173⒎z
Web of science核 心刊的阝被引频次

”:0

被引频次合计 :0

入菠号:Wo⒏000s⒆TO“0O003

作者地±n:[Gu,Ke]Hoh碰 Univ,Coll CMl&Transpo⒒ at Engn,N别 ing210098,Peoples R CⅡ na.

[Liu,XiⅨin]Hoh械 Univ,C011Water&Hydropower Engn,N侧 ing210098,Peop1es R China。

lshu,Yiming;Mao,Wenlong;Zhang,Zhenl NanGhang h吼 sGi&TeGhnol,Coll Htlman Hab⒒ at

&Envirorlm,Nanchang330108,Jiangxi,Peoples R China.

通讯作者地址 :Gu,K ooⅡ0sponding authoo,Hoh缸 Un卜,Coll CMl&Transpo⒒at Engn,
N泛硒 ing210098,Peoples R China,

电子邮件地址:guke1”4@hotm耐。∞m
语T+:Eng“ h

Web ofsc抬Ⅱce:楚另刂:Eq刂neeⅡng,CivⅡ

学科类别:Engineering

基金资助机构和授权号:

基金资助正文:

作者全名:Gu,K⒐ shu,Ⅵming山h,XiⅨ in;Mao,Wenlon⒏⒉ ang,
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This study investigates the bulge deformation mechanics of geomembranes that are interact ng

v̌ith non-nne c。 ncrete cushions V̌e conduded3D scanning of non-6ne concrete specirnens

and further ana|yzed the depth-to-vs/idth ratios for non-fine concrete specirnen surraces Then`

stress distribution charaderistics betkveen the geomembrane and the non-fine concrete

contact surface under diverse norma丨  pressures 、
'￠

ere measured using a thin-fi|rn pressure

transducen It Ⅵ/as obsen/ed thatthe contad surlace bet、 veen the geomembrane and the non-

nne c。 ncrete expanded v̌hen the norma| pressure increased` and the stress gro、 vth rate

decreased as the area ofthe high-stress regions increased Combining the re丨 ationship that Ⅵ/as

formed by the sags of the non-而 ne concrete surface so" 、
'￠

ith the stress distribution on the

contalˉt su亻ace`the maximum bu丨 ge depth and tlle highest哎rain were determined fo||owing

the formauon 。f geomembrane bu|ge under various norma丨  pressures Moreover, u丨 trahigh

strain`but not fracture`deve丨 oped on the geomembrane during the experiment,Based on air

bu丨 king tests`t was demonstrated thatthe geomembrane had enormousˇ high yie|d stren⒏ h`

which p丨 a泠 a cr"ica ro|e in the imprON,emellt of both the s拼etv and the re|iabi"〃 of

geomembranesthat are mounted on non~fine concrete cushions
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This study investigates the bu丨 ge deformation mechanics of geomembranes that are interacting

vilith non-fine concrete cushions V̌e conducted3D scanning of non-fine concrete specirnens

and further ana|yzed the depth-tO width ratios for non~6ne concrete specirnen surfaces,Then`

stress distribution charalteristics bet、
^/een the geomembrane and the non-nne c。

ncrete

contact surface under dive‘ e norma丨  pressures were measured using a thin亻
"m pressuretransducer It、 vas obsen/ed thatthe contad su亻 ace bebs/een the geomembrane and the nOn-

fine concrete expanded \`￠ hen the norma丨  pressure increased` and the stress gro、 ^/th rate
decreased asthe area ofthe high-stress regionsincreased Combiningthe re丨 ationship that vvas

formed by the sags of the non-fine concrete su亻 ace so"、vith the哎 ress distribution on the

contad su亻 ace`the maxirnum bu|ge depth and the highest strain、 Ⅳere determined fo"owing

the formation of geomembrane bu|ge under various norma| pressures MOreove。  u丨 trahigh

strain`but not fradure`deve|oped on the geomembrane du"ng the experiment Based on air

bu|king tests`扯 was demonst⒓ ted thatthe geomembrane had enormoudy high yie丨 d哎rength`

which p|a阝 a cr泌 ica丨 ro丨 e in the improvement of both the sa伦γ and the re丨 iabi"〃 of

geomembranesthat are rnounted on non~fine concrete cushions
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瑁。 瑟廑̂ltrodtˇ滏1(∶1t∶on

Geomcmbranes are antiˉ seepagc materials that can bc insta1led,

rcp缸 rcd, and replaced in a simp1c and convenicnt mamer;

matcria1s of仇 is type have high impcrmeabi1it≯ high mass

咖iform” of materials,hgh defom甜 on adaptive capabi1i饥
andhgheⅣⅡ吣 ental adaptl△ e abilitⅠ 1̌Th叩 are beulg血 reasmgˇ

uuhzed in water conseⅣ ation pr臼 ect.Ⅵ%it丘 eld(199Θ,Thomas
alld Koemer(19c,s),s岬 0and、咏che臼吐(⒛θ8)alld Potll缸 nd
龃 @θ 11)havc∞“Cd oLlt a lot of anti-Ⅱ cpagc gcOmembranes
research and e哎abⅡ shcd somc guidelines for geomembranc anti-

sccpagc systell1.Intem扯 lonal CommissIOn on Large Da111ζ s

0θ 10)repo⒒ has dhoun ul乱 hgh gcOmelllbranc-faccd rockml

da111s usc gcOmembrancs as tllor m缸n”pe of anti-secp鸭 c
st△lCWe FuHheΠnore,anj-seepagc geomcmbra11es and cushons

are stIbs姗 1tⅢ parts of仇em苟 or seepagc prcv∝血on smIcttlre
da乱 o tlsed for hgh geomelmbrane-faced roc” <】1ll山m.Dl&添on
and Brachnan(2θ08),Gmilla and Bra山血an(⒛⒃)h胛e

stLldied the c1日 y cushions for LandflⅡ s。 Howcve△ the cushions

that arc requked Rr the geotcGllnical lllembrallcs in high dam

pr句 ects dlJcr from those of oJler pr旬 ccts For h瑭h dallls,伍c

cushions rcquirc suflcicllt strengu1for resisting u/ater prcsstlre

and a largc pene“龃【,n coeⅢ cientto rcdt】 cethe w荻er u“忱伍c,n

ur。t1gll ule gcomel11branc,as仇 c xlatcr硫 ll subs切血眦y rcducC the

coefIcicnt of mcti。 n bebveen 伍e geomembrane and 伍e
cushions,Minis” ofule ErⅣ ironlllellt(199勒 pointcd outth乱 in

a secpage prevention s恤c咖c, the geomembrane is momted

above a cushion and a drainage Iayer that is foⅡ ned by granular

matcrhls,Nhg ct a1.⑿ 01⑧ shows The cLlshions that are

common1|/used in hi遁 :h gCOmembralleˉ faced rod丘 1l dains

primar1ˇ hc1ude non-flne concrete alld cmshed concrcte-″ pe

sidc、vaⅡs. The aggregatcs of granular cushions 、vlth rough or

even concaVe¨ convex stlrfaces arc exposed due to、 vate9/cemcnt

grout on山 eir sLlrfaces.In addition to being btlrst or pmctLlred,

such a geomcmbranc may be squcczed into a sag of non-壬inc

concrete whcn su旬 CctCd to h瑭 h lVdraLlⅡ c presst1re,thcreby

C0展默狂哪⑩ND狂 NC琵 Ke Gu泛图 guke1224@hotllaⅡ ∞mE=Co怆阱 of Civi|and Tra asponat° n En日 neeHng`Hohai Unˇ erb%NanJng210098`China

◎ ⒛⒛ Ko田an soo唧 of CMl En日 liee阝

邋踽婴 磁、sprLnger
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resu1ting in bulgc dalllagc Hencc,it o e曲 eme灯 血 porta⒒ to

invesjgatc仇 e btllge dcfoⅡnation ofthe upper gcOmembranc of

J△e non-flne concrete cushion in a geomcmbrancˉ 杨ced rock壬 11l

山m,h terllls of btlrstlng stu山 es,G沉ha and Brachnan C00Φ

covered a hlgh-dells灯 pol,z∈爿吐1。/lene(HDPEl geomembrane witll
a maxilnun1thickness of1,5mlll、 vith Coarse grave1s undcr

3,000 kPa, Thelr experimen仅Ⅱ resu⒒ s demonstralcd tha比 the

geomembrane could be punctLred undcr this ex饣 eme condltion

Brachllan alld sabk(201⑵ placed tl△ e εJavd behveen the

geomembralle and】 he clE、 y cushon undemeaul⒒ ,护dul。ugh the

gcOmembrane was not puncttlred,potentia1punc“ △e poillts were

discovcred dLlring an expcrlment tllat was invcstigating 仇e

contact apex bc11,、 、氵〗、
`′

eCn the gravel and the gcOmelllbranc,Koerllcr

et斑 (199‘ ),Na“苟o⒍ d· (1996),Ⅵ ko11ˉ F时Ⅱ11y哎 龃,(1996),and

⒏打k et al 侈008)snldiCd geomcmbranc pullcttres using3

thco巾σical expcrlnlelltal exalllp1cs Three250ˉ lllm-spaced ol△ caωd

concs 、Verc placcd in a pressLlre vcssel for standard tests to

钾龃吮饴ule um血rC re蚯虬肛⒑c ofule gc。melnbralle,Thc pun洫 c

test results dcIlaons廿a℃d ulat the geomcllabrane汕lb屺d ptlnctlre

resis杨ncc in extreme clearlng condltions Bulge defoⅡ nation

anaˇsis of geomcmbrancs difcrs from puncttrc tes位 ng.The

basis for btlge research is a biεⅨial tension tcst for matcrials。 A
material liquid expansion test is uti1ized for bulgc cxploration,

Ren et al。 (2θθl)d钾elopcd and uscd mechanical bdirectional

tensilc o巾 crimenta1equlpmel△ tto stLlψ traditional mε Iterials and

exp1ain the results oftllelr expcrirnent using the anisotropic forlll

of Ho酞 ds la、 v1Br。y alld Mc呷 (19t’【’)u℃d tlle叩hcrical

Co11tlllLll灯 灬四othesk,deduccd tlle s“ cs⒌虻r缸n αr屺 ofthe gas

e闪ρal△sion tcst;thC resu1ts demonstratcd伍 at tlle meastlred elast⒗

moduhs ulldcr a smd1str缸 n was lcss伍 an ulc J.e。 rctical valuc.

Alldr句 ack atld Ⅵ钮恤1an@Clu⑶ c。llducted a large-∞ ale g“

cxpal△ sion test; uley plaGed gcOmembranes under geo℃x伍les,

whch acted as pre$tlrc carricrs,to stuψ 仇e fmwe pr。 ccss of

u欲lal tel.sion.ognedd ct a1,Oθ 1勾 en△ployed mcchallical

blaxial tcnslon to s111】 ψ tllC mechanlcal propc血 ∝ofIIDPE and

pd,γi呷1clllorlde(PVC)geomembralles.The△ cxperiment

uⅡ慨 d a hypercl凼伍c△汪scopks位c collsumiVe m。 dc1ulat s龃 s丘ed

the Ragh胛ayddcr⒒ericln,】ang⒍ d。 C013)and Ⅱang alld shu

C01⑼ used tlle elltropy princole to dCrlve the relatonship

bebⅣ een pebble particle sizc and touch Jiang and Tian(2018)

u⒃d image recogn“ ioll to measWe s弦 es and depths in醛 anular

cushions and use flnite e1ements to calculate the defoⅡnation of

the geomembrane, since ntImerous pores of Vaoous sizes and

depths are prcsellt in grallu1ar cushion materials,tlle granular

cushion bulge cond⒒ions difer across1he imperxlous stRlCme

stlrfacc.Tlle bulge defoⅡ nation conduons difer alnong⒏ anular∶

cLlshions;even、 v⒒hh tlle salne cushion,the bulgc deforlnation

depcnds on the position,It is necessaγ  to understand thc effects

茳 v舶o“ dcpres蛀 cln虫 ots ol△ ule爹。lncmbranc The expcⅡ mel△t缸

辐繁》嚣恿。
·
I, Non-Fine Concrete Composition

stcps tbat were conductcd are sumn1anzcd as fo11o、 vs∶ Firsξ 3D

scanning、vas perfDⅡ ncd on thc nonˉ 丘ne concretc to dcteⅡnine

the sag condiuons 。n its s1Ir%ce and to analyzc t1】 c depth-to-

、vidth ratios ofthc stlrfacc.second,at11inˉ flh△l pressLlre transduccr

was uuⅡzed to mcasure伍e strcss distribution on thc colltact

stlrface bct、vcen thc non-flnc concrcte and u△c ge。membrane

mder ule innuencc of Ⅴarious amoⅢ 1ts of” drat11⒗ pre$tlre。

Ultimatc蜕 the stres⒌ straln relatonshΦ  a】tCr thc btllgc had

forlned was deterllained for Ⅴarlous lWdrau11c presstlre condltons

by combining thc sag dis饣 ibu伍on on tlle spcci1ncn surΩ ⒑e and

the s“ess distribution on the contact sur白 ce

瑷。鳢ΥP酽θpe瞒啻瞠s Qf鳎Q晒 晒̈躅eC¤ nc罗 ete Cus豳 ions

Due to thc uncedainties of non-finc concrete ag￡ ,rcgate sotlrccs

h伍c practica1cnginecring of cmshed stone鸭 ⒏Cgate(basalt in

h伍ol曜ω,aggregatc伍
rdt was the le孙 t benc丘cialin tems ofthe

gcOmembrane cOlltact mfe″ condltlons was scle⒍ ed in伍 is

stLldy Thc partidc diametcr ofthc non-fine concretc aggrcgate

Jlat、 vas uscd as(he test block rangcd佥 on15-10mm。 b/Ioreovcr,

ule aggrcgate was meastlrcd by referrlng to 伍c JGJ52ˉ 2006

⑿θθ6),The gravel伍 at was uscd in tlle cxperimcilt o showη  in

【F宙g‘ 1。 Thc corresponding rcsults are prcsentcd in T盔 b1e1,This

stLldy uses4salnplcs。

The non-丘ne concretc compositions that are common1y uscd

in high dam pr旬 ects are prescnted lll TabIe2.Thc concrcte

pouring and maintenancc proccss follo、 vs GB 50164ˉ2011

CO⒒ ).Co“dering tlle precisc reqtlremm‘ ofthe i1VenioLLs

geonlelmb1·anc st△lcture,、Vater that has accLllllulated undemeath

T欲 llle甾 。Mate"创 %lameters of tlle Coarse Aggregate

Porosity    speGinc swfa。 e arca  shape factor

Aggrcgate   43539‘        27449              177

『i簧虽·1·  Non-Fine Concrete Aggregate

Ccmellt sand Crushed stonc   sand ooarsc aggegate ratio  Watcrˉ cement ratio   Accclerator

No⒈丘nc ooncrete 378ks狐
3  0k』

怂
3 1,536kg n13 09钅 0299 006

Porosio
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碾曼》l晗 3, N0ain Propelties ofthe NOn-Fine Concrete Cushion

Comprcssive strcngth   Bending strengh Pcrmeab⒒⒒y coefloelat Angle of static iiction   Initial cohesivc forcc

NOnˉ fInc concrctc 12,3MPa 33NIPa lcm泌 32° 1 786kPa

thc gcOmcmbrane should bc rapidIy discharged Ilom the cushion

to m缸 lltain伍e stabilio of tll0哎 mctLre.Thercfore,the sand-

coarse aggregate碰ow灬 0and伍 c water-cement ratio was set
to a low value in伍 is stL】d,J to substantialˇ improve the
perlncabi1i汐 cocflciellt of thc non-nne c。 ncretc The cast tcst

block undervvent30s ofmecha旺 icaljoltralnming.The meastlred

porosi″ of伍e spccimen w嚣 20%
ThC m苟 or properties of伍 c non-丘ne concrctc tcst bIock arc

⒒stcd in Ta昏 lc 3 Meastlres 伍at 、vere taken to chhance thc

pσm∞hli″ coCflcicllt of山e non-丘 ne concrete also resLlltcd in
substantial dedines in thc compre“ hc and bendlng strcllguls,

3。 馕惫§蛐眦豳露Ⅲ:葚潞啻蕊G搔唧瞠醣慧盈n涠 搀鼍鬯惫弘蔺二吝胡仑§

Bu1ge defo∏ nation on the sw佗 cc ofnon-flne concrctc test bIocks

愆 close炒 rclatCd to ule、诋 aul记
1氵
门resstlre,tllc gcOmelllbranc

伍⒗妯n明s,ule sag山mcnsons Θepth alld wldth),the ds饣 lbtltlon
of thc test block, and thc stress distribution on 仇e contact
swfacc h this stLl旧b乙 data that werc obtained佥om a3D range
scanner and a thinˉ flhn pressurc transducer were uscd to conduct

an in-dep伍 analysis ofthese免dors

3.飞  3LD Range scallner

hec-d血 cnsional scammg1mages of伍 c spcc△ llell arc prcsellted

in Fig 2.The vertical rncastlrement accuracy and the horizOntal

meastlrclment mteR,al ofthe3I)scanncr、ve“3001111m and0,03111111,

rcspectively The nonˉ 丘nc concrete test block had an arca of200

nⅡu× 200mm Fig,3prescnts the dis“ bution ofthe sags on thc

specirncn sLIrface.In uis丘gtlre,regions εre colored according to

dcpth。 Thc un⒒ ofmeasLlrc in this flgure,is rnⅡ hmeters,

3.2Thin-『∶|m Pressllre Tlallsducer

A thin-fllrn pres⒏re transducer is a novel plane stress mcastIring

dcv允e,Stress that is distrbLlted on the contac· t stlrfaCc can bc

dlKctly mcaswcd by a thinˉ fllm pressLlre transducer伍 at has

『ig,a。 specimen sags

(a)                           (b)

Fi8。 2· Three-匚 )imensiona|(3D)scanning∶ (a)specilη ens`(b)scanning    F;g。

礴,ProCess

tension$that te near1y idcn刂 calln all dfe吱 i◇ns

Liquid soft$i1ico⒑ cktshion

silicon protcOtIVe Iaycr

1oadi血 g plate

gCo姆0mbr急众e

也in扭 Im pressure扌 狃灬du◆er

nonˉ i扭e ConCrctc oushio扭

Thin-F"lη  Pressure Transducer

、Vatt°巾roofbag FvLlI ofIiquid sof廴 si1i◇ on

F∶g,5。  The Arrangementfor the Contact Sulface stress Measurement
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bccn placed bch△reen tlle geomembrane and tl△ e non-flnc

concrete,As showη  in Fig。 4,the sensillg zOne ofthc饣 ansduccr

、vas255mm long and210mrn、 vidc;its sensing accwacy、vas

950/。。

The arrangemellt for仇 e contact stlrface stress meastlrement is

presentcd in Fig,5.The盯 angement included a loading plate,an

hquid soft sⅡ iGOn cushion,a sⅡiGOn protcctive layer.a2-lllm-

thlck geomcmbrane,ad1inˉfllm presstIrc transduce△ and a non-

flne concrctc Cushion The1iquid soR silicon is stLlfed in a rcd

、Vaterproof bag The f1u△ ctlon of the liquid soft si1icon cushion

was to Convclrt the vertlcal presstlre tllat was exerted by{he rigid

loading platc to tenslons伍乱 are nearl,,idelltical in all d△ cctions,

The gcOmcmbrane tlalckness in l盯 gc-sca1e dam engineering

is often Ιuore1han2mm.The1hickcr the geomembranc,伍 e

more adaptcd it o to btllge defomatlon.This st△ l曲 bcused on a

d1ickness of2Inm。

The tcst temperat△rc alld hLunid⒒y wcrc colltrolled to20土

2°C and50± 2%,rcspcGtiveIy.After thc tcst began and beforc

ule浼伍were∞ 11ccted from伍 e trεmduce△ tlle tesung equ虹Ⅻ Cllt

was held哎 eⅨ圩 so伍at伍c strcss dis“bLlton on thc contact

sLlrface、 vas constant.

礓。擗扌¤鼬菝鼬啻鼬岬 D泅鍪萨啻鼬翮瑟肓酗瞒碾 贩o搬罐啻隅eC¤ mc酽e捻

§摄鬻§

4‘ 1 Probab饿 iL,/DistFibtl顶 orl Func志汜n《Df the∧ bso|u廴e

Dep舡h

As demonstrated by thc3D scarmi1鸡 data of tlle noll-fllle

concrctc test block,the maxi1ntIln stlrfacc deptll ofthe test block

was10mm,In addhon,the m欲 imtll△l sag depth of伍 e test

block was foLud to be ident⒗ alto thc maximum particlc sizc of

tlle aggrcgatc;the ex11fcmc sag dcpth ofthc foⅡ ner depends on

tlle l盯gcst particle sizc of tllc 1atter, Thc proportions of the

山versc sag depu1arc lis抬dh【ob⒗ 4,

02468

sag Depth

『|8· 6· sag Depth and Probabili〃 Densi〃 FuncUon

Ia鼯霭e4‘  Proportions for Various sag Depths

濠k肉懿》l芪冫5‘ Palameters of Eq (1)

Paramcter

VaIuc 01878 1 1747 15652

凡 e average sag dcpth ofthe non-flne GOncretc、 Vas2,48mrn

and89o/。 of⒒s area had a sag dcpth(51nm.The sag depul。 ftlle

non-flne concretc confoHmcd to thc GEV distribution For the

probabi1i△ densi△ nll()ti。 n aRer fl血 ng,plcase re凭 rto Fi荃委、舔

In Fig、  6,the x-axis represents thc sag dcpul and仇 e、 āxis

rep∞ sents the dcnsi11⒌ 厂ofthese depth valucs.The cLlrves are GEⅤ

cuⅣ cs aftcr f血 ing alld the relevant data preferably flt伍 e ct】rves,

The GEV dotrbution aln∝ i。ns arc expresscd in Eqs.(l)and C).

弓x)

巧η=∫
-卟《-￥〗

,舀 =0         l9’
h Eqs,(1)and(2),〃 ,死 and ζ are locaton,scale,alld shapc
paralneters,respecthely Among Jlem,ζ denotes伍e dlstr仍ution

hllcton fom.If ζ=0,Eq (2)descrbes a钾 pcˉI(Gulllbel)

ms缸
"i。
ll;ifζ <0,Eq.(1)re允 rsto a钔∞-Ⅱ lF￡ chetJ ms“沅i。n;

and ifζ  is>0,Eq.(1)re佗‘to a″peˉⅡI(WeibtllD distrlbtltion.

Tllc probabil"y delks⒒ y⒒Ⅱ位on paralneters ofule GEv dsmbtIton

fltting are presentcd in Tab1c5.

The ftlll foⅡ n ofGEV dis“ lbLltlon is exprcssed in Eq o)Eq,

(3)is a webLlll dls“ btltion.

卢。。=梦
ll+r埚叩(l1747f丽I              o)

Use仇c KoImogorov-smimov testto狁ri灯 the sag dep伍 da切

and gcv ds茁 butto△ the rettlnled valLle md忆 /ates ulat Ic。 halogorov-

Smimov tcst does not r苟 ect the lltlll hⅥ⒑伍esk at伍e5%
signi丘 cance levc1.`value is0,2753,that shows the mcastlred

data and the probabⅡ i″ dCnsi″ Rmcjon ha△ e goodtle骆 -of-flt。

4。 2 Prol,t△ bi丨 itv Distributioll「姒nc贼 o11

of黾hc Deptll¨耄o¨W∨ {dt}飞 Ratio

The fegon wi伍 伍e hghcst dep伍 -to-wd伍 rato is thc mo“

dallgerous section of non-flne conGretc。  In勹Pical cases, thc
region、vitllthe maximtlm dcpth-to-widu1rati。 d。es not have tlle

m眍imum dep伍 valuc For the dcpthˉ toˉwidth r肘 o probabⅡ i″
distribution of thc non-flne concrctc test b1ock,pleasc rcfer to

Ta妙 1e($,

The average dcpth-to-、Vid伍 ratio ofthe non-flne concrctc、 vas

found to be O.9 mm. The areal proportion of regions with a

depth△o-wldth rato of<1was73.5%;88%had a r肫 lo of>4.

The m拟imtlm depth-to-wd伍 ratio was7.21,

」十叫剖丬,弘 0

、
〓
〓
°
〓
°
ハ
△
宀

-GEv Dis“
bution

sag(llllll) o-1    1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9   9-10

P∞ babⅡi,(%) 2218 2684 1949 1348 515 282 208 037 049
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丁搔络唇e皤 , Depth to-ˇ Vidth Rauo Pr° babi}i〃 D。t"bujon

Vdue -7to-5 -5to-3 -3to— l -1to l 1to3 3to5 5to7

Ratlo(%) 245 368 908 5730 1828 405 442

~8   6̄   -4   2̄    o    2    4    6

Deptll-toˉ width Ratios

Fig,7。  Depth to-Ntidth Di虻

"buuon ofa specimen

By丘缸ng expeⅡ melltal a猊 dle dCpthˉ toˉ widul ratl。 s confom

to an犴哎able distrbLlton.The probabili11、
'densi△

hllct0n aRer

丘tting is p1otted in Fig, 7. As a more generahzed no∏ nal

distribution,thc α-stablc distribution represcnts a rnaJor categorⅠ厂

ofbroady rcprcsα 1忸tivc random dlstrib血 on mode1s.The depu1-to-

、vid伍 distnbution was consistent wlth the α-stable ds伍 bution,

廿⒑￡by dcl11onstratmg that弧 tead ofbel唱 colnpletel、
'disordercd,

the dcp伍 -to-、vidth ratios of nonˉ flne concrete follo、 v vanous
physicd lau/s

In Fig.7,tlle艹 and冫Laxes rcpresent the dep伍 -to-、Vidth ratios

and their densitics,respcctive1y The α-stable distfibution cwcs

after fltting are plotted in red,The fl伍 ng bch△ een the relevrdnt

data and the ctlrves is satisfactor”

Althotlgh there ls no u“ 丘ed closed expressi(>n士 t)ran ᾱst泛辶ble
ds“沅u。n pr。 babih″ densi△ 负ⅡtlOIL诋 charact葫雨ch∞uon,
as expresscd in Eqs,(4)and(5),has a⋯ifom1fom,Thus,a
nulllcrlcal e闪盯ession ofthc probabil⒒y dis廿 btlton Rlnc伍 on call

be obtaincd tlshg such a characteristic ftlnGtion.

田⑺=少叫川
α马丬

α≠1

α=1

、vhere α is a characteristlc index山 at is used to control the pulse

con山jons ofa stochas位c process,Ifα =2,the α-stable distnbu伍on
∞tespon“ to a Gatlssiall d诣 tnbLltio△ if α=1alld'=0,⒒
cC,rresponds to a Cauc11叮 、̀d怂“btltion Additiohal玩 γ。a scalC
paralncter,and'饴 a wmmetrical paralneter伍 蚀deterlllines the
dotrlbutlon gra山 cnt,∥ =0represellts a” mmetr⒗ al distrbuton,

‰ colldⅡ ons α≠1and'>0and'<0coⅡ Cspolld to ms⒒沅位【,ns
that are md血 d to ule H酏 t and to tlle⒗R,rc,spe山 velI/1a。 a

locaion paraInctc△ Whkh caIl be a呷 rcal numb⒇ ulat c。Ⅱe叩onds

to伍e rncan value and thc rnidˉ value ofthe stable distribution.

Tab廖 e7。  Parameters of Eqs (4)and(5)

Para】 lleter

、犭aluc 1 1638 002869 05145 00211

The probabilit。 /dcnsit3`fi】n⒍lon paraInctcrs of the α̈stable

distribution fltting are hsted in TabIe7.

U∞ tl△e IColmogoro弘smimov tcst to v曲 灯 the Depthˉ to-

widtll data alld α-s切ue dlstrb“ ion Thc rcttrncd Value hdlc扯 cs

ulat K。lm。gorovˉ Smimov tcst docs notr向 e∝ the nt】 ll11。/1)othCsis

at the5%signiflcancc1evc1.`valuc is0,559,tll乱 shows伍 c
measLlred浼伍and ule pr。 babiⅡ t乃厂dcnsit、厂ftm⒍ ioll hⅣ e goodncssˉ

of-flt.

5。 啜:o砩爨摄蛇鼍S罨罗ess蟊 $毒 s苷ri鼬睇嘁◇n§ 酴罾啜]舻嚼$醌e鼹鼯rames
攮蚋洇 N隧》瞒 F̄∶ ne C町》nc萨咿蘧舻 镪狒瞄囔瞠酽晟￠‰衮r啻嫒》猢s阈 隧冫槲氓 镢霪

Pre露 s渺翳es

The upuard prc骆 we values for ule strcss dstlbtltlon meastlrement

tcst、Vere142kPa, 194kPa,245kPa,and297kPa,、 vhich、 vere
conve⒒ed to14,2m,19.4m,245m,and29.7m below伍 c、vater
head,mle co玎 esponding ra伍 os ofthe、 vatcr hcad to伍e con切 ct

arca are presented in Tablc8,h伍 ese locations,thc contact areas

beb″ een the geomcmbranc and thc non-concrete1est block、 vere

73,39o/。 , 84.67%, 93.610/。 , and 97.680/。 , respectivcly. The
geomembranc、 vas in ahnost ftll1contact、 Vlth1he cushion30m

belo、 v the、vatcr head,

Figures(⒌ plot thc stress distrlbtltions on1he con切 ct sur勤cc

bebⅣ ecn the geomembranc and the non-flnc concrete test block.

Thc t】nit of rneastlrc in thcsc flgwes isˇpa。 IIere,thc ycl1o、 v

arc凼 rcpresent h鲈 stress,alld hgh strcss probabilities∞ Ⅱe叩olld

to thc r1ghtl11o吼 probabili△ valu∞

Thc strcss vahes ofthe stress rcgions are presented in Tab1es

9and 置0.Thc area of the high strcss rcgion increases、 vith仇c
nomd pressLlrc,as does⒒ s prob引 ili”1Regardhg other s饣 ess

valLles,the correspc,lldmg area probabⅡ 而es decreasc cα血nuousⅡ
AddtionallI`1as the nomal presslIre incrcases,the areaprobabilities

ofregions tllat have lo、v stress va1ucs approach one anothe⒈

According to these flgwes,、 vhen thc water head continuously

hcrρ ases,the stress arca on伍 c contact stIrface dso incrc灬 es,

whⅡe the arca ofthe rcgions that arc frce from stress continual1y

shonks Regions of highˉ presstIrc account for rnost of the total

contact area。 subscquent to仇 c increase in ule watcr hcad,the

area ofthc highˉ s“css region cxpands continuously.h addition,

【ab蜃 e8。  Ratio ofthe kt/ater Head to the Contact Area

N龃 hcad(m)     142   194 245     297
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Fi夥 9夥。 stress Distribution on the Geomembrane-Cushion Contact Area142`194

statistiCs

lΓ苜良繁,|蜓≥∮≯。 Proportion ofthe Total surface Area ofthe High-stress Region

W狨er llead(m) 142 245    297 氓甙er head(m)

42n】 、vater hc∷ ad

啷 194m watel head

--m246m watcl head
298rn lvater head

◇。曳      番宓      硷:(奋      皤,喀      蔑冫k§

Pr∞ s11r lRIPΘ

(b)

`245and2971η below theˇ
Vater Head∶ (a)Nephogram`(b)

瓦蔽蚤》l恁斧每刊.Bulge Deft)rmauons of FourXNater Heads

245    297
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宀
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弘
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鼾

H屯h-s饣C“ GOnta∝ ratio(%)  39,75  4501 5024   5481 Bulgc dcformation(mm) 423 752    825

Tab【 e』 0。 stress Extrelη es of FourˇVater Heads

Watcr lacad(m) 245     297

Mi“mum strcss(WIP/al 0103 0109 0113  0114

M狱imum哎re$αP⑶ 0397 0418 0432 0437

the mⅨ imum alld minimum strcss values Illcrcasc by no more

伍an10o/。 ,As仇c noΠmal presstIre is inGreased,bo伍 tlle contact

area and the arca ofthc high stress region cxpand accordinglγ1

6。 豳猁嵫e De鼬酽搬勰毒Φ雠of电eo酗e躐酶隅 nes

6。 1 Specilllen思 L专 |ge DePth8asecl on t犰 e Stress

Di吱 rib1』刂on
Frec fron1exogcnic actions,the colltact bct、 vccn a geomembranc

tllat is rnounted on the uneven sLlrfacc of non-flne concretc and

concrete o conflned to several sma11areas,Geomembrane blllge

develops m thc11刂
,严
draul忆 pressLlre incrcases.As d“ 刂ssed above,

btfge defonll舶 on诒孙⒃ciated Ⅵi伍 the”draulic pre路we and tlle
geomclllbrane血狄mss,龃ong诵 ul dle test block’ s sag dmlcnsiolLs

ldeptl△ and x△
zldth)and dis“ i犰tion.

According to the da切  that、 vere co⒒ected by 伍e presstIre

transduCe△ the geomcmbralle was ahnost entirCly in contact△ lzIth

伍e specⅡncn at29.7m belo、 v the、vater head,            ∶

Thc sag depth of thc geomembrane when⒒ w凼 squeezcd

under thc action of nomal prcssLlre and 伍e stress of the

geomembrane,togcther、 v⒒h3D sag ofthC nonˉ flne concrctc,

was analyzcd The presstlre data伍 at were generated aRcr the

geomembranc callle into contact、 v⒒h the non-flne concrctc were

coⅡected using a stress transduccr NLllllerical values 、vcre

displaycd for contaCt areas,and0、 vas displaJycd for Gases of no

contact, The pcriphcral positions of contact arcas that wcre

su0jectCd to varous watcr heads wα e obt缸 ned from伍 es“css

transducer, The maxiIntllll depths of their contact cdges 、vcre

also calctllatcd by comparing the3D da切 of仇e noˉ flne

concrete stlr血 cc The measLlrcd top bulgc defo∏ nation data are

hsted in I〖妯 le11,

色,2 S变 rain Lav^/s af廴 e「 Spec|nlen8L】 |8e

A non-concrete sag with J△ e maximun△  dcptll-to-、vidtll ratio

coⅡesponds to a geomembrane bulgc defoⅡ nation 、vith 伍e

maximum strah capaot`h locations30m below the water

hcad,thc geomembrane is in ahnost h⒒ contact、 v⒒h tllc nonˉ

flnc GOncrete。 MorcOvc△ thc geomcrllbralle strah depends elltrcly

on thc dcpthˉto-wldth rato of伍e nonˉ丘ne concrete,

A3D dcptll calcu1·ation was conductcd for a11rcgions仇乱

coⅡespondcd to nonzero strcss va1ucs to acquirc1he Inaxlmum

Defomed
spec1men

sidc a

V̌idth

『ig,9。 schema刂 c Diagram亿rC创 cula刂 ng Geomembrane Bulge DepJls
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Ⅲ滚络落e噌 2‘ strains of FOur Xltater Heads

Water llcad(m)

1n¨ dep刂△rescarch,

7。 Co瞒 c蓄晒§啻酴跻骣

扌羝詈七:掼搬T扌黯王票颛 描翁簸
m缸 n Πndings ofthis stLlψ  are summarizcd as follows∶
1,h1i⒈ lis pap叱 a new metllod fo1· dct田洫血唱 tlle血酞m$Ja
geomembranc is proposcd.11us mctllod is sⅢ table for daIlls

of vanotIs mat matcnals and helgllts。 Ths method does not
1mpose盯γ assullptions,h∝ 刑比咸 to ulc△ adhonal mculod
2 The sag dist,bution on thc non~flnc concrcte sudocc

prefer曲 ly coincidcs with tlle GEV⒒nction,alld its depth-

to-width distribtItion sato免 ctorily conhnms to an αstable
distribution The sta伍 s狁缸 results demonstrated伍 at the
stlrface dep伍 -to、讧dth ratios arc dis“ ibtlted according to
p灯屺缸hxls
3According to tllc data that were measwed by the伍 in-fllm
prcssure transduccr. the contact area bet、 vecn the
geomembrane and1hc non~flnc concretc incrcascs、

vith thc

nomal prcssure,and the geomcmbrane is squeezed into thc

non-flnc concrcte sags as it bu1ges.In this case,bo】 1the
arca and the propo1tion of仇 e high strcss region continuaⅡ y
incrcase,despitc an unsubstantial strcss grOwth rate

4.Thc sags and the depthˉ to~、Vidu1rati。 distribution of non-

flne concrete can be combined lxlth thc s“ ess distribu伍 on

:品妆
C拶
馐:J盅秣

c耀
璧
e&eη
忍虫u芦i拷:

prescncc of diversc 、vater heads, 、vhich can bc used to
det㈩mine 伍e max"ntlm str缸 n of a gcOmcmbrane zOnc
with the m拟 imulll dep仇 t̄o~wid伍 ratio,

5.If a gcOmembrane zOnc、 v“ha1argc depth-to-、Vidth ratio
、vas not dalllagcd during thc test it、 vas proven through air

buⅡcing experllllcnts thatthe gcOmcmbrane yieIdcd but stiⅡ

had an cxtrcmcly high defoⅡ nation allo、 vancc, supported

by the sag、 vaⅡ,thc dcfo∏najon ofa gcOmembrane、v⒒ha
residual strain is stablc In u1is c。 ntcx1the geomcmbrane
can s伍ll rcahze its scepage prevention ftlllctlon Howevc△

thc aging problcΠ‘1h碰 are caused by re蚯 dual strain Incht

nlrtIler1nvcsugat1。 n

燕c敲确睁獬霪雷勰鑫e唧酵狒勰

Not Applicab⒗

0瞅C罨0

Ke GuI带 h锬ps∶〃o瞥ctd,org/θ oθθ~0001~8θ 33¨Cl744
Xh蛀 nLh F,i htllis∶ 〃0【 id.ocζ◇0θθ̈θθ02~357⒎3383
u/enl。ng b·Iao痦 |lltlps∶ 〃orcid o瑚乡/0000-0003ˉ 0532” 7101

鼠efe箩 e擗 c螋§

Alld岣ack TL,Ⅵ南吲ⅡlaIl J(201o)Devcbpmcllt alld intcrprctation of a

245 297

strain(%) 537 628

(钭)          (b)
H簪 强

:⒊W挹 tξ∶%∶T黯 弼 :艮
m扪咖 ⑶ ⑾

"扪
°%⑹

dcptll-to~Width ratio of the contact surfrdce,The str缸
n data tll乱

、vere convertcd bascd on Fig. 9 are hsted in Ta翘 lc 12. Thc
uniaxia1strain ofthc gcOmcmbrane、 v镪 dctenmincd to far exceed

the tutnllate strah tll乱 ule Pvc ge。 melllbranc codd beε 111Apparcllt
strctching traces were idcnti丘 cd on thc PVc gcOmembrane aftcr
the stress distnbution mcaswcmcnt tcst equipmcnt had becn

uninstalled,although no dalllage occuⅡ ed.

Thc strain data that、 vere convertcd based on Fig 9are1istcd

in TabIc12

Sincc Jle lincar strain of an unbroken PVC geomembrane

substantiaⅡy cxcceds its unidircctional tensⅡ e strain after a nonˉ

fIne concrete buIgc,air bulking tcsts、 vere Conducted on the PVC
gcOmcmbrane to cxplorc its ultimate blIlge sccnt】

Jˉio  Thc

襟 背 箐 d黯 i赢 Fs湃 ‰ 搬 岁 累 ‰ 嚣
thc context of ultimate destrLIction, an imagc analysis me伍 od
was utihzcd for the geomennbranc spccimen to ga伍 cr and
analyze relevant geomembrane spcclIllcn images at the thnc of

⒒s ultimatc Ω菹lwe Thc GaptL】red image is shoxxn in Fi廷三 1《)
Accordlng to Fig 10,thc svo~w叩 stretch Ⅱm"straln of tlle
PVC eartllen0ometr忆 membrane is more thal14oo%,whch
does not satisJ∶

^`JlC requiremcnts on tlle mat;hence,tlle specimcn

ultimately was not destroyed Thls is duc to伍 e difcrencc in tlle

dcforlllation of thc soil mcmbrane bebvcen sidcs a and b.The

伍忆ker thc s⒍ l mcmbrallc,伍e1arg⒐ the strain differcncc
bct、vecn a and b changes aftcr dcfoΠ nation,At a tlllckness of2

mm,犰cb-“de strain diIFerence cnstlres th哎 the flnaI strain on
the a~sidc does not cxcccd400%.

b揣∫∶∶Ⅰ∵【早:;:￡蛩L∶嚣器糍F咒黑F嚣隽
箔:∶∶【∶菇t簿;‰r嘿:扌篝r蔗lr这器点哏
踹 :r搌 :戴Ⅰ跫;l彦:厝遴摧怒黥

s⒈

滥f
Howeve△ the aging issucs that are caLlscd Ⅱ large strain reqtl△ e
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