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Abstract

Concrete sleepeer fastening on Airport rail link tracks could be damaged from
loosening anchor bolt and plastic dowel after a period of train operation. State Railway
of Thailand Electric Train- Company provides maintenance of concrete sleepeer by
removing damaged dowel with coring process. New dowel would be replaced, and
the cored hole would be filled with epoxy grout. This project presents the study of
the strength of anchor bolt and plastic dowel on concrete sleeper after maintenance.
Compressive and tensile strengths of epoxy grout were tested according to the
standards ASTM-C579 and ASTM-C307. After 14 days of epoxy grout curing, the
compressive and tensile strengths were found to be 69.85 MPa and 9.39 MPa, which
are 0.2% and 37.87% different from the stated specification, respectively. In addition
to grout strength test, fastening insert tests (or pull-out test)-according to standard of
the American Railway Engineering and Maintenance-of-Way Association (AREMA 2000)
were also conducted. Fastening insert tests were conducted in 2 cases: 1-day curing
and 2-day curing of epoxy grout. Both epoxy grout curing cases passed the AREMA
2000 fastening insert test. Anchor bolts and plastic dowels could resist 53.4 kN pull-
out force and could hold the pull-out force for 3 minutes without crack on epoxy

grout and dowel slip.

Keywords : Plastic Dowel, Anchor Bolt, Epoxy Grout, Coring, Fastening Insert Test
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Gauge board

Baseplate

Baseplate pad
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s

surazUssinmnaziinseenuuulujuuuuiare shusnauieg MuanAsiuf e denali
Ud & i

Auudanse anumumukazargnisldauiuanaeiuiisdadedieg marifagduegiu

USUMENEn

232 auauiivesyniamimnnuileyssnauiuvusunounin Fadunuanianges
IAsUNIvAEaUAIBNInTEIN AREMA doumsiuldauaialseneumie

- 1593U8Ag1UTe (Clamping Force)

- PMENIAIUANSEUNIUANIER U IRgReER (Pullout Resistance)

- arwaansalun1siununsanvessEuuBalvilen (Fastener Uplift)

- auannsoluneununisivesszuudamile) (Fatisue Resistance)

- ALEHA M ITUIUN TR EUAAE1YD9374 (Creep Resistance)

- AUABNIAUANTIIUNIUNISVEUAIAIUT BT (Lateral Resistance)

- arndun Wi vesszuudamien (Electrical Resistance)

- NM3AVANAUIANIY (Control of Track Gauge)

nainadeuyndnivilensalelsenaufiunaaunsuninivi s, 1dlunns

VIAADURLOUADUNIANDUNITLTINUY LAAIAIAIS 1N 2.1



A13197 2.1 waneieganarinsnadeuauantRvesssuudamilsniioUsenauiunueu

ADUNSH VDY SWN. [3]

378113

LEUAATALA

1. Static loading test

- Rail seat (Positive moment)

- Rail seat (Negative moment)
- Mid span (Positive moment)

- Mid span (Negative moment)

= = o
- nupuAsunIAa LBIfinsaesuAnin M1A1 test load 168 kN
a |
- AupUARUNIAY LULARTassILANYN 9A test load 109 kN
al a |
- puauADUNIRY luinTeesIuaAnNYn Nen test load 85 kN

= a |
- wuauraunsev lufinsassunniin a0 test load 81 kN

2. Repeated load test

o al ) o w a
lauiusessunninvadnueuasunIn Wavuou Suusanssyigaudlufiu
600 saU/UHIIUATY 3 auseulavusinssumassauliinag Laue 15 - 193

kN

3. Bond Development

o Ea @
Tvuse 1.5 m’]‘?.l?]\‘lLLNﬂiEWWUHWu‘VﬁﬁﬁiU'i’]x“zm‘iJluﬂ']'i'E)E)ﬂLEUU(USSM’IﬁJ 250

kN) ﬂﬁL?«"auluawauﬁuammaﬂmﬁu 0.025 2.

4. Clamping Force

i < o = a
TuussenvunInstinmiianand wafiazaanduvun 0.1 mm ml,mﬁ}lmmmag

5EMN9 17 = 19 kN

5. Fastener insert resistant

o Al 4 =1 : =t = s
Tsussdafutivasrmaliiomuds 55 kN wazenaly 3wl Shoulder wdaud

laifiu 0.05uu., LLﬁ#WHEuﬂBuﬂ%FﬂNLLﬁﬂiﬂ

6. Fastener Uplift

i = = =
Lﬂ‘sawmmuaﬂunawqm u,asﬂuaumaun’%’m‘lmmmﬁama LSy 1.5 el

Clamping Force uamadlaniiu 50 kN

7. Fatigue resistance test

o d = y = { o
TuwunsthsnvouaiaadnvileuazmaeunounIALANT T enuauMTuLse
N3y 300 58U / W9 31nn1 3 auseulaelsinseyinas 135 kN + 0.6 0

831 Uplift, LaasEnseThiiu 0.6 1vesm Uplift (16.2 kN)

8. Creep resistance

Tuussluusenin 20 kN AINN5ARBUAITE4TI93 WITILSA T1UARDUAD < 5 WA

15 W1AnsT S1UAAURAT < 0.5 Ul

9. Lateral resistance

Tousansysh 90 kN s 30ouaIratsuss mnnaseeulnlaguauailnuss
nssviludnsilifiu-22 kN /unfiaufis 155 kNgusedeumuwwsulaly

i 3 uu.

10. Electrical resistance

gl AC. 10 hanAAuaminigana1 4,000 Tewy

11. Control of Track gauge

UsEnoausHiunauMuLau 61 6 WATTAIUI AN PRI ALIIEURLEY AT

malanfiv £ 2 s




2.4 AM5TANUITINNDUABUNTA

Wieshevnssaliiwesuiensalui s, 91da deawdlunisliusnisigaagann
7 1 | | a o 8 o § v = N o

nslivuegreilosdwaliiausanseyihgquuswigadamiisaselasunansznunag
= = 4 oA a = o = o o
inAudsnety lnmwizegdsuinamnwatadniildlunieunsuninuazaaningenin
ndaunusosTlifunuaunsunia aaudsvesndsamnnaiadnuazanninde i
wanssiegy 2.3 aurliinnisrasuvesadnindenda dsunsuismaalih s drn
JafinsgenthpanteuneunIameiinisiangalunnnaainiiteenuazUisunnwaiain

TndlagladRenTnimilunsdougane

:
Eﬂﬁ 23 LLE‘I@NF’VJ’]&ILﬂEJﬁ’]EHJENWﬂWﬁ"IHWﬂLLEl”ﬂaﬂLﬂﬁﬂ?gﬁ

2.4.1 myveutiymusunsunInmeIsiazaioug vasuTemsalii s.ln. dria
wanaiema LUl

1. 0eAYndnYteITNYBIUTRMRIANUEIMNY uananagy 2.3

‘Uﬁ 24 LLﬂﬂﬁﬂWiﬂE}ﬂ“ﬁﬂﬂﬂL‘lﬁuﬁn‘i’N

2. wwahuusuesunIaiad N waNaAnIidemgean MelA3edazAiy

Tnefimsvaoiduvnzyinmsane wansdsg 2.5



sUN 2.5 LAAINISLIEAIUNLDUADUNTA

U

3. waudfonTindmiiiewioninmManagntziasilfsunnwaain uansis

Ut 2.6

U 2.6 wansnisaudiendinivi

4. wdNanFNsMIwIsuldas el wananasy 2.6
YU U

JUT 2.7 uanan1simdiendinimi

5. Tdwnwanafnlval warszdnszidlilvidienvinivivieduanuasudiluly

WAWANERN uanenagy 2.8
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'Uﬁ 2.8 LLﬂﬂ&ﬂ'TﬂﬁWﬂWﬁ"]ﬁG\ﬂ

6. Usznaugadanilenss lngivinstuadninfeidaiisaley uansdagy 2.9

JUN 2.9 uamnnsUTENoUYREALATIEITS

2.4.2 Uavsnamanssnulmnalsangeyinuusis
Uadvdmaliiausenssyhuusidaziudmaldddudiiaeluszuy s yada
WHe1519 Lagnneuaaun3a SaUsenauale w5l Wukaduiiownaniiviinueese
L3a1udne Wunasuiiesnannisateaiveese nsenlad slalazsaninveslaunaziy
= v a [ = = = [ s
MU AUl saNqanasdnan1a nUs U uiulsenie hagwsaminend UuNasu

=

WHI991131NNITARDUNVBITA NTTLIE NITUTA BNINRIT LAYl

Y

2.4.3 3fenTisBu (Epoxy Resin)

Sﬁaﬂ%w%ummamwaﬂuLﬁzjmmwuwuwwaﬂ SUBvENaINMUUsAInd oy
meusniitevzasunlanumavewdifiadiosnm awaﬂ%ﬁ%ugn”uwuimmﬂ A7,
1930-1940 lay Pierre Castan aiafisniadniwasuaud dfonaisduldgnimildanuly
vianvaneanan wu dulwih, fudmnssulest wasduiuszall swileunsndfieond.s

wa o

a o Aa A W 1 I~ o v o d
%jumamau UTLVALHYUWFIINNTITUNILUAIULYILTINNEG ATUNIUAITLAU i
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avuliiazuenannisdudiendanuisodninuwandianianienmiulamenisudiay

AsANasUSENRUNLANA1NY [4]

o
=

nsidenldisduluey

s @k

Aunsldau anldane anaudRisfesnsuagnsUseynaldsau
=
7

= =

a a daa [Ry) A a a a =
‘tjumla\"ll,'i*‘duwumﬂ‘ﬁﬂuu’m f:ﬂﬂ@ @ﬁaﬂ‘lfﬁ‘ﬁuuagLi‘UUIW'ﬁL@alﬁla%LW?WSQJF’]’JWNE{’]QJW‘EQIU

=% = 1 A =
NSUALNNE LAFOURD LIS LAY AU UNIUABNISIEDNENTNNNATTLAL] Lﬂuﬁu

ad A v o«

2.4.4 aWDNTLNIN

ac = 2/

2 = Py o oA ad  d a o v v
DNBDNFLNTIN L‘Uuawaﬂﬁwaﬁm Na'JUﬁJixﬂ@U?J@ﬁawaﬂmLimu %i&’i]ﬂ“ﬁﬂflmﬂ’lﬂmuiﬂﬁ’]

A

waznsteNt1ge 1wy wiugudmsusesdumuayniu gusesiuiaiasdnina THdudaba

adnindeadie q Minsvdeuvenasuanaemiln Hdudasuariuudaunds

a I

(Reinforcement) ¥dmiunisaasinssluilonsunin luauddeiilunishunldiduiagly
1 ° e = o a = a = = a
nsgeutgyndawmlensia Miinanudemeuinnadnindelin wawarain uazwuou

ABUNIA

=i =

auauRresdfiondins iz duiaquaniicmnunaiuagiimiuaunsalunsivadild
A fdunanvednondisdu esuiags Usznaumsdlunaatdunliinauyp i
avale UlenaudlrdnaursaiudrudianaiuazlauaIfnianuduiraI 1z g1 uau

UseLnnnsiav

2 '
o = =

& i | & = = o =
desladl (Potlife) Arfienlaftuasdfandilunsivunduiionansiianalvednlny

NuAvevBINaNNaz LT uTua LA INKEY AaBE1aLU mswawﬁﬂwﬁaﬁmmqﬁam

'
A

lafl (Potlife) Ao 30 ua¥ dnaLaISHANTTA1UMTAGULSA 10,000 mPa-sAuRlny
Windudu 20,000 mPa-s ¥da37n 30 w# TuutansddiAinnundasuauauIny 500
mPa-s 3861071 1000 mPa-s m&;ﬁamlaﬁsummmaumwmﬂﬁanmﬁmwwﬁmﬁﬁu a

w38 5 wih Yadenandmsunionladl (Potlife) azmansliiiudninuswesnisus (nswasu

o
o

nanuzvauvallUiduvends) diuiainisviiau (Working life) vadWanTuune

o

seaziananendddimumnilasnedmiunsinunldnuivdiureiasnanudu memana

1 awieu (Working life) aganunsandsuudasaudiunanlunisldauiug
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2.5 dayan1masau

MINAFDUAMLLIILTINATNINNTTONTITE UTENBUAIY MINAARUANALTANIAITY
a o as as =3 =l Cl 2/ ﬂl wa | L2
Lsedauasidsiunssisvesdfiondini v wedumsasivasuauandAdeunisldiunas
WinufisunnaudRimdsunsdaiunueunsunindesasmsimasiuussdnlideundn 40
MPa waz n1svadouusenauingieda Aun1nsgIu AREMA 2000 1HeBuSuImaaInnIs
! ° v v o <, a | v
doutigaudrnnunienlunsldnudulunuiinsgrunieli dedeyamannaeuuans

U

srasaluil

2.5.1 Nauidmiun1snagaunsiuLsIAaues Chemical-Resistant Mortars, Grouts,
Monolithic Surfacings wag Polymer Concretes @munigiy ASTM C307 [5]
ANSNAADUNIAISULTIR9UB Y Chemical-Resistant Mortars, Grouts, Monolithic
Surfacings Uag Polymer Concretes (Tpazidendadnsluniauuan ada 1) Wunmesey
areIoageand fansanldlnefiideTagliiamsith visideme delinshmiedn
fanpanmuuuiunt fdsfulsiwesTannaaeusiafitawiina v drwiuanunsafuald

AaaNng 2.1
S=P/bd (2.1)

Toefl S =stress in the specimen at the waist, psi {MPa)
P = load at the moment of crack or break, lbf (N)
b = width at the waist of the briquet tested, in. (mm)

d = depth of briquet tested, in. (mm)

2.5.2 ngudmiumvnaaun1adnues Chemical-Resistant Mortars, Grouts,
Monolithic Surfacings wag Polymer Concretes muunsgiu ASTM C579 [6]
ANSNAABUNIFISULTIOAVDY Chemical-Resistant Mortars, Grouts, Monolithic
Surfacings kag Polymer Concretes (518agtdansuanslunipuuan a 48 2) Wumsneaeu

a wa = =

mueseagwEai NamsanuldlneiileTagliifinnsidi viaidenne Welinsnavdedn

s °

Fageuuuiunu Mdssunsdnvectannaasusiafilawiindrundraiuiinisdunaldes

Aunnsi 2.2
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S =(W) L, *L,) (2.2)

Toed S = compressive strength, psi (MPa),
W = maximum load, b (N)

L1 and L2 = cross-section dimensions of cube measured, in. (mm)

=2

2.5.3 mavaasunsmauingiladia (Fastening Insert Test : Pull out) Auansgu
AREMA 2000 [7]

nsnaasunsinauingilidadunililunszurunisnaasunusunsuniniiiou

3pundoudmsunisldnu Tnsasmeaeutanilsdnlunounindsifennnarainifieidunis

9

duduimnnarainlunsuninduiuusaldmuiioaniuull msvadouaziivatsunsgu
arufdenld delunisneaevvesauidedlyd 11051571 AREMA (American Railway
Engineering and Maintenance-of-Way Association)

11A357U AREMA 2000 Chapter 30 Part 12 (snwaziBuasauandlunianuin a 4o 3)

'
=

nilsBadesiunisagaunisiie (Pull-out test) Insnanaasuazdesiviotngilednluus

q

avasifagyhnvaaeuuansdagy 2.10 uazsedldusfimuuinun 53.4 kN uazsoafan

ade

aglaitlesndn 3 uti Lazluginafnaniisdesdiinauasasinae uhiinsidousnvesian
Hefln vidomaunniavesaeundmvisoll

mnewn : msuandavesuluvinusaugfasiidn wlildammuesemudens &
AsiAsnaindu iy Jormunvesntiaseuiaghiamsanavavedls prwannsaly
nsfunuveYaniladin fosdtumiuse 53.4 kN TasusaannisidusUaginnnsdeandu

danalinsnaasuiidimen uazfvualilseisnuinnsgiudedialiiu 22 kKN/min

£
* P =12 KIPS (33.3 kN)
1
i

SUPPORT ¥O BE SEATED IN ’ T ]
HYDROUAL, HYDROSTONE OR
GTHER MATERIAL, APPROVED | & 2"

BY THE ENGINEER STEEL BAR

=

JUT 2.10 uanwnsgIuNIAEBULsInaulngiEn [7]



UNA 3

ANSNAABILAZISNITNAADY

2
=

nuideilagdsgnaume 2 Nsiinw ddulInAsnsAnyRMaNTANINaTesIanYes
-] = = dl Y 1 L] = =il A = = U
thywiedfentiniv Aldlumsdentssyadamiledsns eAnwnginsruuazuan vy

a2 =

89D NONALNEVIAENITVAFDUNITNAABUNIAITULTIEN (Test for Compressive Strength)

YIBNONTNIN WAZNITNAFBUNIEITULSIAY (Test for Tensile Strength) Ap9BWONTLAITIN

ar =l

o <, = = o | ° [ - d v ¢ 4 @ =t
anunaendumsfinyvueunsunIAnaINIsYeNUnFInIgdNanTnT W Lialdun1sAne
ANNENINIATRITNBUARUN AN N VANANTRNITFAUNIUNSnaU IR NN aRNNH e Y

wuauAsUNIA Men1InegeuLsInauingilsdia (Fastening Insert Test : Pull out test)

3.1 Jaauazgunsalnldlunimadeu

1. anendiniwinldlugeutismuaunauninvesuitnsalui 5. Wy dfa Bl
NARAN Sikadur-42TH (Freagideaselandliunianuln 3) JesnUszneu 3 dau fa A, B

way C uansnssy 3.1

JUT 3.1 Yan7lddeutiseaiindien?ind v n. Component A 9. Component B uasg

A. Component C

=

B zwwa‘agnmﬁﬁmmﬂ 5x5x5 WUALAT dneYanndwualidaime dwsums

q

nagaufasiuuseen lasuanueyeseiannaieivricmnsulesy uanarguin 3.2
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mig——ch il

JUR 3.2 WUUVABGNUNANYUA 5x5X5 LUURLINT

3. Briquet Gang Molds fisnuunasuvisinagnsiieiannduudliiianig wu

q

= a1 o . = & & o < Y o o
NaILaed maiuu“ummmw'mmuummaimgﬂim‘mamaﬂmaﬂaw 1‘Uﬁ'l1ﬁ'§ﬁﬂ’]‘i‘lﬂmﬂ@‘l_l

o a s = s € a = @ o
ANTAITULLIIAN léfiUﬂ'ﬂlla‘L}ILﬂi’]3ﬂﬂ7ﬂﬂ1ﬂ1‘l5’1’lﬁ3ﬂ'ﬁﬂiﬂﬁ’1 LLﬁﬂﬁﬂx‘lEUﬂ 3.3

g‘d‘i?'; 3.3 Briquet Gang Molds

= v o v = oM a 1 a ] ~
4. LATDINANUDTAN wa’luﬁﬂi‘ﬁﬂ’a’lm‘i’a‘iaufﬁﬂlﬂ ﬂ'J'DJLTﬂNLﬂU 400 FURADUN

JUN 3.4 1ATDMALNBTANANNNIATIY

6. A3BIAABUMAISR lasuanueynTEiaInAlsimnssales
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5UM 3.5 LASamAaaUMasIULSIEn

7. inIamadaudm lasuaueynsgianmeivianssules

3UN 3.6 1ATRIMARBUMAITULLIIAS

8. National Instruments 1/O module (NI-DAQ) j:u NI'USB-6008 8 input, 12 bit, 10

kS/s ﬁm%’mﬁu%’m&afﬂmmuwa%"imﬂ’rmﬁu

U 3.7 NI USB-6008

9. wuwaTinAuiu NlAa WIKA Ju A-10 @wnsainadus Tugie 0 - 10,000

psi wazawsudyaialnd 0-10 v
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JUT 3.8 wuwaiinaunAuy

10. thilansedeiiolon dmiuasauseiilinszuanlensedn Mdaansnasafuggn

700 U1%

5U# 3.9 Tulonsedailolen

11. psewmadauldgnaaniuy dmsunisuageulsinsuingilatn Uszneulualg

WugIUIBaTy gasurings Wduaania kag u1lin1in (Dial gauge)

5U# 3.10 inTeemadauLsinauingilsdn

12. wupuAaUNInvEIUIENI0lNIh 3.0.9 91 Tasumnueuaseililddmiunis
vagaulsneningils Ussneuluing 3 diume 1. vuauABUNIA 2. WANWaaRn 3. adninden

Bfg
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ol

Ul 3.11 nueunsunIadmivinMsvagey

3.2 MINAEIUATA95ULSIDA (Test for Compressive Strength)

MMAdeuUMATULTPAD a1 ILnAeURINInSEIU ASTM C579 Nldnaaey
A1895ULII9NAT%SU Chemical-Resistant Mortars, Grouts, Monolithic Surfacings wa

Polymer Concretes

JURDUNIINAADUDNBNTLNIIN
1. wigndIulsznovdnendinivisaesnnd@i A B C= 21 1 1 15 anuiguén
gl
| 4 o @ @ o o = P
2. HEudIuUsENEU A kay B YNERAUIIENU WAARIUN 3.12 Arsiasainaulagly
< H [ 1 = = L L 2/ = o1 =1 & [Y]
anudiseuan (WiAy 400 sousauni) Wulhategaeties 1 uwaulpdiunadudiomenu

niuAes Y aunau C avluluvaeiidnansy aulanesanididedineaiuainaue

uaAnIFagU 3.13

P ' = a4 v o«
U7 3.12 uamsnsnauduUsEnau A uag B vesBRendini1
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o ' d a v o«
U 3.13 ugnesnisuauduUsEnau A B way C vasdioniinii

3. ussgaslunuunaeduiu 15 fregne ndslaniduludesiuvauniuas 3ald

]
=l

SionTnim adluussanunsmiwesriugiwuurde dagaseann 1 91 udlduriansesjs

wnsgunszialu 4 sousouay 8 asesalel 32 asanneluian 10 Junil uansdsgun 3.14

o v &

U7 3.14 msussydviendininyiaslunuunasfuaunageay

1= @ ﬂl ¥ =

4. Mndulddfondlunuuiivasauifyl Laznswaan 32 ase aelual 10 Juni

L
F7 7
@

Tasuvadu 4 soudulieiny waSaudlivanRaniiliiou werdsisliias s Wu 24 dalus

= = A

=] o 1 L 1 A | =l o
wirdaunzuvuiuvisinegdlulilunifioomgll Usvann 23+1.7 samaaidea uaninagud

% U

515

a v o«

JUT 3.15 us39dfionTiniviaduuUnas T IUNAE VLS
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v A s 1

5. AAEUMAWRTDEIBENBNY 24 Falus 2 Tu 5 U 7 U wag 14 Junuaiey

'
[

6. Unazifinfiianiioan Jomsszleifevzdedliimdnseuase winlamisaly
avavaisadndes Winuliizaumenszawseefanden alAwsersuseanniiuni
0.08 fiaduuns Wislulidwmesdeu newhdmediaudwageuldinvuiavtsin Anugs uay

Faimtinunidnagudaz oy warduinld

gilﬁ 3,16 TUNUNAFBUNIAITULSIER

7. MINAAIULYVINA28879 TALAULAS 09N UL UL TI0ABENIAU L ANDIUAT LV DES
h nmﬁﬁumﬂmiL%:ﬁ,ﬁl,mé’ﬂlumiaﬁaaehwuﬂixﬁamewéfaqagjﬂw‘[,u‘tfmam 20 - 80

=9 = s A
T UaneegUn 3.17

g‘dﬁ 3.17 LATDINAABUAIAISULTION

8. A&aSuLsSA (Compression Strength) vasdnandiniv awnsanildain

AUNITANIUANSITURSIOAINEFNNT 2.1 UM 2
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3.3 NSAADUAIASTULSIAY (Test for Tensile Strength)

ﬂ’]'ﬁVIﬂﬂE]Uﬂ']a\‘lTULkﬁﬂﬂ\iwaﬂaﬁaﬂml:ﬂ%’qﬁ QSWﬂﬂﬂUﬂqﬂJﬂqﬂiﬂqu ASTM C 307 'V]I“lj
NAADUANSISULTIASE1USU Chemical-Resistant Mortars, Grouts, Monolithic Surfacings

hae Polymer Concretes

] & = <
TUADUNISNAABUTUADUNSNAADUD RN
- | - - v v @ | dv a
1. wisudrulsenavudnandindvidnesnsidiu A:B: C=2:1: 15 AUNAN
LU
| o v v ) u P [ < s
2. waudluUseznau A wag B meaaudinleiu meeIaananlasldniiuisisausn
1 & 1 = = 1 o =1 | I d‘l’ = s 3 I
(LA 400 sousour?) Wunategntsy 1 winaulddunaududeeoniu 31ntudase
| Ao w ' 1 it /A A oo ") s
w dunan C adluluvaenimasnated aulauesamiiiledine fiumiae
3. Ussyadluluunaedu 15 dede Tegnsumhuulislanuiduisuie Tudes
) [V 12 & = [ A1 I P & v o 8 Y 1y
wuvawue aladnendiniim aslulnglidesaonusanalas Welfiumdddleiuilionalag
= a ) = é‘j 1 " = & (Y] [ o 17
29NLIIUTEUIM 6 — 9 AlANSY TIUIUFVADIASIADTDILUY TUUAILAUIDNUNANY Y TALY
In3eUAuANSEUIUNY mekssnaliildy 2 Alansy

4. dunulanegnmiunduivnamtsusunszanfanu1Uausenuuinuuull waanan

FNUANNTY WAL LIURNDIAIMIEISREIAUTURIUN 4

2
=

5. Ml 20-24 Wlue wandunsuuuiuisdied lulilunnisumgll Yssunw

U

23+1.7 29AWIANT U

5UM 3.18 Bununaaauiaeunsm

6. WaMagMadauangATUANABINITH 24 dalua 2 Yu 5 U 7 Yu way 14 Yu
AUFIAU waldledndlUdnIAsInadaU

7. Aadad1aMAaaunn1usl 5 89 6.4 mm/min Wananagun 3.19
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d | o s =
SUT 3.19 LASEIVAEDUAIAISULTIAY

u

8. AM&ISULTIR (Tensile Strength) vesdiianTinim awnsamlaain

AUNIT 2.2 NUNN 2

=

3.4 N1509NUUULATENATIINAGBULIINOUINgHEN

= ] 5

yanadaunsinauingilin Usznaudmediuusznavassdiulng v Aeuviugiusesiy

wazdrudumae Junsndidelafnuiinnsgiuvesyanageay Tundesidelaminnisesnuuy

U

wiusesdumudayaratuinsgay AREMA 2000 duiiaugideladinsieviussinseyinuuviu

7
s

as ./ | - aid o = o a ;23
sessumesziloudslinludiedud wazdunainnisaeniuuszuulensedrduiuldveaday

3.4.1 N3N UVTAINGDU

[P}

JUN 3.20 uanawuuresyavnaaulsinauingilda
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=

= ¥ o = I PV s 1 2/ o s
gidelavihnsesnuuuyavedeudadunviugiusesiufisesiudmduingd (swazidun

= s L3

fananslunianuan n) Findninaeinuunsgiu AREMA 2000 fladinnsfvuasiudande
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yield strength (3.1

ANUaeanY(S.F.) = _
von Mises stress
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a4 v ¢ s = {1 1 o
YoeBNonTNSM uarnanmveaeuwsouingildn vewmseunsunInfinuNIYeNte

4.1 WANIINAFDUANAIZULIIDN (Test for Compressive Strength)

Tnenansnaaauil IiemAasulsen (Compressive strength, s ) IneAIMINAIN

1 = ! & 1 ¥ a:i ¥ e o . = 1
AEeasanee Tiwn fiufindndniuuss (Cross section area, 4, %50 L, x L,) uagAilnan

naaau (Ultimate load, ) TagAuIAIinass unsenanmuduwus S = (W) AL, x L,)

1 o o/ Qs a o A
LEAINANITNAADULAZAINIAITULTIDA AT 4.1

A13199 4.1 HANISVAADULAEAINIAIT UL IDRTRsERanBn i

Specimen Cross section Weight Age Ultimate Compressive Average Compressive
Ko. area (rmm?) {ke} {days} load (ki) strensth (MPa} strength {MPa}
1 50.20x50.20 265.92 14851 58.93
2 50.40x50.20 266.65 1 14635 57.84 58.35
3 50.40x50.10 264.28 147.16 58.28
1 50.04x49.82 260.20 14879 59.68
2 50.10x50.50 267.12 2 138,61 54.78 58.17
3 50.10x50.12 268.07 453,82 60.06
1 50.18x49.80 260,30 150.85 60.36
2 48 84x49.94 257.16 5 153.56 62.96 60.92
3 49.82x50.20 259.16 148.63 55.43
1 50.00x50.06 263.29 172.20 68.80
2 49.42x50.00 258.83 7 164.33 66.50 67.70
5 49.50x50.40 260.89 170.48 67.79
1 49.62x50.40 260.87 178.76 T1.48
2 50.10x50.40 264.51 14 17467 69.18 69.85
2 50.36x50.32 261.51 174.58 68.89




33

v & ouuud‘ ]

o s s A 1 s =
anﬂm'ifmmwmaaumawuwmamﬁumﬁﬁaﬂfmﬂimmmaasuamwuaammazmn
A 1 s d! = ¥ | s o s él o 1
gaNN1InAaUYiU 58.35 Uay 69.85 MPa FANRTUN 1 way 14 TUAUAINU LWaLnan
mManazeulunsed 4.1 indannsnanuduRus sz s unsdaiuaIUl agiuan

massunsendiuunlduiiaiiufinainisuunieg Tuanuuzi@udunsa uannnsiv 4.1

ATIMLERIAIILEUNUSTEWINAIAIS ULSIDANULIAN
80

. [ —— I

60 c—

(MPa)
ob

o

ANA95ULIIDA

o

e (Day)

FUT 4.1 uanansmAuduius s Massanuna

4.2 WANSNAFDUNIAIZULIIAG (Tensile Strength)

o e o ==

laanan1snAdavil LNonIAIRIaI5ulsIRe (Tensile strength, S) TasA1uIIRNn
Afilmesaneg Tiua dufindifiniunse (Cross section area, 4. ¥50A1 bd ) wazAluan
naaau (Ultimate load, P) Tag@iunalanidedunssdausedeannanudunus S = P/bd

LARINANTSYAZDULAZANNAISTULSIAY A9n15199 4.2
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specimen Cross section Weight Age Ultimate load Tensile Average Tensite
No. area (mm?} (kg) {days} (ki) strength (MPa} strength {(MPa)
1 25.00x26.24 150.55 6.19 944
2 25.10x26.38 14788 1 6.51 9.86 9.6%
3 25.10x25.54 148.10 6.27 678
1 25.50x25.40 18947 4.24 6.55
2 25.60x25.70 15161 2 469 713 7.58
3 2530x25.84 15284 593 9.07
H 25.50x25.60 152.6% 8.72 13.36
2 26.00x26.60 14205 5 8.62 12.18 13.04
3 24.92x26.38 150.82 8.92 13.57
i 25.80x25.70 147.13 6.11 9.36
2 24.74x25.48 146,00 i 5.70 9.05 9.26
3 24,62x26.10 151.08 6.01 9.36
1 25.06x25.24 14872 6.69 10.58
2 25.32x25.96 151.70 14 591 .09 9.39
3 25.26x25.42 125.02 546 851

o o4 = a a4 v 1o W = & =
QWﬂm?'ﬁjQﬂ’]ﬁ%ﬂaaUﬂqaﬁiULLiQWQTaQaﬁE}ﬂﬁLﬂﬁqﬁﬂqﬂ?ﬂﬂiULLiﬂﬂﬁﬂﬁﬂﬂVIfﬁﬂLLﬁSlﬂﬂ

=

= | w 4 o Xod @ o o A o 1
NFANNINY 7.58 Lay 13.04 MPa 94LAedUy 2 kaY 5 TUATUAIAU LWaUIAINITNAGBUINN

A1571971 4.2 nEennsINAIILEITUS S ErI9RIaes UL IR ULIaI UL AL LATiuIn N a e uLLS S

Fafinnsundednluad uazusemslaaaes 14 Julszuin 10 MPa AuRANaIANLAATY

Waanannesesielunssutuaunaaauivuin fikdusngaunun 15Ut uIudmalinn

wARAINL ST LSS LIS UL SR U AU LTRSS UL IR UM RANa 1A NWLL LN

NSLALTUYEINS W BINARIFgUR 4.2
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4.3 Namwﬂaauuiﬁﬂauﬁ'ﬂqﬂﬁﬂ (Fastening Insert Test)

o =3 o b3 = el = = GI as
ﬂ"lTVlﬂﬁ’ﬂ‘ULL‘Nﬂ‘e]‘h!"JﬁlQE]QEJGWI’]ﬂ‘li‘VlﬂﬂE)UIﬂﬂﬂ’]ﬂ‘ﬂLL‘Nﬁﬁ 53.4 kN asgantnagganau

wuiunnwanafniiedlunuauneunio dsnsvndountadu 3 N3t uanIngm1s1en 4.3

a W =
M1519% 4.3 NﬁﬂTiV]ﬂﬁE]ULLiQQEU’JG]E]E]\‘IHﬂ

Test result Status
Age (Days) Load (kN) Remark
Crack | Noterack | Slip: | Not'slip| Pass | Not pass
53.4 / failure on dowel
Pre-rnaintenance

55.0 - - - - - - =

534 4 v / remain 3 minute
1

55.0 £ / /

534 / / # remain 3 minute
2

55.0 / / v 4
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ATARUIN A

Designation: C 307 - 03

L4

Standard Test Method for

1. Fayansnaaeurdsiuusidienaindmiausnsgiu ASTM C307

Tensile Strength of Chemical-Resistant Mortar, Grouts, and

Monolithic Surfacings®

Thas standed & semed wnder the fived destgnason € 30F, the nunber

T ol § ol =

the yew of

il ddogiion Sr o e dase of Bvisioe, the year of s roitin. A mumnber s m:mmﬁemdh@ mappeaal A
spemript epalius (o) indionies an ediiocidl dhange seoe e fan serision o mapproral

Thie snawlerd b bovw apyworid S e by apencler of the Teijxriment wf Lid o,

1. Scope

11 This fest method covers fie deennination of esile
strength of cured chenical-resistant matenals in the oo ol
molded briquets. These muaterials include pwrtars, brick st
tile grouts, mackimey srouts, and monelithic surficings. These
materials shall be based on mesin, silicate, silica, or sulfur

1.2 The valoss stited i incle poond umits are 1o be regarded
as the standard The values given in parentheses are for
insfenmation enly,

1.3 Thds standard docs not purport 1o addeess il of s
sy conderns, IF any associated with ity wee, By dhe
responsibifity af the wser of Biis srandard to exablish appro-
priak sgfety and fealth proctices and determing the applice
hilite of reguiarary limitations prior & we,

2. Referenced Documents

2.1 ASIM Sondards: 2

C 904 Tapminolopy Relating 10 Chemical-Resistant None

metallic Matesials

E4 Pradices for Ferce Verfication of Testing Machines
3. Terminology

3.1 Definitions:

3.1.1 For definitions of ferms wed in this o5 methed, see
Terminology C %4,

4, Significance and Use

4.1 It is recopeined that chemicakmsistant mortars, grouts,
and soonolithic surficiges ae not wsually under tansion when
ity service however, soch dam are wselul for pumosss of
determining the rate of cure and ofer propenies,

‘Mmm*m wodte He puisdiclion of ASTM Convmsee $OF o
Chea : icammac Mxeuiz md & he dwa mgpouibiy of
mm}mmmmm

Cumens adion wproved Ood 30, 2003 Prblshad Sovemiber 2603, Onginally
Mmimmmmwﬂ&i%mt%ﬁ

* fur miewwond ASTM sendieds, w3t the ASTM wetsine, weenastmog, o
ootact ASTM Customer Seros a2 seeevedmoeg, For Ammal Sook of ASIM
Samcard velvmwisdosason, sl % be ewebial's Dot Sossosy pae o8
e ASTM webeile

42 This test method is sl recommended for monars,
prouis, and monolithk surfacings containing aggregate groater
han ¥ in.

5, Apparatis

51 Meighing ifquaf shall be capable of weighing
materials or specimens to £0.3 % accurcy

52 Specimen Molds—The molds for making briguet st
specimens shall be sufficiently ngid o prevent deformation
dunng melding and shall be made of cormsionsesistant
axaterial, Gang molds, whens ssed, shall be of the type shown in
Fig 1. The Ginnsions of the biriguet molds shall be dhe width
o the mold, between inside fices, af waltline of twigua, | in,
The width and the depth of the briguet meld at the waist line
shall Be 1 i+ 0020 25mm = 05mm) The molds shall
sonforn 1o the dhinensions] reguirements shown 1o Fig. 2.

33 fguipment for Migng Muerials, shall consist of a
container of suitable sive, prefemnbly cormpsion msistand, and a
strong, shandy spatula, trowel, or mechanical mixer.

54 The following additional equipment is meguired Ror
sulfur ottars,

5S4 Meltng Chamber, of sulficiant volame and beat ca-
pacity fomel the mortar sample and mamtain e tempermiue
af fhe melt between 260 and 290°F (127 and 143%C) 2

542 Labaratory Mxer, of sich a fype amsd speed 10 be
capable of lifting the aggregate withoul beating ar int s
i,

343 Ladle, of sufficient capacity to compleiely pour one
Driguet.

55 Bating Machie, the festing machine shall be of any
type sufficient to provide the required load and the mte of
crosshead moversent proseribad, 1t shall have been verifiad 10
bave an sccumey of 1.0% or betier within 12 montls of the
timwe of use in accordance with Pradics E 4.

* e sode sounce of sugply of due Fomney capping coapowsd soslitng chamber,
Ml LA-D130, lnomwe 86 de ooevewiton 2 thix seme i Formey Todesie, lic,
1568 Bradvay Ave, Hemmare PA SGIE I you ae swxe of dionsiw
suspipli s, please pron e this ikl S %0 ASTM Headguuters. Your oo
Wi morive caddl cemimtos € 4 medng of e reponstie schial
coammitiee, whads you may avend

CoEpigie BAE M Henaitel WOBEY Hane D PO Sey O700, Wiek Corsfosaien, P WIGIE20EE Unind Sikee



FIG. 2 Briquot Spod

for Tensle Stren g Teat

56 Temsion Clips, tor bolding the tension 28t specimens,
shall be in sceondance widh Fig. 3

6. Test Specimens

51 Al specimens for asingle duonination shall e made
from a single mix comainisg sufficient amounts of the com-
popems in e propartions and in fie manner specified by fie
memufacturer of the maderials. B the proportions so specifisd
are by volime fre constituents shall be weighed and fie
somespanding propertions b weight shall be reponed.

6.1.1 Number of Specimens—Propare 4 minimum of 50X
briguet specimens for each makerial tested

62 Temperature,

621 Resin Silicate, and Sifica Materials—The standard
temperature of the materials, molds apparatis, and the ambient
temperature of the mbang area shall be 73 £ 4°F (23 & 2°C),
Record the actual temperatune.

622 Sulfur Mortars—The wmaterial shall be maintuined ot
275 + 15°F {135 = $°C). The femperature of the molds and
the ambient temperature of the mixing aea shall be 73 = 4°F
{23 £ 20 Recond the actal temperatuse.

63 Muolding fest Specimens:

631 Assemble md lubricate the mold by applyme a thin
il of an appropriate mold relesse or lubricant like silicone
stop-eock grease or petwleus jely.

632 Resin Siticore, ond Silica Materials—Mix a sufficient
amount of the components s the proportions and i the manner
specified by the mapufacturer of the muterials, Fill fhe molds
ome-half full. Remeve any entrapped air by using a astting and
stabbing motion with a spatuli or roundedend md. Fill the
remainder of the mold, working down into the previewsly

b |

307 - 03

placed porfion. Upon completion of the filling operations, the
tops of the speaimens should extend shightly above the fops of
the melds, When the molds have been filled, strike off the
exces maenal so that it & even with e top of the mold
Permit the material & momain in te mold st it bas set
sufficiently 1o allow renoval without danger of deformation or
breakage,

633 Silicate Materidls—Some silicates may reguine cov-
ering during the curing period. After removal Trom the molds,
avid-treat the specimens, iF required, in sccondance with 1he
recommendaiions given by the manufactiner. No ofher teat-
mment shall be permitied. Record the method of treatment in the
repont seetion under Conditioning Procedurs

6,34 Sulfir Mortars:

#4341 Asseinble the mold in 631, However, cover e
waist of te mold with a small lubricated plate

5342 Melt ot Teast 2.2 1b {10 kg ¥ of sulfur mortar in the
melt chamber in not more than | h. Hold the tempemture of e
et at T80 T5F for ot Jeast 15 min while stiring gently with
i laborateny mixer. {The mixer speed should be contralled so
st it is sufficiend to Tt the aggrese without beating ait into
the melt)

£343 Using the ladle, pour the molien sulfur mortar inte
both sides of the mold and puddle it to complately fill the space
wnder the plae. AMllow the plate, placed acmss the conter of the
mold, 1o remain in ploce for at least 15 min after the brigut has
been poured,

T Conditioning

T Resin, Sileats, and Slice Materloly—Age the fest
specimens for aperiod of sevendavs, including the e period
e mold & 73 =A4°F (33 = Y 16 a longer or shorier
conditioning period is wsed, the time shall be reponed,

T2 Sulfer Marerialy-—Before testing, condition fe speci-
mens &t 73 4F The time betueen casting w specitien wd
testing the speciten shall be of least 24 b

& Procedure

8.1 Muesurgment of Specimens--Measure the depth and the
wwitdth at e waist of each 4est specimen 1o (he poarest £ 002
i (05 ).

8.2 Tost the spechmens on the seventh day after prepamtion.
If desired, the condiionmg dme muy be lengthened or short-
ened 1o establish the age-strength relationship. Report the age
of the spicimens

£2.1 Sulfurmaterials may be testad 24 b afler prepamtion.

£3 Conter the specimens carefully in the clips of the wsting
mack e, Pull the specimens ata speed of 02040 023 infmin
{3 1o 6.4 mandinin) of erosshead movement peed of move.
ment when the maching is mnmng without a load).

9. Calenlations

91 Tensite Strengih—-The tensile stength b5 egual 1o the
stress calealated of makioum load. I s caleuland as follows:

8§ Pibd 1
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FIG, 3 Olips for Brigoet Towing Machines

§ = stress in e specimen 8t fre waist, psi (MPa),

# o= lead ot the moment of orack o break, 10F {8,

B = wadth af the waist of the briguet sled, in {mm), oxd
d = depth of briguet tested, 1, fmam),

10. Report
101 The repost shall indlude the following

a1 Mamsfacrer, product iade tame, and generic ype,

19.1.2 Mixing ratio, if applicable,

10.1.3 Congitioning prooedure,

1014 Test conditions fempetatore and humidit L
10.1.5 Total duration of condifoning i days, and

.16 Individual and averped results of tensile strength.

15 Precision and Blas

1H1 Precision and b for this test method have not been
established,

11.2 Test specimens that are manifestly faulty should be
repeched and not considered in daermining the tensile stenpth
Fowdweaks should be wmjected

L3 H any stromgth value diffors from the mean by more
than 15 %%, the farthest value from the mean shall be rejected
amd the mean reslorlied Repest the process antil all the
tested values aze within 1536 of fhe mean M less than
twordiinds of the values remain, the test shall be remn,

11 Keywords

121 chemical registant; groat; monolithic sufacing, mor-
far, tensile stength
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qﬁ 4 Designation: G 579 - 01

Standard Test Methods for

54

HNIVALLIATFIU ASTM C307

Compressive Strength of Chemical-Resistant Mortars,
Grouts, Monolithic Surfacings, and Polymer Concretes’

Thix standand i tweved wnd e sl dodgpation C37% e nmnber irmmedaady & 7 Wl

e yoar of

oegral adopion o, it fe swe of reviion, g yewr of s restsica. kmiﬁwﬁNHﬁemm’WW A
suparaipt aailon (o it as adieil Chanbe s e Tt Diviie oF regproVEL

Hde vivodond bes oo approved v s by agencie of the Dopavimens of Defbere.

1. Scope

1.1 These test methods cover the detenmination of the
compressive strength of chemical-resktnt mortas, gous,
monlithic sufacings, and polymer concretes. These maknials
may be hased on resin, silicak, siliea, or sulfis binders,

12 fest Mathod A outlines the testing procedun: genemily
wsd for systems contaiming aggrépate les than 0062500, (1.6
ma} in size. Test Mathod B covers the testing procedun
generally wsed for systems containing aggragate from 00625
o 04 in {16 to 10 mm) in size. Test Method £ i ased for
systems comtainipg apgregate larper than 04 in,

1.3 These wst methods provide two different methods for
controlling the testing rafe.

14 This sandard does por purport 1o address all of the
safery concerns, if owy associafed with ity we. dt is the
responsibdlity of the wser of this standovd to establish aopro-
priate safety and health practices and deermine the applica-
biliey of regulatory limitations prior 1o use,

1.5 The valpes stmed 1n inch-pound units are to be regarderd
a3 standard. Within this ted, the S units shown in parenficses
are provided for infomation enly.

2. Refercaced Docaments

21 ASTM Standarde:

C 470 Specifieation for Molds for Fonning Concrete Test
Cylinders Vesionlly®

CH04 Tenminology Relating to Chamical-Resitut Non-
mewllic Materials®

E 4 Practices for Force Verification of Testing Madines®

3, Terminology
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4. Significance and Use

41 These test methods offer 2 means of detemmining e
ompressive strength of demical-resistant morars, gouts,
monelithie surfacings, and polymer coneretes,
£ Apparatus

31 Eguipmens, capable of weighing mateniak or specimens
#0203 9% accuracy.

82 Specimen Moldy.

S2.1 Bsr Merthod Ao These molds shall be right oylinder |
* Mo i (25 & OF mam) in diameter by 1 = Yo in. high. The
molds may be consirueed in agy memper et will albw
formatian of a test specimen of the desied siae. Typical molds
oopsist of @ Ldn thick, flat plastic sheet in which l-in.
diameter, smooth-sided boles lave been cint, and to the botiom
of which 8 %ein (Ganm) thick, fAat plastic sheet (without
matehing hoks) i3 atached by means of sorews or bolts,
Altemately, the molds may eonsist of seetions of ound plastic
shing or pipe, T-in inside diameter and 1 in. long, having
sufficient wall thickness 1o be rigid and retain dimensional
stability during the malding opemtion, and a YW-in. thick, flat
plastic sheet on which one open end of each section can be
rested . With the Jatter style af maold, the tubing segment may be
sealed witha material, suh as coulking compoid or stopock
grease. For mest tvpes of specimens it is satisfaciory 1o simply
senl ane end of fe twhing segment with masking tape.

Haw {--For wmewith mifo mortars an addisonal piece of flat plasin
sheet o lodm Y4 o 3 ) Sck conmming & Ve, (Saoimj hole and %
section of plastic wibing or pipe 1dm. (25 mm) i dismers by § in high
o roguied They are used w form & paireg gate snd reseevor in the
srepaainn of sulfie mons specimens.

S22 Tst Mothod Bow Molds for the 2 in. (50 mum) cube
specimens shall be aght ffting and leakproof. The melds shall
have ol more thin thiee cube compartnents and shall be
separable inte ol more than thee parts. The pans of te
smelds, whien asembled, shall be positively beld topether. The
molds shall be made of materials sot athcked by the produwdt
being westad, The sides of the molds shall be sulficently rigid
1o prevent spreading of waiping. T wtenor faces of the
molds shall be manufactiored © ensue plane surfaces with a
pemmissible variation of G002 in (005 mm) The dstamss
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bebween opposite faces shall be 2 = Ve in {50 = 0.8 mm ) The
height of the molds, measured separately for cach cube
compartment, shall be 2 £ Y in, The angle batween adjacent
inferir faces and between intenior faces and top and battom
planes of the mold shall be 83 = 0.5 measured at points
slightly rersoved from (he intersection of the laces,

523 Test Method (' Molkds shall be right oylinders made
of heavy page metl o ower rigid sonabsorbent material, The
gﬂwmmwmmmm four times the nominal
T aggregale sire i fhe peie The minism oy lnde
diameter shall be 2 in (30 mm ) The ovlinder height shall be
T fimes the dimmeter. The plane of the rin of the mold shall
be at right angles to the was within 0.5°. The meld shall beat
right angles ® the axis within 0.5% The moM shall not vary
Troms ibe preseribead dameter by mone dan Yie i {15 mom) sor
Trom the presoribed height by more than ¥ i (3 ). Molds
shall be previdad with a flal beee plate with a means for
securing it to the mold at a tight angle 1o the axis of the
evlinder in the instnee of musable menl molds. For molds
odber e metal, g mecharienly atached smooth flar meral or
inegrally molded fla botions of dhe same material, a5 the sides
sheall be wsed. Sinplevse molds shall confors to Specification
470

bore 2 The maderial from whdch $ie mold b comsnsied mog b
chemnically inest and heve seitide poperties. Polyesindens, polyprcpy-
3«:» mhmﬁmmym A, metad fomns having sither & sfored

g of ry or & sudwble reloase agenn copaitic with
the materisl bedng tested sre stisfactony. Because of ey superior hest
pesdatsnoe, ondy GBurociiorondiylene and {ebafluoroeiintoene mold me-
eane ageaty. shardd Be twsed with sulfie msteriak

53 The festing mackine may be of any type of sulficient
eapacity which will provide the rates of leading presoribad. It
shall have been verified 1o have an ascursey of 1.0 %, or better,
within twelve montls of the time of e in accordance with
Practioes E 4. The testing maching shall be aquipped with two
stee] bearing blocks with hudened faces, one of which is a
spherically sealed block hat will bear o thetap bearing plate,
and the other a plair rigid hlock tat will support the bottorn
bensing plate. The dinmeter of the: sphierical bearing bleck shall
be w lenst 75 % of the width of the speamen. The bearing
faces shall ot dopart Froen o plane by mese than G001 b
{008 min) in dny Gein, {1 50-man) dismeter cirge.

6. Test Spechmens

6.1 Make all specimens for a single defermination from a
single mix.

62 Rost Muthod A— Prepare 1est specimons 16 be used in
acoordance with Test Metbod A s deseribed in 65, Test
specimens shall be rght eylinders 1+ %, = e i
{25 +08, — 1.6 man) bt diameter by 1 = Visin (25 2 1.6 i)
Bigh, I the faces of fhe specimen we not flat, smooth, amd
nomnal to the cyvlinder axis, they may be snded, ground, or
machined tospecification. Exercisecare that the Fictional heat
diveloped during such operations docs mot damage the speck

T,

63 st Method B— Propare test specimens to be used in
acoordance with Test Method B oas descnbed in 65 Test
specimens shall be cubes with dimensions of 2+ Vs, — ¥ in.
(50415 30 mm) I the faws of the cube ae sot Ha,

smoeth, and normal to cach other, they may be sanded, ground,

or nachined to specification. Exencise care that fhe frictiona

heat developed durmg such operations docs not damage fhe
TS,

64 Towr Merhod T Prepare test spacimens 1o be vsed in
accordance with Test Mathod O as dosoribed in 6.6,

641 Do pot 1est specimens if any individual diameter of a
ey linder differs Trom any other diameter of the saume oylinder
by more than 2%

642 Neither end of compressive test specimens, when
tested, shall depant from perpendicular 1o the axis by mrore than
0.5° Gapproximately equivalent o Yin in 12 i1 {3 me in 300
). Cap the ends of compression test specimens that are pot
flat within 0.002 in {005 mn) in acoordance with 6.6, saved
of ground, Determine the diameter wed for caledlating e
crosg=sectional arsa of the test specimen o the searest 001 .
025wy by averaging two diameters mensured at night
angles 1o each other ot about mid-deight of the specimen.

6.5 Spectnen Preparaton for Test Methods A and B,

651 Resin, Silivote, and Sitica Materials—Mix a sulficiest
amount of the components in fie proportions and in the manner
specified by the mapufactiurer of the materials. Fill fie molds
pne-dalf full. Remvove any entrapped air by using a cutting and
siabbing motion with a spatdla or mundedand red. Fill fhe
mmaindy of the mold, workisg down inte the previeusly
placed portion. Upon completion of the filling epemtion, fie
tops of the specimens should extend slightly sbove e tops of
fhe malds. When ihe mokis bave been filled, strike off he
exopss material, even with the fop of the mold. Pamit he
aterial ta remain in the mold wotil i b set sufficiently 10
allow remeval withowt danger of defommation or reakage,

65 11 Silicete Moterfals—=Son siliates may requine oo
ering duning e coring period. After removal from the molds,
acidetrogt the specimens, if Tequired, in agcondanee with fe
recormnendations given by the mamifacturer, Mo other reat-
ment shall be permitted Record the mathed of treatment in
Q1K

652 Sulfir Maerialy

65 21 Sulfir Mortarg— Slowly anelt 2 minimum of 2 1b
(900 g) of the material ina suitable container at a temperaiure
of 265 10 290°F {130 10 14.5°C) with constant agitation, Stir to
1ift and blensd the aggrepate withowt baating air into the melt,
Place the piese of plastic sheet containing the Viin, (S-mm)
ropnd hole over the open face of the meld with the hole
centered on the face. On opof fie pisce of plastic sheet and
surrounding the hole, place a section of plastic tubing or ppe
Uoim €25 pamyode diameter by 1 oin. high Pour the melid
materia] firough the hole into fie mold and continue to powr
until fhse section of tubing or pipe is completely filled The
excess materind vortained in the hole i the plastic shed aets as
4 reservoir 1o compensats for shrinkage of the makeral during
copling.

6522 Allow dhe specimen to remain in the mold unil it
has completely solidified. Upon removal, file, gnnd, or sand
ihe strface flush, removing the exoess material remaining at
the pounng gate.

63 2.3 Sulfir Concrete-~ Heat and mix a sufficient amount
of ageregate components axd sulfir coment in the proporions
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and in fie manner spacified by the manufacheer 10 3 tempers
ture of 265 to 2%0°F {130 to 145°C) Fill the awlds one-half
full. Rod 25 {mes using a munded %4-m. {15mm) diamela
rod. Distribute the strokes wniformly over the aross section of
the mold. Repeat with two add itional portions allowing the rod
to penetrate about ¥ i (12 mo) inte the undedving laver
Afer conselidation, the tops of fe specimens should extend
slightly above the fops of the molds. Finish the top surface by
striking off the excess material even with fie bp of the mwld
Permit the material ® remain in the mold wntil i e cooled
siificienty to allow removal without danger of deflommation or
brenkage.

633 Number of Test Specimens-Prepare six {68t speci
mvens for ench material formulation.

66 Specimen Prsparation for Test Method Co-Prepate
specimens it svcordance with 5.5 with the lellowng addifional
cons Karations:

661 Use of vibraters is generally not reuired For sulfer
congrse bl may be requirad for other mateniasks using Test
Meahod € The type and method of vibrating will be as
recomanended by the manufactirer and shall bespecified inthe
fest repont.

8582 Fitling and Capping For Cylingeical Resin, Silica, and
Silfeate Specimensy—The top layer may be filled 1o slightly
below fhe 1op edge of the mold except for sulfier materials, For
sulfar materials, 1 slighily above the top edge ad strike off
flush with the top edge. The fop surface of the specimen shall
be firished as much a5 practicable to a plane perpendicelr 0
the axis of the specimen. The flamess of the fnished specimen
shall be within 0.010 i {025 mm) Specimens exceeding this
folerance shall be machined flat or @ capping compound shall
b applied if the test Toad is 10 be applied {0 the sudaee,

6621 Capping, if used, shall be made as thinas practicable
and shall be applisd before emoval of the polymer conarale
from the molds,

6622 I polymer paste of momar is used for capping, itis
preferable that the polvimer used bedhe same as e vne used 1o
make the specimen. Fillers vsed may be the fine portion used
in the polviner conerete or another mineral povder.

6623 For capping in: the mold, a suitible capping com-
pound may be made froma palymer mortar, The surface of the
palymer goncmete shall be wiped of aftec hardening, and a
polymer morar or polymer paste with suitabile filkers shall be
deposited and pressed down uniformly © the top odge of the
mold with a capping plate. I order to provest the capping plate
from bending 1o the paske or montar, fie undemide of the
capping plate shall be covered witha releise agent,

6624 For capping afier mold emoval, suff polymer paste
or morir or a lowsmelting-point alloy for capping shall be
wsed. A suitable apparatus to maistuin pamild ends on the
specimens shall be wsed.

Nots Be-Amry capping composnd o be wied with polymer comcrede
shoatd be vaited o asceriam that s srenigeh 18 igh anough fo prevest
premaire faliee o fe cap when Bsdng B high compresuve skengh
pehvmes soncretes. Cap fadlors may maal?in sibstagially kyeer oompres
Fivi Hoengih rew

7. Conditioning
7.1 Besm and Silica Materials—Age e wst spoaimens in

air ai TIF £ 4°F {Z3°C = 2%C) for a period of seven days,
including he time in the mold before testing.

T2 Sificaske Mewricls—Follow the sime procedire as given
in 7.1, the only exeeption being that the relative humidity of the
surpunding wr must be kept below B0%.

73 Sulfur Marertal— Age the test specimens in air af 73°F
* 4°F for at lesst 24 b incliding the fime in the maold, befive
testing,

. Provedure

81 Measprement of Specimens:

B11 Jes Merhod A and Test Method (—Immediately
following the conditioning period, measun: the dameter of all
tost specimens 1o the nearest 0001 in. (00254 mm), wing a
micrometer. Make two measurements at right angles to each
other at mid-height and record the diameter as the average of
the twa,

8111 Bnmediakly after messwring, procead to ot &
described in 82,

812 Bsr Mpthod B— Tmmediately following the condi-
tioning parid, measure the coss-sectional dimensions of all
st specimens o e neamst 0001 in 23 pm) wing 2
micrometer. Take twe measurements for each dimersion o
midheight and perpendicular to the Joad axis and average
e

B12.) Tmmediakly afler messuring, procesd 10 fest &
deseribed in 82

2 Compression Testing:

§2.1 Compression dests shall be porformed at 73 = 4°F

BI2 Placing e Specimen—Place the bearing block, with
its hawdened foce up, on Uk wble or platen of fhe testing
machine directly under the sphenically seated {upper) bearing
block, Wipe clean the bearng faces of the upper and lower
bearing blocks and of the st specmen and place the test
specimen on the lows baringblodk . As $ie sphenically seated
black is brought 1o hear on the specimen, otate it movable
portion gently by inndw that unitoroy seating is obtamed.

823 Bude of

8231 Jowd Raw imAmly the load contipuously and
withott sheek Tost at o rale of S00 psidaig (41 MPalmin)
Mok no adjustnan in the tontole of the testing madine
while a specimen is mpidly yielding, mmediatdy before
failaee.

8233 load Rue f-Sea the testmg maching to a cmss-
fread spead of 0.1 10 8125 0 /min tmes e specimen height in
inches (0.1 to 0125 crv/min times the specimen beight in
centimedres) when the maching is rusning without load,

RS- The above meshods of conroll ng mach e crossbesd rame are

ot ideitical and ey produce diffesent ¢ dive sreapd valies.
824 Lemd the test spaamen o falure and mcord the
s b doad (08
83 Cafenlation,

B3 Tear Meghod A and Test Medod O
£3.1.1 Caleulate compressive stespthis) s folkows:

§ = (4= % DY (L

whers
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= gompressive strength, pei (MPa),
= gnaxisain Joad, Ib (N}, and
= diametr measured in 11, in (mm).

B32T Tewr Methaod 8.
$3.2.1 Calowlate compressive strangth(s) as follows:

5
w
o

5o Y K Ly (2
where:
i = comprassive strength, psi (MPa),
W = maximam lead, 1b{N), and
Lyand Ly  # crosssection dimensions of cube memsured
in .12, in. (mm).
9. Report

9.1 Repert the following information:

211 Complete material identification, date,

9.1.2 Mixing ratio,

913 Use af Test Method A, Test Medhod B, or Test Mathod
C,

SLA1 Useof Lond Rate T or 11

9.1.4 Capping material and method, if used,

915 Specimen dimensions,

916 Description of failure incleding type of failure, ap-
pearance of specimen, and whelber aggregate wis fractured,

917 Defects in spacimens,

218 Conditioning procedure,

919 Test conditions {lemperature and humidity),

9110 Leading rate,

210 Macenue lead indicated by testing mochine, and
2112 Individual and avemge compressive strangth values.

1. Precision ami Bias

1] Test specimens that are manifestly faulty should be
rejected and not considered in delermining the compressive
strength

162 Hany strength valueds) differs From the mean by more
than 15 %, the value fasthest from the mean shall be rejected
ant the mean merloulated. I any valveds) still differs from Be
new mean by more than 15 %, the fankest value should again
be rejectad and the menn recalealated, 1 any value(s) remaing
15 % from the mesn, the et should be rerun.

Il Keywords

Tl brick portars, chemical-resistant; comgressive
strength; machinery gouts; monolithic surfacings, polymer
oomerete; resin materials; silicate makerils; sulfir materials;
fike gruts
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3. Tayansnaaeuusnauingieda AuL1nsgIu AREMA 2000 Chapter 30 Part 12

Concrete Ties

12.9.1.8 Bond Development, Tendon Anchorage, and Ultimate Load Test

a. Pretensioned concrete ties shall be tested for bond developme nt, and ultimate strength as specified
below:

(1) With the tie supported and loaded at rail seat A as shown in Figure 1-8, a load increasing at a rate
not greater than 5 kips (22 kN) per mirmt e shall be applied uritil a total load of 1.5P is obtained (the
load P shall be as determined in “Rail Seat Vertical Load Test" for positive moment).

2) If there is no more than 0.001 inch (0.025 mm) tendon slippage determined by an extensometer
reading to Y10p00 of anindi (Y400 mm), the requirements of this test will have been met. The
measurement shall be made on the outermost tendons of the lower layer, The load shall then be

increased until ultimate failure ocours and the m aximum load obtained shall be recarded.
¢ surrorr P ¢ row & SUPPORT
I I

307 (762 mwm} | 307 (762 wn)

{76 o) ! {78 Him)
3 il F"x I/ (25.4% 127 wem) WIDTH

OF TIE RUBBER SUFFORT

{50 DUROMETER A SCALE)

~'1, \\ §

[

THE FOLLOWING FORMULA SHALL RE . .
U'SED 70 DETERMINE THE VALUE OF P 27x 1" {508 5 254 wan) WIDTH OF TIE
RUBBER SUPPORT (3¢ DUROMETER A SCALE)

2'M
27" (or 686 mm)
M = POSITIVE MOMENT AT THE CENTER OF THE TIE AS REQUIRED IN ARTICLE 12.4.1

P=

Figure 1-10. Tle Center Positive Moment Test

b. Post-tensioned conerete ties shall be tested for tendon anchomge and ultimate stren gth as specified
below:

‘With the tie supported and loaded as shown in Figure 1-8, a load increasing at a mte not greater than 5

kips (22 kN) per minute shall be applied until a total load equal to 1.5P is obtained. If the tie can support

this load for a period of 5 minutes, the requirem ents of this test will have been met. The load shall then

be increasad until ultimate failure of the tie occurs, and the maximum load obtained shall be recarded.
12.9.1.9 Fastening Insert Test

Fastening inserts shall be subjected to a pull-out test anda torque test as follows:

© 2000, Amarican Ralway Engnesrng and Mahisnanos-of Wiy A ssoc lstion
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Concrete Ties

a. The pull-out test shall performed on each insert as shown on Figure 1-11. An axial loadof 12 kips
(53.4 kN) shall be applied to each insert separately and held for not less than 3 minutes, during which
time an inspection shall be made to determine if there is any slippage of the insert or any cracking of the
concrete.

NOTE: Mortar cracking in the vicinity of the insert is not a cause for failure. If faillures occur, then the
requirem ents of this test will not have been met. Inability of the insert itself to resist the 12
kips (63.4 kN) load without permanent deformation shall also constitute failure of this test.

& roan

* P =12 KIPS (53.3 kN)
|
|

SUPFORT TO BE SEATED IN I"'-'_I'_bl

HYDROCAL, HYDROSTONE OR
OTHER MATERIAL AFFROVED I 8 re

FY THE ENGINEER 20N o) (300 mw) | / STEEL BAR

/ g
TN 0
cowcrere | I

ne » s .

INSERT

Figure 1-11. Insert Pullout Test

b. Following successful completion of the insert pull-out test, the torque test shall be performed on each
insert, A torque of 260 fi-lbarema (339 N *m) shall be applied about the vertical exis of the insert by
means of a calibrated torqu e wrench and a suitahle attachment to the insert. The torque shall be held for
not less than 3 minutes. Ability of the insert to resist this torque without rotation, cracking of the
canerete, ar permanent deformation shall constitute passage of this test.

12.9.1.10 Fastening Uplift Test

a. An18 to20inches (48) mm - 510 mm ) piece of the proper section of rail shall be secured to one rail seat
using a complete rail fastening assembly, including pads, bolts, elips and associated hardware, as
recommended by the manufacturer of the rail fastenin g system. In accordance with the loading diagram
in Figure 1-12 an incremental load shall be applied to the mil. The load P imeasured load plus
unsupported tie weight plus frame weight) at which separation of the mail from pad or pad from il seat
occurs (whichever oceurs first) shall be recorded.!

b. The loadshall then be completely releassd. A load of 1.5P not to exceed 10 kips (44.5 kN) ghall then be
applied The inserts shall not pull out or loosen in the conerete and no component of fastening system
shall fracture nor shall the rail be rel sased.

4 *p* ghall not excend 10 kips (44,5 kN).
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