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BOEAE RIS a EAMBAEREIA o FRAIHHARR
Wk 417 ©

% 4.1 #RAMHARRE

R 3] 0%
LA Mg % (Viny] synthetic Liquid) 30%
% FAC 85 R (Aromatic Hydrocarbon Solvent) 70%
sh 0 S ER LS
¢ #(20C) 0.87~0.91
e 12 %G MW 15~18%
* X Li5 185° FA L
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5.

SRR E

(1) TTREIHAE | RGEGRIARHAETRAY Y >
EAMBAK > RARZEI T FHEZIRR

(2) BT AR GBRAZCCATH » REH A HKATRK
G RARERIMERS ©

(3) WGEE~ RERNERE » LIEHY > FRAWL ~ £ 3]
A E 2

AR IR A& R B ARHE

(1) ARFEVHNA > KMAARRFETF FRBAZAE o

(2) MEKRS > 4%~ BEFRRK o

() HABZRIL > TAARMKAHRE o

(4) &~ RARMERFERE > REERGASL GRLB 0%
BARSh > QARBRGR Y RRERA —FF o

Tl R Iy B P AT X H A

(1) AHFBBFARE > REAKL200XT/FFXPHEZ R TR
BEH o

(2) BA @A > HRRFREERS o

(3) RRBRBEZ AR > THEMM » Lot FH RS S0H

o

o o

(1) ATHRARTY P 5 HMERBRHHER( F—FFF AR
ESHB—k)

(2) WBRE VM —RERBRFEHBE > FRAENRED (&
®H) WX LRIERERESK > RGO R ES XL T34
W AHTHERER




3

KB RN BB IAABEIAR . AE— k% B#%—8
REF-RHREDIATIHELR » LMo (Fth—
REBIHBEFIRRRESATEBANITHRE o)

6. WIFAAERIN > HHMERNY—FE 22E

7. BB IAMALNA -

(1)

(2)

3

R KA o R R W B T 746 5T S A 48 o

D@ 5 35 2 3] I8 o

QFAFERRE

OF- PPN & J-F X

@&t — WA HRHER o

QEARARARARN A ARFEHA( EEBRRN > B
B R A4 w9 s BEARAF) ©

ORBMH A RREHE% RAALEFYARLE—F( F
AEZE % AM) ROBHAAHABEGIALZE FH5L
RALBAZTIRUER » #8487 F RicikE o

HLG AR .

Qw36 T B A% o

QAL B BRI H XA LERTXE T F G HH
T RPAFILET » FRMF F THABAR R REE
By B B ATHL o

IAZHIR :

OB M : 4R F 5 i ke # 22 o
QadTH : THRANTZ AR BIEEREL o
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(4) H&EFX : RBMK » HIRERM K o

(5) ABREESUHREHELMRBRER o

(6) KBAERTHATRAABINRBTY FHAE > ERMGE
RBBHTH > AT EAREIGET F kA METE

i

(Z)EAAED R LR TAEK
1. BEARHE T B AR 3% 3t B 7 7 AR AR 48 7 M o
2. B L EHRIABMME > BT ERLE o ‘
3. AEANBRABEH LN > RARACEGEE LA —RELBE
F# o
4, HEHFLLBBEF THAE SR o
5, IRNBEBATRFEN 3°C X & 40° Co

(W) RARRAZ 36 T HE
BRARBIRRZA LT F AT ERANEREIE > illde T

1. EAE I HHBFRBELBGHARBE > PR IZGE AL BA

¥ o> AT F BT !

(1) B@mehgRfRBELo

(2) - #0 M B BT 8 H AR o

(3) M&EINF/ATAIT R E 4 » BFREH 2 ¥ i o .

(4) ARNEMBMRAIBRBE LG R DGR BRALE —%
HRERL 1022 RI528) 1208 KAk SlmEg
AR EGFETHAE > FERFIHFRA%ET o

(5) RIRFREBTAFLHEF XA > 4L BBERAKS
MR ER o

(6) TR MAR GBI §RZE I M5 RA IR S — 5 RAR
@ o
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9. AERE OB R 2R R AR L K KRR B 3 & A R 1R
» RA B QA AEA KT o KA T TR T !

(1) A% RIBGEH KR A Te M 2% & 4 i o

(2) BRI AITHRE  RFREH I AL KW o

(3) PATRBAMAE T A ERRENS > "RIBE > RERBFHIE (
#1548 M) o

(4) AR GHRBHRB BB LGI R JGRERAA —K
B R R (022 K1520) 1208 KA hk > 33U &
MR LRGeTHAE s RARFIHFKXET » 2FEFRE
T AF TR R o HH4E 5 BRBRAF M RE
@ )

(5) VABLRHAR 2007 (90,72 ) A L EHK » FRAETIR
8 AR R R RATRA R RS E > ARFRE ©

()% %1% 3246 T A

1. BEEM  BE LR ERCRAA ey ~ KRB~ WAE ~ e R

RemnH  ~ REFKREF > ALFT !

(1) %@ R4k A %4t A (R4 A B8 KK) » AR J B R
MHHMREGEHZAMRY » RHAIFHMRBRALE 1.5
24k o

(2) B RARHHFIRE - BRIRM > R R &Ry ~ R
B RR A A ek o REBAY » FR|AK & FH

(3) duA i hg > RAT b ig 2 A » A RFBEMZIHH T A
W e

9. ABEZAM I RREF ARG AR EREXE -
AT 5] 7 R it .
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(1) RARRBEY (B o
(2) PARYJE G B AR 3K T P M 2 34 o
(3) BikiBAZ b E @ Ao ik — B 3k Tk KA o

BB D ERBEA 15 AN RNIHES > A
BTRFFRAMZ
(1) B4R H AN 5 RIRH 15° (~29° CLEA o i
(2) #BARA M ko EAGH > EHEKRM A R B R ] K]
BALMEF SRS AR c ARV FEABREA G &
WEHES BB L o
(3) THBEBLMERIL » BRKILTHE » XARBAT LR
ERDHR > RIRHEZBRT AL > FEERA o

. RAER:

(1) HAAHIIFABEAS G LA M L2 EIER
% EARGCHE R A RE > AR BT AR A B AR v ] o
E-BRRAERABLEFAEHE 20 £ J0AL o

(2) RERBHB; BT RAMARE FTIMER G2 E > 3t
AFHREIBEMHGRZE LR E > FIFAR 1250

Q) —AAXEXRETRIREAR » ABGREBELE > B
RIFI0D A ERETE RS LRI E T o 1B A% 2 4 —
A RRAAHRRSR o

(4) RARFRFELE > A GIRERBERE » S T8
46 At P AR 2 o




(5) RARBENFELEF > REMB G RBEmE » EALELH
T 1% 36 At PR 23l & o
i
5. %@kt~ KLHIRA A RAR R TR ALY
(1) Al KA R R B R4 T 71464 > 46T £ A fR4% o
Dk %35 2 3] R o
QB A FEBEHE o
Qe EAr AR
DR —H# s RAES o
O rmEIE K LA L > R 4 ( - A
E F OAM) AYAKOCBRELREIAE - KLHEE
FUVA L o WP TR T 3 BT R R AeRkE 0 (%%
2RAELEAA I ARERERAEFAER S
MEAZBMAR  BEZFREBLHAN A AT ELE R
)o
(2) T FARRE :
Qw6 B 77 o
QL > WEHRRRALH > KRMBEET » X FF Y
o REPAPILAET » BRF F TIRMA R R R FAR
WA > R BEATHRT ) BT URTLE o
(3) A&k :
QMm% : ¢ A o
QadTANE RAMLIZAL MEBERTIo
(4) REHREZEFR .
OAMHERL+RREAFEL—BRER » 2 DR IR
EVMWM-RATHRBYE > Eb— M > B
i 0 T L MRIA R B A A 3T 0 Shda bRk
HERLEARIAZEA > RFHHY o
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QAL A2 T PHAERFT » HARH A TXMERAE FH o o
M TEBFGEMNE > ARG FH TG ARHHE > L&
A B

@A LA H R RAH ko B OK
a. AERIREA RLRARE (SHRARRAZRE

BB~ 2>RBER S RAFEN s ARKZLHR LA
) 2
b, #AZ R R4 SERE X BRFE » LERRIRPERR
ARG RFERICHN > ERER ~ 2B R M HY
% B T R ©
c.ARBRAIRZRTIH]R » Bl —Rikvk» BRFAITRE
HRERE BRAF RN EH Bl THARAR » AR EH

OF S ol VEE T EDE TN

a. AREIHBEEE I 22%E (LA FER - R4
G- LBRM- 2RFREBRAGRLAF) A THK
MARRBAIRLERX > R ER— IR o

b AF e > SRR R AR ¥k RHEBERELIRR
BRBAMERIT R (H)RGET o

c IR F AR M BATHKE > R TR EAETRY

o

d.ALFHRABEIHRACEARIERN > KA o
(5) AEMHBRABARAEFWw I REAACHE > BEHBT K
ARBERALEHEARIEAN > TAHHM » mHE—RBRA




B RAE—BRB &% T A% > RIFATAZR B R E MR
(6) ATALM A Mide £ 0 & > 6T A RM L 2 R B
XHEFEBTHRIETHL o

(FR)RAFRELRIZRZATHRE

1. AR B A R o

2. XBEEHET > RARFGHE TR EARMA B8 22 05830
3% o

3. RBELBER > RAviEdh > ERLEHTF o

4, HIEF > KEH AR BRGH T I > du § 50 K 9 16 83T A £
ARG > AR E &k o

5, TAAMAVAR LAS@ILRE o
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4.2 FRBEHR

REBNRZE > BLEEITHFTAETEL > RE AR BB S F R4
ik AL R AR o

WAREFARIRAIH G ERREINY » BARRRS MY £
CESSE L VTIPS VE Y TP ER S Y VDY S BT Y
SR LT o ARG TAE L o o R AL R A 2 T
EIE » 4R JARFE R ATHG KAt 0

—REBARRLI A RO AT RA .

()BT H  RRERGEH > RECHERBEGIHREBART > HES
HREHH > RKE EHBI% o
(Z)#xal agEHEx4Fo
(Z) &R FR R RRG > R EH > BBET RS EREB - 2wmER I
s AR EIRA o ROHRABEZF o
(W) B 4 46 - Fedd SR TR A B35 2 4 % o
(E)RAAEZAEE | BERGAREL  THAREE AR FRNHRZLF o
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RGMERETTARRRR

(T)RERRRARCETTE > RATFAmARE o REIER » RIARMBAR
Z oA ERETF o

(Z)BERKLGEERTRE > BV ET LR AR BB ERHE o BALE
R ARAAEATR M R LG AR EEL R R o

(Z) # A TAERAR T AR B A R0 338 TALEAT » (Rl 38 WS 34 4
HABAZIEG o

(W) EREEE XSGR > RBFRAEFH A THAZEZHH A SR ET
BE o \RKRS THRIXEIAE o

(B)E@IREN > REZHFRRLAMEELERA ERG L o BRI
WHRLIER HBREAMEFATFTAFR > EHE L AW wIEZ X
71 o B mAREERE o TARMIRA o

GR)B@ LR RERAIERG  REABEFTXTAER > R BHEBARK
SR & o

() % m AR SR 1% > JLEDE 5054 Lo > RATEH o Bt T FIHhUw
» VP T A o
1. FRARRARE 40 2RABE 8MEA LF o
2. —BURSR EZ R AR o 4 w18k L% KR K K E o
3. MBE L BAFRABEMERB LR FTAAREZIEHE o

() 3% 4 i v GH 43 B > IR R A T B M3 R EHEH o

()R EHHET KIS > RBFRAETEE T AGTERRZEH
W > AR T e S L o
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(1) 5 FEHE (7)) RREE KA B > REF LM AR RTA

RAN T Bk o

(+—) AR EEBIEGEN » ZRAAAIIRG > RT A BFERRMER
s BFALTAER

(to) g TR KRB I > HBEFRZ T o LIREIAHAT
S RAPEREHELRF 0 (PG R g~ ATAFARBLE ~ Rk
BHEARMRGELE) > FTAGE o ARBFRAALREFBIRS
BB > R B AR A AR RS ©

(FE)%@i%ie ~ RASRRARBCREN T ARk > FHREERTG @ E 6
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A A £ R 04 X ARE C RRERI = RH > AR A TR
FEAHHAA T I RBRGIGmARER c AN B A B BRGI L~ ERARS
B A o RIBASHHEIMA R EE ~ B AL TRA NI MRE et
A A AT 0 BEEI K > AEAERA X SF o REXTH A ERH BB
ST~ F P A M A ARG 0 @ A ] b SR 33 X W 4] O B kA Mk
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Mok =~ BB KARE ONS 4342 8 RBARE 24 A 3 3 sk
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UDC 667.633:656.05
LE|ETgiatid jEsEl] 3 3 3

\’\ \‘x
CNS i . B Myk(K2031

Traffic Paints

L AEE  AREE AR HREKERERR  ERETENAZREE (LTHRBGE) - BEREH
BREEMRE c BRBREFDZCHEY » BEEHERARBIEIDKAZERRAE o BHKE
SRENVEREN  BERER - B AT AR AREIERTERE » MO A—-ROR_RHE
FeHAEeRRE
ik | ARES { } RZEURBIE » HEREREAF] (SI) ©

2 8 HREERHEIRZGNE  BENESBRRERANEIRE | FimZ@fo

£ 1
W s WM S R R A 2 %
i i#¢TﬁM&ﬂ’ﬁIﬁrTﬂwmﬁﬁ%
w18 | ¥ e "D
FARBRE % @ "B
REREEER | , PR ETR GBI » FETHS TR B R
ik o
i WP S FRATE » B TR AR B Tk
BHRRE L o
% 2% B wooR
e B AT » IR TS IR B
; PR o
R B AHI5~18% I EHR () » T
i IEREERARE TBS » BRUSH AR TE Lk o
% 3% nOm B ¥ it
e PH P AHN~BYHRAE (KB > FU
3 IOBAG R TR » FRAS IR BR B AR TE L o

3. & " .
31 BBBEZRR . ¥E1BRE2EEAFAE 2 ZAT B 3GATLE I 2T
32 BEERZSR . REFFEZIEHIKANS CNS 4342 ( ZRRCEEmE BEEe )9 1 %

ZHE o

F—RIEET: 614 6 H30H
BXKEET .68 4 11 A 23 H
B=RIBT.5F 48158

(#38)

o S BAB R AEER DG A B

g Rty U




. S # 1 M LS 2 |
X A 7 2 # 1 % 2 L4
ERARR R REEEALEE
H & (kg/L) 1.2k
# B (KU (°C) 70~90 90~130
PSR e ﬁii;fiﬁﬂ,ﬁ”ﬂKUfﬁE
fF % #& E IS =,
BRIR BEANBER
TEE TR BHTHER WL BETHER & E
BOE 8L E
#EE (m?/L)
x & THE
450 0 BEFB R HE (BAR) 80LLE
BiEHE WA AR 0.85 Mk
it EEEHE (BL1008MM ) (mg) S00LLF
(.85 BREARR
i e P EAERR
mEBL (%) 6011k T 6514 &
BEAREY (%) 40l E S0LLE
St | - [ T
— ot i:ﬁt%i%% 2 j:ﬁ%@i%%




CNS 1333, K 2031

# 3
" = & 3 ™
" 8 1 i 3 3
= ®  (xg/L) 1.6 Lk
B & & °C 80 LIk
BB RESIRBER
TEFTRE R RERG £
SE 0 ERBERAT (BEE) T5RLE
XeE (Rat) 0~0.1
BEH (R100MTE) (mg) 20060 F
LR kgf/cm? (kN/em?} 120{1.177} Ll E
At BRI
nAEZL (%) 9Lk
MBS AEE (% 15~18 20~23

mRE G

R—ERARERR  BELD -~ 82 HEIRZEEAH LRS-

=

4 &
(1 EEREIRZES
2 BEH&

) REERES R

) RS A MARAR

(5) TLEEFEHA

i3

™ RREEZ AR EARRTIIER

5 % SR CNS 1334 (BRELHE) °

I WRETTSEERETIBE 0 TARERESRRER  RBREBR o

3{FIEEHE | CNS 1334 BB BHHRE

CNS 4342 @R K REEmhEE AR R
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UDC 667.633:656.05:620.1
BB H AT HE

CNS B % B B ok PR

5% K6 143

Method of Test for Traffic Paints

HARE  ARERERBEZIRBIE
B &K CNS 9007 (BH—tHi%mE (BEERRHRESS)) $£3.6 HizHATo
SRTRFAAEITREZ R ARITRE SRR MR  RER HE -~ SR8~ THERE 1 Bt 2 Fimo
BT
41 BBEEUIE | #& CNS 9007 5 2 @i S5 o S 3 & » HENRREA 1.5~2.0 kg » 7l
BRSHERNZ c ARFHS R _BIFA—EEANBETRAZUGME ¥ 1| BBV 20
~30 S @BFEINBMAE 150~170°C » BHEABEMEA EZFREHMRRERHE o
4.2 BBZ—EEHA K CNS 9007 £ 3 #i&k CNS 10880 (MK —isr: ({LBHHTES ) LAl
2 1.1 MZHE o AR ZBREHEM TR o
421 F1ERE 26N ER 47 HXABRAEE  HAZHEEOEA 1.0~1.5 mm o HE 4.
7 @22 SR E UM CNS 9007 55 3. 5 #iz B MR BERKBBIEES 100420 umo
HESR 4. 12 BZARAEE 1 Z/wHE (') o SRRBBEES 20040 umo .

B 1 FEiRes

R I CNS 2965 (64T AM) FIAEZ SK 2 RS ERRZMH o

W e

B{7 . mm
7
/ ;
!‘1 il /T\f | |
<l 30 92
100
B (h) ZRE .
- - B! mm
0.200+0.001
0.250+0.005
. 0.300£0.006
0.400+0.008
0.500+0.010
0.600+0.012

#(DEEEZME(h) ALBAREESRS c HERESEHT  ALERRLBEEY
eIl h ZREE o

H—REFT: 614 6 5308

BOXREBIT: 5FE4B158

(#£158)
A #® B M oy g o % 1 B M
51% 9 A2 B %:.ﬁ%%ﬁfm%*}frﬁﬁﬁﬂn 6% 5 A2 B




CNS 1334, K 6143

4.2 2 85310 RGBS 4. 19 RRFTAREZRRSTRNS RO RMASBEEZH (?) »
MRAEEETR DB 10~20 2P INBME 180+20°C BE o RNAMESEERR
TREGE MBI RREAR 2 [ 4 B 11 RE 12 Bz RERN » REFKETBEAMRE
BACHEHAZE 6 XE 9 FinE 3 EAKEBAERRAR ©
2 (D) HEEREARBERRZRRME » GSAEURELE TR » 25510 it
IMA&BEEZF o
4.3 ZREBPNAREE © K CNS 9894 (B —riasa: (BN ARRRES D) £2.1.2 1 BZRE
44 ER EERBR MTHARo
441 £ 1BRE 2 ME K ONS 9725 (R —Aaiseis (RRtERERRNS ) ) $ 2. 3. 2 MZRE ©
4.4.2 %3 ERF
(1) RRZHF  HERENERE 2 FImZRE » $AEZER o ﬁa’tﬁ;ﬁﬂuﬁZd\ﬂﬁJﬁzﬁ
B E SR M5 o EHEZA CNS 1074 (4] REZ 100 PP EE EE FE o
(2) #fF: F CNS 4175 (IFEKR) HEZWHEER (B/NR(E 0.02 mm ) BWAA Z&
BEE BHEE 0.1 mmo XHAFREAHREERE 10 mg > K TARHELE
S= m
Ved
AN S HEE
m:REARE()
V:RHAEE (cm®)
d:kz#EE () (g/cm?)
g CO)HEkZ®ERA 1 g/cm’

2 BAEZGR
PR : NS 8497 (BELTH58E H RSRH) FALE2 304 RASMERRE o

B mm
40
10 20 10
P5
i
S B |i]]]
T
4
S 5
e | > ’
| kS
TP
= J |

4.5 FHEE I HEESRBITATAR o
(1) FELRAHBEELRRF 26+£1°C Z&K o
2 EEDEEFEASE L 300 ml HEBAZE 400 ml » AT 80~85 mm Z & (KO D&
BEHEPN o
. 3) 1@ ZBKH#ERER 3 2 Kreb-Stormer FET (*) ZHNMRS L » AN HEEHACIHE
8 (WBHE) IEG-RATEE
@) HEEE  EHHEEE 100 MABZRMET 30 B (27T BE 33 BH2ZM) °
(5) HMESEKPEER L BESETHMEQEETTZIEEE 0 FBAE 100 REZFMH o




CNS 1334, K 6143

6 DINBZEMERER F>EEREHE | RH KU Eo

E:(*) Krebs-Stormer $EEst 2 BEHIRA CNS 6840 (BB BESR) T SER
CS 100 (20°C » 1 st {1 x 10*m?/s) AFEEERE 75 g BFEE 20+0.5°C [Tl 100 HWFHTE

Bffdls 2911 B

o

3 Kreb-Stormer ZhE:t

(1) &xi8 (2) [CliRsE
FKEFIRERZREHTE+0.1 mm
Bf7 . mm
4.840
BRES
=)
o=
Q‘\e
S Q
S 5]
e
L
o~
S
o3 270 270
%1 KU EHEREX
HE
. 2501 275 300y 325 350 375 4001 425 450 475 500| 525 550 575 600
S
27 86 | 89 | 92 | 95 | 97| 100 102/ 104| 106| 109| 111] 113| 114 116/ 118
28 87 190 |93 |96 | 98 100/ 102 105/ 107| 110 112 114| 115 117 118
29 88 |91 (94|97 99 101| 103 105| 107| 110 112 114| 115 117 119
30 89|92 | 95|98 | 100 102 104| 106 108 110 112 114| 116 118 120
31 90 | 93 | 95 | 98 | 100{ 102 104 106/ 108 111| 113( 115| 116/ 118 120
32 90 [ 93 |96 | 99 | 101] 103 105/ 107| 109 111{ 113 115 116 118 120
33 91|94 | 9699|101 103 105 107| 109 112 114| 116 117 119 121
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4.6
(1)
2
3)

4.7

4.8
1)
(2)
(3)

(4)
(5)

(6)
(7
(8)
(9)
ao
an

HE
- 625| 650{ 675| 700] 725| 750, 775 800 825( 850 875 900 95011000

27 1200 121) 123 124] 126{ 127] 129) 130 131] 132 133 134f 13§ 138

28 1200 121) 123] 124 126 127 129 130} 131 132 133 134 137 139

29 121| 122 124 125 127| 128 130y 131f 132 133 134 135 137 139

30 121] 122 124 125 127| 128 130 131f 133/ 134] 135/ 136 13§ 140

31 122 123 125( 126/ 128 129 131] 132) 133 134] 135/ 136( 138 140

32 122 123 125 126| 128 129 131] 132} 133j 134; 135/ 136/ 138 140

33 122/ 123 125 126) 128 129 131| 132 134) 135 116{ 137) 139 141

KN | BT TR » IUTATR o

REURBAFESE 4. 5 HRBUYTEHE o

BABERFF 60+1°C MM 3 g REAEZE o

DI 4. 3 HERESBNRE » k¥ 4. 5 HHAERE KU {H o

RSN | 4k CNS 9894 5 2. 7 (2. 1) BiZHTE o HFFRERIRA CNS___ BMEFTHREZ FTHHR (49

200x100x5 mm ) * HERBZHH C) ERETERZEZETLEALARAL ©

5 C)REANSALRNBMEEZHEN  RELGAMRRL » 8 100 SREEM = HRH

0 35 Ll s KK FTEiEEZ & o

¢ ot

HE 4 ZBBWKTFREZEBIRE » PR+ » FETREAZRMNOERBREN » WEEZR o

REM#Z /T NTRERZ EREREZ 89 » MZRARKETR

i 5 A REEA R (EX 85 mm Ll b EE 127 mm MU E)ZFHRATA%EREA CNS___ A

SRR AENEE AT 34 WRBE2E 5 S{CBREEE (°) » Z8AEA CNS 5834
(FtEEHHH) Z&E 90 mm M Eo

7 CNS 2861 (EBEAZH () ) FIRAEZER 9.5£0.4 mm HFFERBEA HiP o

SHMEBERIE 15~35C 15 24 0 BRERFHAATERARNRZEM L » HKHEME

BRESATRY FEDRE o

AAATERZ PREH M EEAIEZERELA 50 mm o

FRETZKBEPOHERRNEZ FRES 0

BRSO MMABTEZ 2 TES o

RHEHMEBEA 50°C RS, E 5.0105C ZERFAE o

AR » REGEE ARNIETRET » BREHRREZE o

FIRFIE 2 EL LSRR » I TFISEFAKIEES
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B
4_

0bI¢
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5 EMEHRERE—F

B mm

A B

2 (O BRERNEERR AR PRFMRER » BB S ORBEHM2ZERZE 17 mm
WTZH#EE o

4.9 BEINR
491 F1EEE 2 @k
M HAAZBUE  HEREBERF CNS 10410 (HEE ) FTAEZHAHBEE (¥ 170x150 mm ) 28
EEHRE 24 /IEFo
@ #BfF ! REEE X THACHEMA R X EREARALERE » ENRIREEZ - AIAARS
Z o EHHENHEAELEEA R EEREZ o
4.9.2 583 @R
)RR ZBUF  EERGUELAE 6 AT 3 MARBELIREL 60 mm FTRRiEAR CNS
9278 ( KELEXSMEE H B8 ) B> SPCC-SB (49 150x70x1 mm ) Z 8 £ » & 1 o
@ #BfF RACHBEERREXZ THRAR 2 BBERALERE » ENHEEABELERRA
ZEBRBE o

6 2 3 fEARESZZ—F
ME © CNS 3270 ( F"&5#@E ) & CNS 8497 FT#iE> 304 REELI LRRE o
ol B{7 . mm

O
O

285

35

(K3
115

34

15,
Va

| SA .
N

8

ko

: EEAFE
=
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410 TEBRRE TEHERREZRR > MTAHR o
4101 F1EERE 2GR
1 HHAMMREL 150 mm FARES RN CNS 823 ( @ THRIE ) ZHEF (£ 300x
150x3 mm ) Z BE EZ Fl bR L o
@ BRTRECEZE (25C) HE » HF 1 MUK 20087% » BB 2 GRS 10 281% » LENGE
7 ZRBART () mE 8 FIMKBENRH PR % » ARFRHFFE » TLETFUSNZH
FENREEM L —EZERNE 8 Fimhm LERE LEE 1 o
Q) FEBHTREVHAARBERERNNENRRESETZRIAL
g (DEARBETF>EREA 158102 kg METFAFLZBGRBRAUZREESE - EX8
TREREBARENF ZARES®RG o
410.2 % 3 @Y .
() HERGUREE 9 FIRE 3 EAMEBEELIREL 150 mm FTRE4ER A CNS 9278 = SPCC
-SBC (#9 300x150x1.6 mm ) Z B > Fi4BEhRE o
@ BRTBEEZER (25°C) KBS 3 2% YEKE 7 2 RREEFME 8 FImRENRAH
REZ —wARFREFIE » TUEF LS Z MR R TR —EERAE 8 Fimbk LER
BLEgh1 o
Q) EMBHTEETHNHARGERERRNENRRBEFZRK Lo

& 7 5 AHER

B mm
#9368
ERZBRXER
LR oy
& 7353
] —
3 s . T (I ~
bistiz)
§ R3*
90
& 8 ERE)AEE IR M
B I mm

150

HE)RRA
Rz

%,
7

2,

150

N\
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9 % 3 EREERFEZ—FI

#'® : CNS 3270 K CNS 8497 FTHiE> 304 HEEL LMEE o
B{7 : mm

Y

150

B L5

i .280

100 A%&#m '

Lé
15

70
50

40 3

EERFE

411 FEESH . BESENRIES (Pfund’s cryptometer * B 10) BIEZ » HERRER  BREREER
AR Htt&ERBEEa"RAEZ » #RHBEREBNRIEHZE (A) ZME (C) HEER
| (B)/NLOEE  REEEREBT » DEBRSIRBEER » FMEZSSEBETRAE » THEE
WATEZIN AR EZ8F » QIBEEX » SRIPHETF » R TRAHEZ 0

1

HP= XL
AN K:#EH (0.01 % 0.02)
L: EBNHEEF
HP : ##7 (m?/L) .
= 10
THEE
2 -
(.Y S |
SOmn[?; ( €
Somm A REHAEER (140x70x7 mm )
H\_‘ B EHAFERK (70x70x6 mm )
by C #5mm*& 10 mm
i gt
=0 E #ZHE(E 058 1 mm)
G BHRzZz—%&
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4.12 45 E 0 EHEURSIR | K ONS 10756 ([ R —iis: ( BEYEUR A% TS ) ) E 2 6 &
ZHE » HEER R TRk o .
4121 F 1 ERE 2 66 | HEBERNIER (49 200x100x2 mm ) Z B F » REE itk F
WE 24 BFE o
4122 B3I/ KFE4LIQBMZHAT
.13 BEY  BEEABM TR
4131 FEAZBUF D F CNS 10410 ZFIHREZ MmERE (£ 170x150 mm ) Z—¥f78 F 585 ONS
2389 ( BEE4BAREHN ) FIREZMERE » MENBENRBRIEZ2E L > E 24 /)6
TERHAR o
4132 B{F
1) EMEEERAR LREZ 3 (IBELE 4. 12 SERE 45 B 0 BERBRS R » XRTFHE (E
Ret KFSHERIEREE 2 ZHE)
) EARZEHET L28E 3 (LB » LIS 4. 12 SHERIE 45 B 0 BERSRSTR » FITHSME o
Q) HEKTRAEEEBRHE o
B
A-_
C
AR A EBRSEREL
B:MHMEE L BEZ 45 K 0 EEBRHRZ FSE
C:HFBHLEREZ 45 F 0 BB SR Fi5(E o

'S

414 HEE
4141 RRAZBUF RS 4.9 @(21) BZHRE AR TTHERFEEE 4. 12 HRRE o
4142 DIEHEE . 0 CNS 10756 & 2. 5. (2) @ifTmE o
4143 HRF RS KBINER &K ONS 11254 (X Y Z BBERE X Yo Zo RELZEEERTH
EIE 42 TREZIRAVEZIATHE » SHEBAXTEEHEF » Ak CNS 11254 5 5 &
REZFIBEERSE  RREEEEZ=FBEX, Y, Zo
4144 FH I KTRAEERBEo
x 1.28 X-1.06 Z
Y
AR D:EEE
X, Y, Z: B6Z=%%E
415 PEEFENE | MEEEFEMESBRAIE A ONS 8912 ( BEMK RAGBEHERRYE (e k7T RithiH
B BEHERSEE ) ) FTREZ Taber RPHERE CNS 1074 REZ AA 180 RHARAEZARBE
BRZVE B3 RRA » BT RIBIEERE 25+1°C R8> BHEHERE » UL F5ME
4151 %1 8@RE 2 &
4151 1 HAZBF: HAE 4 2 () GEEHRREENTOHMAEERY 7 mm HAHZ CNS 9278
Z SPCC-SB (%9 100x100x1 mm ) ZB&E FERBERER 200440 xm »HKE 1/
FFEBAGREF 40£1°C HEFEPY 24 /NBF » BB EBAS EZR o
4151 2 $3fF A
1) HPEERBEER BRSO » B FERAFERZ Tk - » BXRRsEEs »
PHEBMELEEE 250 g B o
@ REBMTEABAR  BOAREEEZE 1 mgo
Q) #RAREEH KPR ER 2 DS | RREHENADERBNERREER A2 Fo
@ RAETERVERREHARELE  HEIREZEZROMRERAAZ L AEER RN
BB 1 ~ 2 mmo
6) PARREBHEEREDHARELEE » DEmEy - 8ME) 200 MEE L » UHRA o
6 AEBMERABRAR % WRHERE 1 mg Ao
7 RTRAELEFRERE o

D

A= ——

2
AW ABRER 100 HEFZ EHEBRE (mg) ©
B:fF 200 HEFZ EFEHME (mg) o
4152 & 3 fER%
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4.15.2

4152
[$9)

(

n

H
)
(4)
(5)
(6)

(7
(8)

4.16 HREE
4.16 1

1 RHAZ8F  BERERE 11 iRzl RESEZEE » BREREIERAPO
BAE®E 7 mm ZFEH o

2 BfE
HPELRBUERE > BRSSO 2 ERAFESZTEE - AXERGEEZR
HAE &% F 250 g EE o
R R ERER Y FES Kk PRENTTESZ EEE HE  REHEEADEZZBYE
BEEARZEo
RETHENEZREHARELE  WEHREEEXRORERA b AREARMZE
B 1~2mmo
BRI E R R E B L E » @O » 88 500 BESE ) BB RE LA
RRFRIBREZER AL ©
AR EHERET » AEBMERBEFRAREREE 1 mge
BEHAH RN O | REFVE - EATR SR EEE 200 #ESE  ERR o
REBTERABRARZ BRHEEREEEZ 1 mgo
R 4.15. 1. 2(1) W HEREHERERE o

11 #HEZ —f

MR . CNS 8497 FiEZ 304 HEEL LMEE ©
Bf7: mm
130

AT--.-" 33(

130
Z
i
i
>

ol

“ g m
| A} £

1 727
e
\_M6

BTE AA

b

NB-

BERR I MTAR o
ARZBUF I KE 4. 4.2 ) EIHERIEZ o HEEMIHA R Z £~ TEFT 0

4162 BEEHRRE 75 CNS BEAREU ARSI LIEES » AfEETHAR ERERZ FRERK
ZIEZ 20% PAEE o AL A EBRBEEEAE

4163 HfF
(1) 3 CNS 4175 FTREZHERR (B MERE 0.02 mm) BEHRRAZRE(RE »HERSE)
HHZE 0.02 mm o
@ HRARERNBEABRE MEEZM » ERK 2P ORENBREZ FOE—%
B R BREAFT ©
(3 Ll 30 mm/min ZEREMFHEZERA £ HRA R BERFZHEZIE o

BHAR ATRERLIAIER > QLI A E 20% BERR2 FEZIE APERFZ FHH o
@) FBRGEME 25+1°C T 3 BRAMETZ » WA FHE
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4164 FHHE I BEEEAKTRRE o

O =

A
AN o BEHEHEE (kgf/cm?) {(kN/cm?
P.RARABEEZHE (kgf) (kN}
A DnEEATZ B ER
417 Wikt #K CNS 10757 ( BN —BHRE (BENLBERZRBES ) 18 2. 2 B 8T o it
R « R ZRBRES  BF - RE B RIEGRHEM TR o
(1) AR AREER (£ 100x100x2 mm ) » HSERTFREF o
@ RRKE 72 I EFEER o
(3) BEMA 1000 ml & » PHEPEEKEL 750 ml o
) R HBKEEL 60 mm *» IKIBIRHF 25+1°C » Bk 24 B o
(5) XBREEBRBEATHE
418 ERtE | RIS ATH A A AT ELSHRTER » MTAETS o
4181 51 MRHE 2 Mk K CNS 10757 & 2. 4 HiZHT o HEFRBIR ~ RH T BB EHETE -
&~ R ZBBRESREEM TR o
(1) SHERERBEER (¥ 100x100x2 mm ) * HiSETTFEE o
@ HRRAKE 72 R
(3) BEARARA 1000 ml B » REFEE 750 ml BB o
@ ARBREBRZEES 60 mm » BEBERF 25+1°C » 8% 18 /s o
4182 # 3 fERF
4182 1 FHRAZHF MERAERE 12 FIRIEE KATREE%E » AEBIHRH o
BERXREEAE 4 R DD 1 HEARKRE o
4182 2 #EfE
() HEREREIA 500 ml FHAERSTEEELY 90 mm * R A ALTBALS » BEKEF L
B RBRFF 25£1°C > %E 18 o
@ HERR » SLBNAKELE » EBRIKS SIHIEENE 1 o
@) 3 RARF 2 AL L BREHZE B HECHRRRA R EHETAR » AIRAERY o

12 #EZ 5|

REE 80 mm

&0 &

419 poEAREST | ik CNS 10880-1 ( BHl—AxEREE ([LBROHTES ) MBS RASVRE ) 28 2 1 &
ZHRE-ME 3 XM 10 g0

420 BEAEY K CNS 10880-8 ( BH—&H%E ((LBLHHS ) BEAEY ) ZHT o HEFEH
ZERRREEOINEIEER » ARAR 2 FFIZRAEE » HieEh » ANKHFis e AREAHG o

o | BRAtb(EFRE%)
i S 50
A 50
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4.21 BREBRBUARER | (TR o
(1) FPOEMRPEREREY 30 g CNS 4342 2 1 gk o
) HEEBREN CNS 823 FTHEZ HIBIR (49 200x150x2 mm ) Z BFE F » s8I (1) ZFHEERE
£ 100 mm ZBERSIHBANERLE L ©
) RRBREF LR 1 /NFE > ARBERIBE RN EREE £ SERFEEE o
@) AR B B > BREER 2 AREE o
42 FHEXEZER HEKEZERHER > MTA o
(1) PAEHPIERERET 100 g CNS 4342 2 1 Sk » PR ERHEREE 001 go
2 BERBERKFHRER CNS 823 FIAEZHBR (£ 430x170x3 mm ) FRH|MZ KE 400 mm *
BESH 80 mm ZEHE » 2B (1) ZHBHRAEL 100 mm BERESIHAMNERLEL
(3) RHBEE LGSR 1 )L BEBERBERMENEER E2 SREEE » FRHEREEE
0.01 ge
4) EREFEHZRHEE 72 /) i CNS 4070 ( #LBBE ) FiAEZBRBREBRER » 1}
ERIEREET » FELRIHLR H BB 100 K (8) o
(5) EEEBEREZ BRI Tk2EE » FPRERBEERERE 001 go
6) ETREEBEREER o
(mem, ) - (my)
(m-m,)
AN A EBHREER(%)
m,:4.22 (1) FFRZHEHEEE (g)
m,:4.22 Q) FFRZHBHER (g)
m,:4.22 5) FRZFEBHEE (g)
S (])ERIEKE 1 XEF1%Xo
423 HBEHESE  EEERSERAB MTARo
(1) ¥ 500 ml SEFRMRFFRE KLY 30 g HEHEZE 0.01 go
(2 IAMERETIEEZEES 150 ml Z () & KERHLIBREES o
() ERFEHRUMEERERE  RERER » B0 150 ml B (FERETHZIR(F o EHIHER(F 3~5 Ko
(4) FI CNS 1524 ({EBRE (FFE) ) HSEZAME 50 ml &BBFNREZFER > RREBK o
(5) HSEMHBRBIKEL  MAETEBFAERERAL » KAZEZR
(6) %7 100 ml EWEE (1+1) EsEM AT » BRAREHEIFNBAE) 30 &R > B4 RERER o
(7 D&y 300 ml KZESEFKEFIE TR » REEBRIEERER » BRFK o EHELERIF 5~6 Ko
(8) JB ONS 1529 ({LERA%E ( 282 » &k ) ) HEZER 50 ml » SeEEMRPZ HEE » RELTE ©
9 HEUHEBRGKEL  NMEEBFABESEE®RAL 0
00 HEBEBARBRCHZFERT  BEERF 105~110C ZHEFELE 1 o
) ERESFRERECREFHRSEZRE  FRHAEEZE 001 g Alko
1 KTRAELEERSE
m,—m,;
S
AN A EEHKREE (%)
n, FFREAEE(g)
m, RERBEEZFFEEERE (g)
S:AHEE(g)
4.2¢ RN TERERS  WTATR o
4241 MWESEHEMHESRS | K CNS 11607 (BH—EE%RE (AR EHEEZR%BTS ) )
F24Q MZRATE MR ZLEAEAFEEY L » BUOKTFEHANZAEA 0 Eo
4242 HRZBF
L2021 BB KR AMEE » AR « REME 3 Fim o
1.242. 2 RRZ8HR%
42422 1 EZ{EAHREHAEEZIERELR  RKIEEHEREZ o
424222 L&
(1) ERFTAGER | RS o

x100

A= x 100
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4.243

4.24. 4

4.24.5
4.24.6
4.24.7

4.242 3
4.242 4

4242 5

4.24.3. 1
4.243. 2

4.243. 3

@ EBRERZERERE REEEENE  KELENAEEZREE  MOBREN R
u Al 9 PR 3 MEMEIN SR Rl FTHEIRRELY 150 mm REBRZFEFRE »

MEPH CNS 4342 1 Wk 61 g HERAT ©

ARZEE AR ZSERFEUTETEREY o
RABE  HARERBAEN 3 F o KEFEHRE A & h Z AR SBET KR » Rl

RS AT AR 1 R oo

it i AR 2 HR1F

AHZFET &K CNS 11607 B 2. 4 (4. 5) WZHE ©

AEZBAL - # CNS 11607 52. 4(5. 1 ) BMZRE ©
HB R BB 3% » MR | & CNS 11607 % 2. 4 (5. 2) BZHRE o

ARt AB 2 BAGBRASSE 4 AR 10 Be

S5 BB EHEREHGE | #K CNS 11607 5 2. 4(5. 3) BZHE - HFFBREZREA

B2 HERBREZRE
HANREE S B ALUKIREER R 1% » BAREEREANERLZEHRR °
ERBZ ERZCE | K CNS 11607 5 2. 4 (6) BIZHTE ©

HANRRER EERERARENTZHRIE » REFSRZFR - BE - BUFREH »

SCERLRREEHR % o

KEBH &£ CNS 11607 F 2. 4 (D BMZHE 0
HIE  RBERFIRZMHEERE HIE o
it s ER > BHE | # CNS 11607 5 2. 4 9) BiZHE o

=3 M

AHER %ﬁ=6:914
(3t ABE80~100) 8:92

ok

HHARRPRAKARLLIG]L ¢ 6 : 2ZHARAMEE -

' H Z N E

10 %@:@5 5% 4.75 mm CNS 386

102 ~30% EURAARE 0.3 mm CNS 386
10~40% BN AKE 0.150 mm CNS 386
10~30% B ZHAE%E 0.075 mm CNS 386

0~10% E:BAKE 0.075 mm CNS 386

B % ®E 200

2.1~2.3

e RE mm

%7180 X180 x50

REEHkgf/cm?{MPa}

210 {20.59}

RERZREEMEE °C

140~160

BRE#ZHKEBR K

EZARI0BLE
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# = REEmm * B | %18 |28 (M35 |m4\ |5\ |W6H | H7H | M8y
4.3 | BEARE — — — ©
44 | EE — — — x-©
45 | W@ E o — — P
45 | mmgER - i e s: <
4.7 | fRki AR 200X100X5 1 o®
4.9 | mpAm MEHE 170150 1 o240
400 | FeEEthit BRIR 300X150%3 1 C;?&Ar@
4.1 | EER Al —_ — ®
4.12 | 45 O BRI S B 200X100X2 1 o2
4.3 | BBl £ e 170X 150 1 - O+ 4@
4.15 | RHEFEHE i 100X100X1 3 Ot
4.17 | WKE BiR 100X100X 2 1 © = A L ©
68 | R BWER 100X100X 2 1 ©- - PN LL YN
4.19 | RS s 5 o ™ X oéﬁ}@
4.20 | EETEY > i o ’%éfo@
4.2) | BMERATRR BRI 200X 150 X2 1
4.2 | BomBEEE BRI 430X170%3 1 O-ala 72 A-bl-©
it 1. ZESERW D xIMEHER O BE O HE — E B ——— = RER M A—A  H{bR
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SAHIF 1 5 3 0¥
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# REEmm K B | m1p |28 |38 | 848 |g58 | H68 | %7H | meA
4.4 HE — — —_ -@©
!
48 | mam = 5 i Mg-é%w@
2
4.9 | ®mBUIR M 150%70x1 1 ) et
4,10 | TEEGRE MK 300%150%1.6 1
2
L2 | 45HE O BERECR H2 MK 150X701 1 o=+
I
4.4 HE B MR 150X 70x1 1 L©
4.5 | RiEREE P —E3 3 X~ @)
46 | EmEE — — 3 X0t ©)
HeH 1 18 |1
. 57123 s S xAE AL
v R 324 2500
3
419 | MRS s = s m
1
4.23 | BMHAHE — — e %ﬂ
424 | EHENE i 180X 180X50 | B~ EEE 6 4 12@A| |
O—a-ath >0
Whsk: 1L kM) XIgHZER O:#% O:¥E B s ——— B H A—A : SRIF




5| FABEME | CNS 823 #ifi A&
CNS 1074 W&
CNS 1524 {2 A% ( F8E)
CNS 1529 {EBAE (28 » &k )
CNS 2389 BRE: 4 KB
CNS 2861 HEGEREH ( )
CNS 2965 A& T AR
CNS 3270 A~k
CNS 4070 FLEBE
CNS 4175 HEER
CNS 4342 RN EEE e BR A
CNS 5834 MttEH
CNS 6840 F:EEHEIT REER
CNS 8497 BAELTFMH & iR
CNS 8912 BEME KA K EFHRE (EHHESZTRIGFE N> BER%E)
CNS 9007 &8 —& 5% (AR A RERS )
CNS 9278 A #5858 H kA
CNS 972628 — 5 ( BRMHERRES )
CNS 9894 & —# 5% ( BN BERRES )
CNS 10410 HEE
CNS 10756 &R —aas%E ( BRYBHRZ RBRB5 )
CNS 10757 & —fH%E ( BRALRERZ RB RS )
CNS 10880 & —fatshE ({LRHOHEMS ) — @l
CNS 10880-1 & —%E ({ERS/HRS ) — MRS BINAKE
CNS 10880-8 &R —#te%z ({LBH/HRS ) —BHAREY
CNS 11254 XYZ BERE X Yy Zo BEERZHOETHE
CNS 11607 & —#& K% %E ( RN EEREHEEZ RSB TS )

—1d0—
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Glass Beads for Reflective Traffic Paint

1. B . AEAEE AN TR EE FRENBAXSR A B AW TEE (LI T MBREE) o
2. B H . EBHRENESASIE -BE2EERE3So
LM R:AASHEREBEENE o
4 & RIANAR1ZARo
* 1
g g3 ¥ g 1 | 2 |8 3 5
te 2.4—2.6
7 0.850mm 545 | @ 0.6mm SR FER 0.212mm e
0% 0% | i % . 0%
!ﬁl@ 0.850mm AB &M ﬁl@ 0.6mm ASRE M 1&’11@ 0.090mm A& i
Qﬁb’" 0.6mm ARHE @ﬁﬁ'\ 0.3mm A5 EF 0~4%
5~30% 40~90%
ﬁ!@ 0.6mm A& MY ﬁ:@ 0.150mm A58
74 BE | 7 0.3mm RA%REE . | & 0~35 %
(£ CNS 386 30~80%
( S5 ) 867 ) | @8 0.3mm ABEGMY
ﬁ:ﬁ" 0.106mm A5 i &
10~40%
m:@o 106mm AEREE .
0~5 %
ARETALT » BRE - 88« TEH - B RN TR Sy s
4 8B -® R
20% P o
s = 1.50—1.64
0.0INBHEEEZ HFERE 10 ml WUTF » B5HE | 0.01 N @R 52
i K | nxEezgEso # 15 ml VAT » AR
KEEERBHRZ o

EM. EREETR
M EEMETR o

S BBBRZRE : hALEHHVATZEE  TESAREHRTHRZ ALY o
6. & TIES-FBLVERATNLL 65 WEFEH  MARLSHo
1. ® B ARBZWBK CNS 4343 ( THER S s R meE B ) o

5I/AtR¥E . CNS 386 AR
CNS 4343 Z#li ROEREE K AR BRI

f& 3 B M
BF 12 A13H

AR E B P R A T
—18
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3.1

3.2

3.3

Method of Test for Glass Beads for Reflective Traffic Paint

L SAEE: AEERTTEARLEL  F9  2NAALSRH S0 KHHEE (UTEBHER)
ZBBAE o

2 B B BEREHRS SR bl CNS 11456 ( BARSHRBEERN ) FRAEZBURBES
BRI BBHERS % 500 g (EARB (') o
BE() ERRARE  MABETBENEZUETAEYD o

I B =5

EEE © 7 100 mL &EEFIA CNS 2038 ( {LBRE ( —=x) JFREZ_FEEEG AL B
BHEAR Wa» BRE | g EHERNZ —FE o RIEBRELE 100 g EEE 1g (BEA Wo) »
BARFAEMA_FEEESLAF » TELRE Wy BHEE 1 gr KTRAREBERZHE
WoD .
Wa+Wo-Wb
A$ o Sg: BEKRIH-E
Wo ! ABZRE(g)
Wa !  nBE_FEZEHAE(g)
W, ! IEZFER 100 g B EHRE (g)
D EJEBETZ_FXEHE
RIBE | RBETAER 105-110C BETES 1 I \BFTE 0 B 100 g EHEZ 0.1 g0 REBEATEcERH
HEE () (£ 3 FRBTHBR 50 8)  MEREREINE » £ CNS 486 ( AR 2 Wi ) 55 »
ERRBGRIE LMEENRNARE #RZ (] SEREBRESHINRBATALBRE> 08
% B AEFAUR  KTRHESHRBESZ ( RIS ) ZABEELT 1 62 » ¥k CNS 2925
(REBREZ AR BIETE ) REBEEEHES»BHE -

G w5100
T

Sg=

AP G EEBERZR LA HABRETHE (%)
M EBREZSHRE(g)
m: EERERZELIFZISBRE ()
HEC) BREZANERZAER 200 mm & 150 mm * &E 45 mm 5 60 mm ° E&m CNS
4342 ( THERAFERHNBTER ) S 4 HZEF o
FC) I RERBELZHE HEEURTFRIZEHFABBNRAHSHES o
SNBRR @ TUEBEET | g BN EURERK BN TS50 THEERRE  REFERRY
FEE 200 mm W EZ RABEBNENARE » LB ESARTHGLHE (*) 2B —
Rig o YEBXEE 1 EBRB o

i

£ 2 =
20

£ 3 =
50

off

MEARAZREE + REYRERBAEL 115+10 mm » 8 160410 mm 21 » RIEHEEAN
BEHC) REARBZBEE (°) M HERHESS - BHUERTFAZLER (C) REARLT
e () MERBAF X R TRAL S ARV BBRBEATS R o LT \YUE | fr g
BEAREH o

_—

(#28)
A ® B M ) .- T TN
67% 3H21 8 ﬂfg%ﬁ_j&f&%‘—%%m” 78 %£ 12 A 13 B




CNS 4343, R 3080

3.4

3.5

C+C,
n+n,
AF P EERBZFBHEBAESIE (%)

nH-RABRZ KB

n . FRABZHEH o

C : B—RARE AR F B o

C, ! BXHAREAREEZ BBk EE o
() 81 EEEERZ PO 480 wm 0 §F 2 MBHER Y FOKIREY 380 wm 0 F 3 EHE

Bz UK &L 150 pm o

2 () RN HEEEEA 200 B o
2(°)  —ERERSE_EMLREE  DAERFEE | BiEZ
iR RREREA LRBWTHER 150 B (7) 1 KiERRET R FAOBERBE(IF
ARR o lE R IGWESEGWERLZ AT AR » ALY 100 BEESBEEES (Becke'
sline) (%) ZBE o HRERITHR 1.64 B (°) (FE—RH » IKEBIERE o HARBRELEE
BTHETo
(')  BEEFABTEE 1/1000 M EZFHRATBEDTHERLELE 1,495 F 1,504 &EE o
H(?) 85558 (Becke's line ) (hAEBBEZ ITHEMELZ R HE R o
2(°)  BREASEE 1/1000 U EZ HHRMNTRERTHEREE 1,635 F 1,644 FEE o
W7kt : BB 10.0 g BAMALAEZ SEEP » iNZEBK 100 mL EBEFHKIE Lnsk 1 /N »

P= x100

IMBATRERL o S ENEIEIE S SUOMBRREARAE o W AS A INEYEKIE T » bl ONS 1745 (L85

B (HE) )R 001 N SEBREEZ

5| FAERYE | CNS 486 MAIRIK > GbTE:

CNS 1745 {25058 (58 )

CNS 2038 {LBRE (—F=%)

CNS 2925 RE &R EZ A HRA BiERE
CNS 4342 @R Ttk FABTEEE
CNS 11456 ¥1RIE&HEREEEGR
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¥HR|z7059

Retroreflective Sheeting and Tape

. SAEE: FRESARERTETLRAMRRSHEAZHARRHTRBEEBIREH RRE
BE(UTBRXA) o
% I REEF () NZBERBA  GEREEEME (SI) o
2. REEH ZEERAZIBASEEREK CNS— (&2 FHE) S%5 » BIMTHIR o
1) ERRH: PEXZBEIEARSAZEE
) BiE EEOXBARHARETRLOZEO
Q) B EEZABHEAARTDOZEo
@ BAA . BYEHESN@EMAE
6 AHA : BHEMAR A REPOZESMIVRZ A o RETHESZBE (E) BEXER(A) 2%
Frsxmi8 2 (2% CNS 4345 @& 1) o
© EERFHH(R) | HEEERNERHOBRESEZXE () » MEASESORSEER
ZESo
I
Es* A
EFRAHELcd - 1x" - m*ETRZ 0
3. FE-EHARARR AR ZEE  BERARRME | Fim o KERAEESK 4 S5 E—BEE
ZEHRA9A2 K0
12 BRALEANTET L EER AT LERRS IR L o

R'=

Z 1 % EEERR

&
& 5] BB B DoBhAERE R
&
F14% R1-P R1-H
F24 R2-P R2-H
FHI% R3-P R3-H
FE4ER R4-P R4-H

4. PERE [ BOERZIZEEMTRTR o
4] B2 AFER2 IR (EEEHEXTESEHE) c #a&REH ARNIERE  BAF
R 23 CEERZEE SERTRENATERATHES 70% bllo

H—XRBFT: 4E 12818 B
(#%9H)

i7 B
8 F 6 A 22

1
=il
m
m 3
< W
m

&%
it
e ®
In
tg

%E’—;'}ﬁ%ﬁ*lg&f;%@%mﬁ .




CNS 4345, 7 7059

%2 HEa(FRARF 1 2 3 BRXKR)
| aEEEzEE () BERS) (HexsxE(?)
TREC)
= 1 2 3 4 F18
x | 0.350 [ 0.300 | 0.285 | 0.335 | 0.27 5.0 GY. 7/1
i y | 0.360 | 0.310 | 0.325 | 0.375
| x| 0.545 | 0.487 | 0.427 | 0.465 | 0.16 2.5Y 6/15
i ¥ | 0.454 | 0.423 | 0.483 | 0.534
& X | 0.690 [ 0.595| 0.569 | 0.635 0.03 10.0 R 3/15
y | 0.310] 0.315| 0.341 | 0.345
= X | 0.007 | 0.248 | 0.177 | 0.026 |  0.03 10.0 G 3/10
¥ | 0.703 | 0.409 | 0.362 | 0.399
| x|0.0780.150{0.210 | 0.137 |  0.01 5.0 PB 1/10
¥ ¥ | 0.171{0.220 | 0.160 | 0.038 _
x | 0.610 | 0.535 | 0.506 [ 0.570 |  0.14 2.5 YR 5/16
i ¥ | 0.390| 0.375 | 0.404 | 0.429
_| x| 0.430] 0.430| 0.470 { 0.520 |  0.03 5.0 YR 3/6
4 ¥ | 0.345] 0.400 | 0.420 | 0.375
%3 BEE(EARE 234 BRXAR)
# EEEEZEHEE (') BER(R) | BEZXS8%E(?)
TRREC")
= 1 2 3 4 52,3,458
x | 0.363(0.3190.297 | 0.340 | 0.35 5.0 GY 7/1
i y | 0.3720.318 | 0.335 | 0.390
x | 0.532|0.493 | 0.467 [ 0.492 | 0.27 2.5 Y 6/15
y ¥'| 0.468 | 0.453 | 0.481 | 0.508
.| x| 0.722]0.608 | 0.580 0.65¢ | 0.05 10.0 R 3/15
& ¥ | 0.278 | 0.323 | 0.363 | 0.346
3 X | 0.101|0.191 |0.157 | 0.116 |  0.04 10.0 G 3/10
¥ | 0.492 | 0.441 | 0.379 | 0.387
Bk 0.103 | 0.151 {0.197 [ 0.162 |  0.01 5.0 PB 1/10
¥ | 0.138{0.192 | 0.151 | 0.063
x | 0.635|0.571 [0.559 | 0.397 [ 0.15 2.5 YR 5/16
® ¥ | 0.365 | 0.374 | 0.401 | 0.403
£ x | 0.430 | 0.430 [0.470| 0.520 [  0.04 5.0 YR 3/6
¥ | 0.345 | 0.400 | 0.420 | 0.375
g () R2zaFdE xy BEER (/) A% CNS 11351 (HREZEFE) FIRE
ZEBARTHZRFREE a(45° BHASHERTX ) 28T » FIFFEX XY
() BT AR AR ONS 11055 (1P L e AT BE SR 7 A » AR
() %5 BEARAL S REEAES KRG ERARBE K UHETRE A
EEZLE BATHAEERAFERT 28K




CNS 4345,:7 7059

4.2 REHSE ERRIRHEEESHFEE 4°5 607 ZHT o HEEREK DRIMTEES » AN

8% 475060 7T HEMEZ 50% bk o

F4 BRIREEE

A 3 2 & K # & 4+ B K
"M A AgE| 8 ® £ & % [ =

12! 5° | 250 170 45 100 45 20 12
305, \js1s0 100 2% 60 P 4 8.5
40° | 110 70 15 29 12 8.0 | 4.0
20’ 5° (180 | 122 25 65 21 | 14 8.5
30° | 100 67 14 40 12 8.0 5.0
40°. | %5 64 13 20 1 7.0 | 2.5
h 53 5.0 " 3.0 0.8 | 18 0.6 0.2 %02
30° 25 | 1.5 |- 5004 #0095 | 2053 AOCHI . ]
40° 1:50 100,00 | 0.3 0.8 | 02 Lor0BNIS080S

#"5 FRZRATHERE

! B B e K &H & S B E
® W s AHE | 8 = a & o4 Z {73
12 5° | 70 50 4.5 | 25 9.0 | 4.0 | 1.0
30° | 30 22 | 6.0 | 7.0 | 35| 1.7 | 03
40° | 10 7.0 2.0 2.2 155|505 0.2
20’ 5° | 50 35 10 20 7.0 (|F 2ioRE IR0l
30° 24 16 4.0 | 4.5 | 3.0 | 1.0 | 0.2
90° | 9.0 6.0 1.8 2.0 1.2 =04 0.1
2° 5° | 5.0 | 3.0 o8| 12| 06|02 | 0.0
30° 2.5 1.3 0.4 0.6 0.3 | 0.1 0.02
40° | 1.5 1.0 0.3 0.4 0.2 | 0.06 | 0.01

140—



CNS 4343, 7 7058

%6 F=HIRAPHESE

=] ) E ] e R # =B N B\ K
8 0 AIAHA | B8 " a i & E
12’ 55111435 25 10 13 5.0 | 3.0

30° | 18 2 Jasd 85 28402
40° | 7.0 | 40 | 1.7 | 2.0 1.2 | 0.5

20° S s 15 5.0 9.0 3.5, 2.0
34 |t 12 1055730, 4] 355 2.0 | 1.0
40° | 6.0 4.0 1.0 s 0.8 | 0.4
2% 58 014.0 (I 2.28815 0.6 1.0 0.4 | 0.2
30° 1.8 1.0 0.3 0.5 | 0.2 |0.09
40° 1.0 0.8 0.1 0.3 0.1 | 0.06

=7 SUEZRHEE (BUAESL2)

ASA 52 30° 40°

H & & & B | & & B & & =]
24 8 35 22 6
B E 18 10 3
& e 18 10 3
B & ® 25 15 4.5

= 25 15 4.5

& 25 15 4.5

g 25 15 4.5

4.3 XBEAKSEZEEALE 40 blEo
4.4 REHEBIMIE : KEHFERY  OSFERES  EEN—QSKBERNNT » BAHBREL
AR BHOBEARTES BRREVEER o EBE 16C  38°C » EHEE 20% = 80% HEE
RFMIE  BRXREARRTLEEENE  MABARE - WE - E2E2ERK o
45 REAGERBZEE  KEHORMIE LAEFEBEALEFE B Mo
4.6 RN ANEE 46 1 HEF 4.6 4 H2ESE HHES-GRRETASRE 7 FE2RS
BAELIGREESR 4 BUE 80% M EAXARA STEBREATABKE 5 FiEZ RS UL
BFER 5 BIE> 80% bl EARR > (B ONS 4346 £ 3. 4 B RBEHEASREETATERR
() AFEERFANE —BREBRKH o
4.6.] EREEEHNTEYN ) mE2RNE 3 ZEFTEHTo
4.6.2 THAWE - ZE - BUE (scale ) 284 » B% HE » RERLENSR o
4.6.3 UHNEE  SRFELTERZS 08 mmo
4.6.4 TEHSIRHIE o
B(Y)  FASRERSEET /RS  sMa ARSI —ERNE A TRBERISTHRSRL AT
SHREZRRERREE  TERER o
4.7 HIBEZHEY  HEEAT YR ETTUMALENBBEYRESRG o
4.8 EHEH RAZETETERLEL Y SHHEE 50 mm ko

‘ —150—

TRTTTRI i A e A ST



CNS 4345, 7 7055

4.9 ﬁ&gﬁﬁﬁﬁﬁliﬁ&$ﬁﬁw%ui’ﬁa§§ﬁa%kyI%mwﬂui°$§§*ﬁ
- RREZR - ZHENBREH  $—GESER2HBSART o
410 YEEtE D 10 SERTWSRE 0.8 mm Lk » 24 PETRATKRSEE 3.2 mm blE o
411 T ZEEASNE HBESERE o
412 WEWE  TUAEE BB WE RESHS o
4.13 m&Z%E&&%Hﬁ%ﬁﬁzm&'ﬁﬁﬁ%ﬁ$%2#ﬁ’w&%ﬁﬁmmﬁiﬁ(ﬁﬁ‘ﬁ
ﬁ%)t'ﬁﬁﬁﬁmeEZ%Eﬁxiﬁ'ﬁﬁ&ﬁiégéﬁﬁﬁﬁiﬁ’*Wﬁﬂﬁ‘ﬂ
EERZ o
S HBIREAZBEMTHRo ,
B—RREAWE 1 T BHASEEEE E58 - AEEREE—BRAH (binder) » EER
%ﬁ’&ﬁﬁﬁﬁﬂﬂ#ﬂZ¥éMWEﬁﬁ&’&—E%ﬂ%ﬂ%ﬁﬁﬁﬁﬁ@i’ﬁ%HZ&ﬁé
SR AMPEMEGERLENR LRI REEHRERET o IRCLA BV EBSRNE =58 »
SERUBHP  SABREFEALREZARZEIUERL —BEUR » ERFELHIBEEEN
I REEALREERR L o

B = WAL A Ml 2 AT BEARSEENE RAKSEREEB—BHSH (binder) »
HERHRE URNZEARARSHRNLEZZCNNEREE  H— X0 UBH FAERAEE -
RERZERAMHAHBMEHEEN - LLEFBOHRERED » R A UBUEBLEHR
ERUBEN  SNERETE KR EFAREEBELHRERENTE  AREEALRBRLSH

& 2 #iE
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6. # H:IRXRZHHAFETIZHAE
6.1 HEWE . REABRGREZER KBS TAEEHSECEBHRBBRMAT KK » it
Bt B AR o
6.2 Z=RE . AEXRVAFEFEENRS » EEHERESZNRZBABRAHERE » DERRAER
6.3 ZEEK . ASTHBZEBHEUMEEEE
6.4 FHEH  EERBHRESSEEBEZEE ABRAAMBEERRIR o
6.5 ZE&EH . GEBARERRIAFSENZZCH  ANSEEHRER
6.6 R5E: AEDEREHHELF REABRHAR  ERBER IR o
6.7 REIRIN AHUEAGCHEMBIEEZN  ERNBEARREA L SAFEGEXMYEELR
i e 2 PR LAY o
6.8 mABEIHEN @ HABMEAGHEMAZEZR » ENSBEERK AR » VAR FEE NSRS
AR 4ie B A Bt > PR RUAL o
6.9 HigiE  BREBEBRRER » FEKSREHEF » TS H o
7. BEREREN . FaZ0EEREEUESATIIEE  INFHRE L EHERINEHmE
(1) BIZEBEREF: XA (BF) » REMUAHBRETR
2) % -BERFE 61 | EER | FAEK RI-PUE
2 [ nBARREF 2 BEEH R2-H &0
() BUSHLEMBEHR (RR) RERER o
) RSEEBIAFAE(RR) o
8. # B CNS 4346 Rt R BRKBEHRIRE

SIFEREE | ONS 4346 R R RRABFHRRE
CNS 11295 FIR=BisZREEZ HE
CNS 11351 @& BIET &
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WHE . % 3 CEEEZEHE
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Method of Test for Retroreflective Sheeting and Tape

1. #REE . AEERERKR RREBSEZ BRI o
2. HBBEME KR ZABESEF  MTFZHE
2.1 RSREFZ EERERS IR | B FIBERE o (K CNS 2395 (RRBATZEEATMRRT) RE2 MEAR
s 2 2k CIRE 20°C+2°C » HEHRE 65+5% ) BIAT o
2.2 HAZED  ARBFRERERBMZARE BB2A A H bt A H# CNS 2253 (BRELSSE
ZhkiR) FTREZER (LUT EREEE ) B MR ZAHMAB H o
2.3 B RzBEHE : SBHRLL CNS 1072 (kB4K) HEZ 400 SFEEN REH AT HMEE » UE
HRFEE AWM » TOTRELZBHERE  NEREWMLURER Z B o BRZEE
B2 0.5 mm blEo
2.4 HAZAEE I A HA B RARBERSE 2. 1 BB BERES 24 /)\BF o
3. B %=
3.1 BHBZAE : WERKR ZHEMHKEK CNS 11351 (HBEZAEHE) B 4. 3. 1 @S a» 7RED
B 45 ERFHAL  BEHAAZREUZHZBART X Z SAREGZ RERTZ » L XYZ &
BRBTRENL D TZHE o ELIHATRBZ=FHEZ ¥ EHTLFRRHEZREZ LR
ETEBEER (B ) o MITEREA LS 450 mm o ARSAEHERAERN ZHEELMNZ
R¥RZBEHREREERRESRBRAT
3.2 RHHREZRIE :
3221 AR RE 70 mm & 150 mm Z B A =@ TFRIEHEK 210 mmx150 mm » $EERHHEEE
ZBIEM o
3.2.2 HIEERE LAEA-FHAXOERE 26 mm UTZHEKS » B—-AAEKERE 26 mm kL
- TZAEREH @ | Fim TABZHAAXTEEAH REMZESE > AEAA 15.0 m ML
Lo » KRR AEER CIE BEXRE A (&Il 2854K 2B ) » RABZ S LRE » #
PAREBRRIE Z LERREETE AR o HAMER A RE L2 ASHEREAREIISE) o
3.2.3 AHBERBNAE AHARAS® ~30° Kk 40° - SEAARA 1270200 & 2° @A
BRASABZ A& IREESEAER o
3.2.4 BE: SEABVNAARLE EEHEEXBRE  MERE E,c AXEHEKE | 2KE > BE
3 BEEANZBRHEEHZ 3 BAHALZRAARZRS » MEZHBLZBE E, » K TREE
TR HE R o
I
E,-A
AN | R =B84 8
E~ERARPLONVE FHEAFKEEZ FEEZBE (1x)
A=A ZEE (m?)
[=dX R @RS a2 HE (cd) » KTFRXKB o
I=E, - d?
Hep (E~%HE | ZEEPZXBELZBE (1x)
d=RA R RAFCHAZHEM2ZEHE(m) o
3.3 NEEZE  RERZHBEZ T EGRE CNS 7773 CLBENEAE) AT HE 2(60
EHEARE) ZREHAE 0mm» &F 150 mm Z B H 3 BRHAE 2 ko
3.4 MRS D UEE 3. 2 MMTBZAH KRS 3. 4. 1 HRNP 3. 4. 2 FFARHEREE REALK
MRz BRERZ  K¥ 3. | BZRATHEMEHEE Y AKS 3. 2 HZRETERNILTHESE o

R'=

$—KET: 74 F 12 A 18 H

(36 8)
A & U M gy _. —_yr 5 1 :
cEsAnn| MM E D ke RB G R E
MtEH 8 F 48 A BRI Kol A B 4 (210%297)
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AR ERE

AREEHLO
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A
3.4.1 FEEEELGUREM RS | LIERETE SR I E i % 54 ( Dew-Cycle Sunshine Carbon Arc
Weather Meter ) {3 1 BT/m (4 BB 41 (Fftt i 505 o
# 1 BHERAMERRZEE
H 2] fr& f#
H JERRSINE E e — & CERHETE 3 £ TUOHZ WS » TEREHE ) ©
BIRER Iz 180~230 Vo
torE——fa A L8 607 HiEs 60 18 o
B SR 2
T R I 50V 2% * 60A*+2%
BETEHIRRET ZIRERE 631+3C
1R > i
ZERBE 30C
HEHBRE 98% Ll £
A EEAAKZBE & 7C
AEREFH (IEE » BHA) TR RIUERIROE R 480715 + ZERITE R 432070\ ©
A% R TE LPESK TRIE
AR REMTZRABE #E 300~700 nm * % 285%£50w/m’

3.4.2 BXHBSNER (WS &, Sunshine Carbon Arc Type ) Rifitf&aX5% : B BRI &A%
L CNS 11231 (B XBENEAMIRIERAERE) FHREZ R » (KF 2 FURKERRS] - (Fl R o

*® 2 BEBELNE A EAR G

H ] 123 1
BRI E E —1& (REEA L TR #iE )

HFEE B L1180 ~230V '

5 R R R 50V+2% * 60A+2% ©

BB GHF ] —ERIRE H 52200/ » AR A 5100078 » tE— ~

TERROKE R BB 500/ R (BT IR 2 20 » AEF24-60
RN - WAERRINER » ETRABERV AT )

REEHSERE 2 R

63+3C

CNS 4346, Z 8015

KB BB41120 EEME K18

MK KR 0.8-1.3 kgf/cm? {78-127KPal

R o (&K #1mm

AR REAMZZ MERBE #£300~700 nmA255+45W/m*

%1 40 AN R 5% ( Enclosed Violet Carbon Arc Weather Meter ) ( —f&

2.7

R ) B - HEBRARFR A o

{5 E (F AT R ( WV & » Xenon Arc Weather Meter ) » tERRHBBSIFENE

fTo

=159~

B4 (210%297 )



CNS 4346, 7 8015 s>

3.5 RIS FISEMERSE Tt 150 mm o T 50 mm ZRKH 0 WS cm® HER 175 g L EEE
R B T0£2°C Wil 4 ) BFEIE + (K CNS 2395 BT 2 MERBEMES 2 BFHUNE
RAiE » TRERIKS G » MBS B ISR » 5 fE 2B 2B ARES Fis R RGNS
HEB B EHARFENIL o EHWAH A H 5 B §Hchir 3 BEERo

3.6 EEHZME  MTHEMZEEM  REEWZEEN TR ERT o

3.6.1 REER R 3.5 WEMEBZHH 0 R K (BIEES 25 mm o BEA 150 mm ) * K
¥ 2.3 B EMHERBHEEIT » 58 CNS 4200 (DEERHSARBEEEBAGSRE) ¥
8.2 2 MAEZMEREREAREEMAIMBE » B8 2000450 g+ LEH 5 mm ZEF—
BB ERD 100 mm » BEE - KB 2 4 HZRATFUREE » BEO T LEEKT »
REHFIAEENSBRARERXH REEZ BB 50 mm HHZ T ABBEUSHLBRA
H800g ZEFE  EERTFHIHFRES 5l WATLHBEE » XHR3 B KEFHEME
BREK o

3.6.2 InEABRER  HE 3. 5 HMBRZAH SR _H (BEES 25 mm > BEA 150 mm) * &
HEZEZ KRBT 50 mmZ HBEAE + BEVKE 2 3 Bz BEERB 55 | » pul-
R P& 100 mm e ® 25 mm* & 1~3 mm ZBBERBEAREE Lo BRI cm? HER
175 g ZEERBNRKKR £ BAREE 85C F 100°C ZHEFE 30 58 I o R 7
AT TLATASA o BREE FiEIRAT 8 AR A IBARERE o WLE » KF 2. 4 HZHTTFURE
& BB AR FHBERS €5 SEEMERANR BT XA K3 @ RIEF
BEFARENK o

2

37 MEERFAEEZME ML 25 mm &350 mm = A H HAm&E 25 mm B9 FIMAE » 7
FASBRARTEH KL Bsr - EHRZEMZ MBS 300 mm » b 300 mm/min Z#EEEA f# 0
WEMRRRALEE  REBERH » RELTHE - DARER RAAIEE o

3.8 WHHASR X CHRERELES5225mm 2 A H 3@ HIPA RIS E I E B E TS £ BKPRE
10 PHER 24 BEERTERE o

3.9 TIMMMSR HRE 280 mmH 70 mm Z B H » REtEA EHE 7 1 BEN » DAR 19 mm
ZEEEAEREF 180 E2 MG GEARHELTAREHRS o X H Bt 3 fBo

310 MHEMMAR  RR 25 mm & 150 mm 2B H 5 B+ BN RGBS ERFME DU
BIERR T Z 5 LH AW o

' 3 BWZEERR R

& | & 5 % &BFE Cmin)
CNS 1813 ( L% (F8E) ) s> B8
CNS 1470 ( it ) BTEEZ i 10

CNS ( FASE ) BT B8 2 KA i
CNS 5600 ( % Ci§{Lsk ) ) AE > %

CNS 56010 % ( AIEE) ) fles — Mm%

~160- B4 (210%297)




—5— NS 4346, 7 8015

311 BERREEEZFERR | B H BIERLIRIEBEIEIES » X LR RBRE » &z
TSR o IS FE S EE B (R B 5 & R B U o
() SR : £/ CNS 11723 UGAEEZWEIRARE) S A ESRAREATHE S8 F o 2L
B e 3 A o '

B 3 A EEEARES —f

/]
JagzuzEms [ aeisiozEas (D)

2 FBRAME  WELR-REEHARNEAATEAARENZERE o WEZFERRKF A 9H,
8H,7H,6H,5H,4H,3H,2H,H,F HB,B,2B,3B,4B,5B,6B ¥+ 9H A&IF » 6B A& #k » SiEEHATE
SERENRABEESELAL 3 mm ZEEY » LXNE RNRER B2 FE L2 CNS 1074
FTREZ 400 B4 B B E AR EDMSRAREE - RIFEY - FARFETEARF o 8
EZARNBEREBRARFEFHE o

3 RBAE SWEZEELRBLARBABRBKEE L 2 EERHRAATZRANGAREES
FARBEHAEZEAEZEKZEERZ P » frah CMEMEERMN 45 EXAE » THRBER
SEEZFR b WFERASARERINN A R Z S8 ERNEE P - HRETRR T B REIR THE -
BEEZHRER 1.0£0.05 kg ZEEBNIABE I« BHEERE » SSEZ SATRE R EE » FIABZ
FERMPADR L o AXUEEQHICTF » HESER @M » $HA/KFREHE 3 mm SERE -
BERERERIA - BHEEATHL 05 mm o
Bl R ERBH T AEE - RRBHRE 5 X BREBPIBRAREARRZERNE 5 XZ+H
2 K& 2 KU L2685 » EREERT/ | RZWEFRMAR  RBEREH RN 2 KB ZUE2
BEREZCHR 0 5 RZBMPWIAR 2 KEF» FREFLHA | RZOEFRLARR  SRRABTY
2 RH 2 RUALFFZSNEZBEREER o

@) FTE D SHEMEEC ML T E  RIUERE_RH R ERRBERRRAE 1 k2 1 4
Wi ELERETRIFABR Z SHES|RE o

312 PERR  MBBRKE-

5| FARYE © CNS 1072 Mt 7k B4k
CNS 1470 ik
CNS 1813 {L&5% ( 8z )
CNS 2253 SERSBESLZ R &IR
CNS 2395 A8g%5AT2 PREERRKIR
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CNS
CNS
CNS
CNS
CNS
CNS
CNS
CNS

4290 D% R HBARREEEBERRE
4345 KR BREBS

5600 HE ( B4{ELR )

5601 —F%X (AELR)

7773 KBEMEHE

11231 HXEMRINE A Rk 50 28

11351 M BiE &

11723 SHEXFHEERARE

-162-

B4 (210%297)




Mkt~ FEREBREZE CONS 7885
AR RO Rk



UDC 629.113:778.11:620.1.05 =

BB AR HE

#5%|7 8 8 5}

D3075

ICN s' AEHRER fakek £

Method of Test for Reflex of Automobiles

1 REE . AEERERERRER RRE -
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QH”) Designation: C 109 - 93

Standard Test Method for

Compressive Strength of Hydraulic Cement Mortars

(Using 2-in. or 50-mm Cube Specimens)’

This standard is issued under the fixed designation C 109; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This test method covers determination of the com-
pressive strength of hydraulic cement mortars, using 2-in. or
50-mm cube specimens.

Note |—Test Method C 349 provides an alternative procedure for
this determination (not to be used for acceptance tests).

1.2 The values stated in inch-pound units are to be
-egarded as the standard. The values in parentheses are for
.nformation only.

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 230 Specification for Flow Table for Use in Tests of
Hydraulic Cement?

C 305 Practice for Mechanical Mixing of Hydraulic Ce-
ment Pastes and Mortars of Plastic Consistency?®

C 349 Test Method for Compressive Strength of Hydraulic
Cement Mortars (Using Portions of Prisms Broken in
Flexure)?

C 511 Specification for Moist Cabinets, Moist Rooms and
Water Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials?

C 778.Specification for Standard Sand®

C 1005 Specification for Weights and Weighing Devices
for Use in Physical Testing of Hydraulic Cements?

3. Summary of Test Method

3.1 The mortar used consists of 1%part cement and 2.75
parts of sand proportioned by weighing. Portland or air-
entraining portland cements are mixed at specified water-
cement ratios. Water content for other cements is that
sufficient to obtain a flow of 110 = 5 in 25 drops of the flow
table. Two-inch or 50-mm test cubes are compacted by

! This test method is under the jurisdiction of ASTM Committee C-1 on
Cement and is the direct responsibility of Sub mittee CO1.27 on Strength.

Current edition approved Aug. 15, 1993. Published October 1993. Onginally
published as C 109 - 34 T. Last previous edition C 109 - 92.

2 Annual Book of ASTM Standards, Vol 04.01.

3 Annual Book of ASTM Standards, Vol 04.02.

tamping in two layers. The cubes are cured one day in the
molds and stripped and immersed in lime water until tested.

4. Significance and Use

4.1 This test method provides a means of determining the
compressive strength of hydraulic cement and other mortars
and results may be used to determine compliance with
specifications. Further, this test method is referenced by
numerous other specifications and test methods. Caution
must be exercised in using the results of this test method to
predict the strength of concretes.

5. Apparatus

5.1 Weights and Weighing Devices, shall conform to the
requirements of Specification C 1005. The weighing device
shall be evaluated for precision and bias at a total load of
2000 g.

5.2 Glass Graduates, of suitable capacities (preferably
large enough to measure the mixing water in a single
operation) to deliver the indicated volume of 68°F (20°C).
The permissible variation shall be £2 mL. These graduates
shall be subdivided to at least 5 mL, except that the
graduation lines may be omitted for the lowest 10 mL for a
250-mL graduate and for the lowest 25 mL of a 500-mL
graduate. The main graduation lines shall be circles and shall
be numbered. The least graduations shall extend at least one
Seventh of the way around, and intermediate graduations
shall extend at least one fifth of the way around.

5.3 Specimen Molds, for the 2-in. or 50-mm cube speci-
mens shall be tight fitting. The molds shall have not more
than three cube compartments and shall be separable into
not more than two parts. The parts of the molds when
assembled shall be positively held together. The molds shall
be made of hard metal not attacked by the cement mortar.
For new molds the Rockwell hardness number of the metal
shall be not less than 55 HRB. The sides of the molds shall be
sufficiently rigid to prevent spreading or warping. The
interior faces of the molds shall be plane surfaces with a
permissible variation of 0.001 in. (0.025 mm) for new molds
and 0.002 in. (0.05 mm) for molds in use. The distances
between opposite faces shall be 2 + 0.005 in. or 50 £ 0.13
mm for new molds, and 2 + 0.02 in. or 50 = 0.50 mm for
molds in use. The height of the molds, measured separately
for each cube compartment, shall be 2 in. or 50 mm with
permissible variations of +0.01 in. (0.25 mm) and —0.005 in.
(0.13 mm) for new moids, and +0.01 in. and —0.015 in.
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(0.38 mm) for molds in use. The angle between adjacent
interior faces, and between interior faces and top and bottom
planes of the mold, shall be 90 + 0.5° measured at points
slightly removed from the intersection of the faces.

5.4 Mixer, Bowl and Paddle, an electrically driven me-
chanical mixer of the type equipped with paddle and mixing
bowl, as specified in the Apparatus Section of Practice C 305.

5.5 Flow Table and Flow Mold, conforming to the re-
quirements of Specification C 230.

5.6 Tamper, a nonabsorptive, nonabrasive, nonbrittle ma-
terial such as a rubber compound having a Shore A
durometer hardness of 80 + 10 or seasoned oak wood
rendered nonabsorptive by immersion for 15 min in paraffin
at approximately 392°F (200°C), and shall have a cross
section of %2 by 1 in. (13 by 25 mm) and a convenient length
of about 5 to 6 in. (120 to 150 mm). The tamping face shall
be flat and at right angles to the length of the tamper.

5.7 Trowel, having a steel blade 4 to 6 in. (100 to 150 mm)
in length, with straight edges.

5.8 Moist Cabinet or Room, conforming to the require-
ments of Specification C 511.

5.9 Testing Machine, either the hydraulic or the screw
type, with sufficient opening between the upper bearing
surface and the lower bearing surface of the machine to
permit the use of verifying apparatus. The load applied to the
test specimen shall be indicated with an accuracy of 1.0 %.
The upper bearing shall be a spherically seated, hardened
metal block firmly attached at the center of the upper head of
the machine. The center of the sphere shall lie at the center
of the surface of the block in contact with the specimen. The
block shall be closely held in its spherical seat, but shall be
free to tilt in any direction. The diagonal or diameter (Note
2) of the bearing surface shall be only slightly greater than the
diagonal of the face of the 2-in. or 50-mm cube in order to
facilitate accurate centering of the specimen. A hardened
metal bearing block shall be used beneath the specimen to
minimize wear of the lower platen of the machine. The
bearing block surfaces intended for contact with the spec-
imen shall have a Rockwell hardness number not less than
60 HRC. These surfaces shall not depart from plane surfaces
by more than 0.0005 in. (0.013 mm) when the blocks are
new and shall be maintained within a permissible variation
0f 0.001 in. (0.025 mm).

Note 2—A diameter of 34 in. (79.4 mm), which is large enough for
testing 3 by 6-in. (75 by 150-mm) cylinders, is satisfactory, provided that
the lower bearing block has a diameter slightly greater than the diagonal
of the face of the 2-in. or 50-mm cube but not more than 2.9 in. (74
mm), and is centered with respect to the upper bearing block and held in
position by suitable means.

6. Materials

6.1 Graded Standard Sand:

6.1.1 The sand (Note 3) used for making test specimens
shall be natural silica sand conforming to the requirements
for graded standard sand in Specification C 778.

NoTE 3—Segregation of Graded Sand—The graded standard sand
should be handled in such a manner as to prevent segregation, since
variations in the grading of the sand cause variations in the consistency
of the mortar. In emptying bins or sacks, care should be exercised to
prevent the formation of mounds of sand or craters in the sand, down
the slopes of which the coarser particles will roll. Bins should be of
sufficient size to permit these precautions. Devices for drawing the sand

e ¢

from bins by gravity should not be used.

7. Temperature and Humidity

7.1 Temperature—The temperature of the air in the
vicinity of the mixing slab, the dry materials, molds, base
plates, and mixing bowl, shall be maintained between 68 and
81.5°F (20 and 27.5°C). The temperature of the mixing
water, moist closet or moist room, and water in the storage
tank shall be set at 73.4°F (23°C) and shall not vary from this
temperature by more than +3°F (1.7°C).

7.2 Humidity—The relative humidity of the laboratory
shall be not less than 50 %. The moist closet or moist room
shall conform to the requirements of Specification C 511.

8. Test Specimens

8.1 Make two or three specimens from a batch of mortar
for each period of test or test age.

9. Preparation of Specimen Molds

9.1 Apply a thin coating of release agent to the interior
faces of the mold and non-absorptive base plates. Apply oils
and greases using an impregnated cloth or other suitable
means. Wipe the mold faces and the base plate with a cloth
as necessary to remove any excess release agent and to
achieve a thin, even coating on the interior surfaces. When
using an aerosol lubricant, spray the release agent directly
onto the mold faces and base plate from a distance of 6 to 8
in. (150 to 200 mm) to achieve complete coverage. After
spraying, wipe the surface with a cloth as necessary to
remove any excess aerosol lubricant. The residue coating
should be just sufficient to allow a distinct finger print to
remain following light finger pressure (Note 4).

9.2 Seal the surfaces where the halves of the mold join by
applying a coating of light cup grease such as petrolatum.
The amount should be sufficient to extrude slightly when the
two halves are tightened together. Remove any excess grease
with a cloth.

9.3 After placing the mold on its base plate (and at-
taching, if clamp-type) carefully remove with a dry cloth any
excess oil or grease from the surface of the mold and the base
plate to which watertight sealant is to be applied. As a
sealant, use paraffin, microcrystalline wax, or a mixture of
three parts paraffin to five parts rosin by mass. Liquify the
sealant by heating between 230 and 248°F (110 and 120°C).
Effect a watertight seal by applying the liquefied sealant at
the outside contact lines between the mold and its base plate.

NOTE 4—Because aerosol lubricants evaporate, molds should be
checked for a sufficient coating of lubricant immediately prior to use. If
an extended period of time has elapsed since treatment, retreatment may
be necessary.

NoTE 5—Watertight Molds—The mixture of paraffin and rosin
specified for sealing the joints between molds and base plates may be
found difficult to remove when molds are being cleaned. Use of straight
paraffin is permissible if a watertight joint is secured, but due to the low
strength of paraffin it should be used only when the mold is not held to
the base plate by the paraffin alone. A watertight joint may be secured
with paraffin alone by slightly warming the mold and base plate before
brushing the joint. Molds so treated should be allowed to return to the
specified temperature before use.

10. Procedure

10.1 Composition of Mortars:
!0.1.1 The proportions of materials for the standard
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mortar shall be one part of cement to 2.75 parts of graded
standard sand by weight. Use a water-cement ratio of 0.485
for all portland cements and 0.460 for all air-entraining
portland cements. The amount of mixing water for other
than portland and air-entraining portland cements shall be
such as to produce a flow of 110 = 5 as determined in
accordance with 10.3 and shall be expressed as weight
percent of cement.

10.1.2 The quantities of materials to be mixed at one time
in the batch of mortar for making six and nine test
specimens shall be as follows:

Number of Specimens

6 9

Cement, g 500 740

Sand, g 1375 2033
Water, mL

Portland (0.485) 242 359

Air-entraining portland (0.460) 230 340

Other (to flow of 110 £ 5)

10.2 Preparation of Mortar:

10.2.1 Mechanically mix in accordance with the proce-
dure given in Practice C 305.

10.3 Determination of Flow:

10.3.1 Carefully wipe the flow-tabie top clean and dry,
and place the flow mold at the center. Place a layer of mortar
about 1 in. (25 mm) in thickness in the mold and tamp 20
times with the tamper. The tamping pressure shall be just
sufficient to ensure uniform filling of the mold. Then fill the
mold with mortar and tamp as specified for the first layer.
Cut off the mortar to a plane surface, flush with the top of
the mold, by drawing the straight edge of a trowel (held
nearly perpendicular to the mold) with a sawing motion
across the top of the mold. Wipe the table top clean and dry,
being especially careful to remove any water from around the
edge of the flow mold. Lift the mold away from the mortar |
min after completing the mixing operation. Immediately,
drop the table through a height of 2 in. (13 mm) 25 times in
15 s. Determine the flow by measuring the diameter of the
mortar mass at four equispaced intervals. Average the
increase and express as a percentage of the original base
diameter.

10.3.2 For portland and air-entraining portland cements,
merely record the flow.

10.3.3 In the case of cements other than portland or
air-entraining portland cements, make trial morars with
varying percentages of water until the specified flow is
obtained. Make each trial with fresh mortar.

10.4 Molding Test Specimens:

10.4.1 Immediately following completion of the flow test,
return the mortar from the flow table to the mixing bowl.
Quickly scrape down into the batch the mortar that may
have collected on the side of the bow! and then remix the
entire batch 15 s at medium speed. Upon completion of
mixing, the mixing paddie shall be shaken to remove excess
mortar into the mixing bowl.

10.4.2 When a duplicate batch is to be made immediately
for additional specimens, the flow test may be omitted and
the mortar allowed to stand in the mixing bowl 90 s without
covering. During the last 15 s of this interval, quickly scrape
down into the batch the mortar that may have collected on
the side of the bowl. Then remix for 15 s at medium speed.

10.4.3 Start molding the specimens within a total elapsed

Rounds land 3

Rounds 2 and 4

FIG. 1 Order of Tamping in Moiding of Test Specimens

time of not more than 2 min and 30 s after completion of the
original mixing of the mortar batch. Place a layer of mortar
about 1 in. (25 mm) (approximately one half of the depth of
the mold) in all of the cube compartments. Tamp the mortar
in each cube compartment (5.9) 32 times in about 10 sin 4
rounds, each round to be at right angles to the other and
consisting of eight adjoining strokes over the surface of the
specimen, as illustrated in Fig. 1. The tamping pressure shall
be just sufficient to ensure uniform filling of the molds. The
4 rounds of tamping (32 strokes) of the mortar shall be
completed in one cube before going to the next. When the
tamping of the first layer in all of the cube compartments is
completed, fill the compartments with the remaining mortar
and then tamp as specified for the first layer. During tamping
of the second layer bring in the mortar forced out onto the
tops of the molds after each round of tamping by means of
the gloved fingers and the tamper upon completion of each
round and before starting the next round of tamping. On
completion of the tamping, the tops of all cubes should
extend slightly above the tops of the molds. Bring in the
mortar that has been forced out onto the tops of the molds
with a trowel and smooth off the cubes by drawing the flat
side of the trowel (with the leading edge slightly raised) once
across the top of each cube at right angles to the length of the
mold. Then, for the purpose of leveling the mortar and
making the mortar that protrudes above the top of the mold
of more uniform thickness, draw the flat side of the trowel
(with the leading edge slightly raised) lightly once along the
length of the mold. Cut off the mortar to a plane surface
flush with the top of the mold by drawing the straight edge of
the trowel (held nearly perpendicular to the mold) with a
sawing motion over the length of the mold.

10.5 Storage of Test Specimens—Immediately upon com-
pletion of molding, place the test specimens in the moist
closet or moist room. Keep all test specimens, immediately
after molding, in the molds on the base plates in the moist
closet or moist room from 20 to 24 h with their upper
surfaces exposed to the moist air but protected from dripping
water. If the specimens are removed from the molds before
24 h, keep them on the shelves of the moist closet or moist
room until they are 24-h old. and then immerse the
specimens, except those for the 24-h test, in saturated lime
water in storage tanks constructed of noncorroding mate-
rials. Keep the storage water clean by changing as required.

10.6 Determination of Compressive Strength:

10.6.1 Test the specimens immediately after their removal
from the moist closet in the case of 24-h specimens, and
from storage water in the case of all other specimens. All test
specimens for a given test age shall be broken within the



di c 109

permissible tolerance prescribed as follows:

Test Age Permissible Tolerance
24h +2h

3 days +lh

7 days +3h
28 days +12h

If more than one specimen at a time is removed from the
moist closet for the 24-h tests, keep these specimens covered
with a damp cloth until time of testing. If more than one
specimen at a time is removed from the storage water for
testing, keep these specimens in water at a temperature of
73.4 + 3°F (23 = 1.7°C) and of sufficient depth to completely
immerse each specimen until time of testing.

10.6.2 Wipe each specimen to a surface-dry condition,
and remove any loose sand grains or incrustations from the
faces that will be in contact with the bearing blocks of the
testing machine. Check these faces by applying a straightedge
(Note 6). If there is appreciable curvature, grind the face or
faces to plane surfaces or discard the specimen. A periodic
check of the cross-sectional area of the specimens should be
made.

Note 6—Specimen Faces—Results much lower than the true
strength will be obtained by loading faces of the cube specimen that are
not truly plane surfaces. Therefore, it is essential that specimen molds be
kept scrupulously clean, as otherwise, large irregularities in the surfaces
will occur. Instruments for cleaning molds should always be softer than
the metal in the molds to prevent wear. In case grinding specimen faces
is necessary, it can be accomplished best by rubbing the specimen on a
sheet of fine emery paper or cloth glued to a plane surface, using only a
moderate pressure. Such grinding is tedious for more than a few
thousandths of an inch (hundredths of a millimetre); where more than
this is found necessary, it is recommended that the specimen be
discarded.

10.6.3 Apply the load to specimen faces that were in
contact with the true plane surfaces of the mold. Carefully
place the specimen in the testing machine below the center of
the upper bearing block. Prior to the testing of each cube, it
shall be ascertained that the sperically seated block is free to
tilt. Use no cushioning or bedding materials. An initial
loading up to one half of the expected maximum loads for
specimens having expected maximum loads of more than
3000 Ibf (13.3 kN) may be applied at any convenient rate.
Apply no initial loading to specimens having expected
maximum loads of less than 3000 Ibf (13.3 kN). Adjust the
rate of load application so that the remainder of the load (or
the entire load in the case of expected maximum loads of less
than 3000 Ibf (13.3 kN)) is applied, without interruption, to
failure at such a rate that the maximum load will be reached
in not less than 20 nor more than 80 s from start of loading.
Make no adjustment in the controls of the testing machine
while a specimen is yielding before failure.

Note 7—It is advisable to apply only a very light coating of a good
quality, light mineral oil to the spherical seat of the upper platen.

11. Calculation

11.1 Record the total maximum load indicated by the
testing machine, and calculate the compressive strength in
pounds per square inch (or pascals). If the cross-sectional
area of a specimen varies more than 1.5 % from the nominal,
use the actual area for the calculation of the compressive
strength. The compressive strength of all acceptable test
specimens (see Section 12) made from the same sample and
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TABLE 2 Precision

. Acceptable
Test Age, CO:;:.(::Z; of Range of Test
Days 15 %A Results
D2S %4
Portland Cements
Constant water-cement
ratio:
Single-lab 3 4.0 113
14 3.6 10.2
AT 38 107
Multi-lab 3 6.8 19.2
i 6.4 18.1
By . B 66 187
Blended Cements
Constant flow mortar:
Single-lab 3 4.0 113
7 38 10.7
28 34 96
AV T 338 10.7
Multi-lab 3 7.8 221
T 76 215
28 7.4 20.9
AV T 76 275
Masonry Cements
Constant flow mortar:
Single-lab 7 79 223
28 75 21.2
AV T i 218
Multi-lab T 1.8 334
28 12.0 33.
Ay 19 337

A These numbers represent, respectively, the (1s %) and (d2s %) limits as
described in Practice C 670.

tested at the same period shall be averaged and reported to
the nearest 10 psi (70 kPa).

12. Faulty Specimens and Retests

12.1 In determining the compressive strength, do not
consider specimens that are manifestly faulty.

12.2 The maximum permissible range between specimens
from the same mortar batch, at the same test age is 8.7 % of
the average when three cubes represent a test age and 7.6 %
when two cubes represent a test age (Note 8).

Note 8—The probability of exceeding these ranges is 1 in 100 when
the within-batch coefficient of variation is 2.1 %. The 2.1 % is an
average for laboratories participating in the portland cement and
masonry cement reference sample programs of the Cement and Con-
crete Reference Laboratory.

12.3 If the range of three specimens exceeds the max-
imum in 12.2, discard the result which differs most from the
average and check the range of the remaining two specimens.
Make a retest of the sample if less than two specimens
remain after disgarding faulty specimens or disgarding tests
that fail to comply with the maximum permissible range of
two specimens.

NoTE 9—Reliable strength results depend upon careful observance
of all of the specified requirements and procedures. Erratic results at a
given test period indicate that some of the requirements and procedures
have not been carefully observed; for example, those covering the testing
of the specimens as prescribed in 10.6.2 and 10.6.3. Improper centering
of specimens resulting in oblique fractures or lateral movement of one of
the heads of the testing machine during loading will cause lower strength
results.
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13. Precision and Bias

13.1 The precision statements for this test method are
listed in Table 2 and are based on results from the Cement
and Concrete Reference Laboratory Reference Sample Pro-
gram. They are developed from data where a test result is the
average of compressive strength tests of three cubes molded
from a single batch of mortar and tested at the same age. A
significant change in precision will not be noted when a test

result is the average of two cubes rather than three.

13.2 These precision statements are applicable to mortars
made with cements mixed, and tested at the ages as noted.
The appropriate limits are likely, somewhat larger for tests at
younger ages and slightly smaller for tests at older ages.

14. Keywords

14.1 compressive strength; hydraulic cement mortar; hy-
draulic cement strength; mortar strength; strength

The American Society for Testing and Materials takes no position respecting mo vahd:fy of any patenr rights asserted in connection
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patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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Standard Test Method for

Tensile Strength of Chemical-Resistant Mortar, Grouts, and

Monolithic Surfacings’

This standard is issued under the fixed designation C 307; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

" 1.1 This test method covers the determination of tensile
strength of cured chemical-resistant materials in the form of
molded briquets. These materials include mortars, brick and
tile grouts, machinery grouts, and monolithic surfacings.
These materials shall be based on resin, silicate, silica, or
sulfur binders.

1.2 The values stated in inch-pound units are to be
+fegarded as the standard. The values given in parentheses are
for information only.

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 904 Terminology Relating to Chemical-Resistant Non-
metallic Materials?

E 4 Practices for Force Verification of Testing Machines?

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this test method, see
Terminology C 904.

4, Significance and Use

4.1 It is recognized that chemical-resistant mortars, grouts,
and monolithic surfacings are not usually under tension when
in service; however, such data are useful for purposes of
determining the rate of cure and other properties.

4.2 This test method is not recommended for mortars,
gouts, and monolithic surfacings containing aggregate
greater than ' in.

5. Apparatus

. 5.1 Weighing Equipment, shall be capable of weighing
Materials or specimens to 0.3 % accuracy.

i

' This test method is under the jurisdiction of ASTM Committee C-3 on
ical-Resistant Nonmetallic Materials and is the direct responsibility of
Subcomminee C03.01 on Test Methods.
Current edition approved Dec. 15, 1993. Published February 1994. Originally
“Published as C 367 - 53 T. Last previous edition C 307 - 93.
* Annual Book of ASTM Standards, Vol 04.05.
3 Annual Book of ASTM Standards, Vol 03.01.

3.2 Specimen Molds—The molds for making briquet test
specimens shall be sufficiently rigid to prevent deformation
during molding and shall be made of corrosion-resistant
material. Gang molds, when used, shall be of the type shown
in Fig. 1. The dimensions of the briquet molds shall be the
width of the mold, between inside faces, at waist line of
briquet, 1 in. (25 mm) with permissible variations of +0.01
in. (£0.25 mm); the thickness of the molds measured at the
point of greatest thickness of either side of the mold at the
waist line, 1 in. with permissible variations of +0.004 in.
(£0.10 mm) and —0.002 in. (=0.05 mm). The briquet test
specimens shall conform to the dimensional requirements
shown in Fig. 2.

5.3 Equipment for Mixing Materials, shall consist of a
container of suitable size, preferably corrosion resistant, and
a strong, sturdy spatula, trowel, or mechanical mixer.

5.4 The following additional equipment is required for
sulfur mortars.

5.4.1 Melting Chamber, of sufficient volume and heat
capacity to melt the mortar sample and maintain the
temperature of the melt between 260 and 290°F (127 and
143°C).¢

5.4.2 Laboratory Mixer, of such a type and speed to be
capable of lifting the aggregate without beating air into the
melt.

5.4.3 Ladle, of sufficient capacity to completely pour one
briquet.

5.5 Testing Machine, the testing machine shall be of any
type sufficient to provide the required load and the rate of
crosshead movement prescribed. It shall have been verified
to have an accuracy of 1.0 % or better within 12 months of
the time of use in accordance with Practices E 4.

5.6 Tension Clips, for holding the tension test specimens,
shall be in accordance with Fig. 3.

6. Test Specimens

6.1 All specimens for a single determination shall be made
from a single mix containing sufficient amounts of the
components in the proportions and in the manner specified
by the manufacturer of the materials. If the proportions so
specified are by volume, the constituents shall be weighed
and the corresponding proportions by weight shall be re-
ported.

* The Forney capping compound melting chamber. Model LA-0130, or its
equivalent, has been found to be suitable for this purpose. The Forney capping
compound melting chamber is available from Forney Industries, Inc., R.D. 2,
Route 18 South, Wampum, PA 16157,

=114=
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FIG. 1 Briquet Gang Mold

6.1.1 Number of Specimens—Prepare a minimum of six
briquet specimens for each material tested.

6.2 Temperature:

6.2.1 Resin, Silicate, and Silica Materials—The standard
temperature of the materials, molds apparatus, and the
ambient temperature of the mixing area shall be 73 + 4°F (23
+ 2°C). Record the actual temperature.

6.2.2 Sulfur Mortars—The material shall be maintained
at 275 + 15°F (135 + 8°C). The temperature of the molds
and the ambient temperature of the mixing area shall be 73
+ 4°F (23 £ 2°C). Record the actual temperature.

6.3 Molding Test Specimens:

6.3.1 Lubricate the mold by applying a thin film of an
appropriate mold release or lubricant.®

6.3.2 Resin, Silicate, and Silica Materials—Mix a suffi-
cient amount of the components in the proportions and in
the manner specified by the manufacturer of the materials.
Fill the molds one-half full. Remove any entrapped air by
using a cutting and stabbing motion with a spatula or
rounded-end rod. Fill the remainder of the mold, working
down into the previously placed portion. Upon completion
of the filling operations, the tops of the specimens should
extend slightly above the tops of the molds. When the molds
have been filled, strike off the excess material so that it is
even with the top of the mold. Permit the material to remain
in the mold until it has set sufficiently to allow removal
without danger of deformation or breakage.

6.3.3 Silicate Materials—Some silicates may require cov-
ering during the curing period. After removal from the
molds, acid-treat the specimens, if required, in accordance
with the recommendations given by the manufacturer. No
other treatment shall be permitted. Record the method of
treatment in the report section under Conditioning Proce-
dure.

6.3.4 Sulfur Mortars:

6.3.4.1 Assemble the mold as you would for the speci-
mens to be cast in 6.3.2. However, cover the waist of the
mold with a small lubricated plate.

6.3.4.2 Melt at least 2.2 Ib (1.0 kg) of sulfur mortar in the
melt chamber in not more than 1 h. Hold the temperature of
the melt at 275 + 15°F for at least 15 min while stirring
gently with the laboratory mixer. (The mixer speed should be
controlled so that it is sufficient to lift the aggregate without
beating air into the melt.)

6.3.4.3 Using the ladle, pour the molten sulfur mortar
into both sides of the mold and puddle it to completely fill
the space under the plate. Allow the plate, placed across the
center of the mold, to remain in place for at least 15 min
after the briquet has been poured.

3 Silicone stop-cock grease or petroleum jelly is satisfactory for this purpose.

7. Conditioning

7.1 Resin, Silicate, and Silica Materials—Age the teg
specimens for a period of seven days, including the cure
period in the mold, at 73 + 4°F (23 + 2°C). If a longer o
shorter conditioning period is used, the time shall be
reported.

7.2 Sulfur Materials—Before testing, condition the spec;.
mens at 73 + 4°F. The time between casting the specimep
and testing the specimen shall be at least 48 h.

8. Procedure

8.1 Measurement of Specimens—Measure the depth of
each test specimen to the nearest 0.001 in. (0.0254 mm) and
the width at the waist to £0.001 in.

8.2 Test the specimens on the seventh day after prepara-
tion. If desired, the conditioning time may be lengthened or
shortened to establish the age-strength relationship. Report '
the age of the specimens. .

8.2.1 Sulfur materials may be tested 48 h after prepara-
tion.

8.3 Center the specimens carefully in the clips of the -
testing machine. Pull the specimens at a speed of 0.20 to 0.25
in./min (5 to 6.4 mm/min) of crosshead movement (speed of
movement when the machine is running without a load).

9. Calculations
9.1 Tensile Strength—The tensile strength is equal to the
stress calculated at maximum load. It is calculated as follows:
S=P/bd
where:
S = stress in the specimen at the waist, psi (MPa),
P =load at or prior to the moment of crack or break, Ibf -
(N),
b = width at the waist of the briquet tested, in. (mm), and
d = depth of briquet tested, in. (mm).

10. Report
10.1 The report shall include the following:

FIG. 2 Briquet Specimens for Tensile Strength Test
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$10.1.1 Manufacturer, product trade name, and generic

m)

»#10.1.2 Mixing ratio, if applicable,

##0.1.3 Conditioning procedure,

#:10.1.4 Test conditions (temperature and humidity),
#10.1.5 Total duration of conditioning in days, and
$10.1.6 Individual and averaged results of tensile strength.

1, Precision and Bias

1.1 Precision and bias for this test method have not been
stablished.

2412 Test specimens that are manifestly faulty should be

rejected and not considered in determining the tensile
strength. Jawbreaks should be rejected.

11.3 If any strength value differs from the mean by more
than 15 %, the farthest value from the mean shall be rejected
and the mean recalculated. Repeat the process until all the
tested values are within 15 % of the mean. If less than
two-thirds of the values remain, the test will be rerun.

12. Keywords

12.1 brick; chemical resistant; grout; monolithic sur-
facing; mortar; tile
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with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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Standard Test Method for *

Flexural Strength of Hydraulic Cement Mortars

This standard is issued under the fixed designation C 348; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determination of the flexural
strength of hydraulic cement mortars.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 109 Test Method for Compressive Strength of Hydraulic
Cement Mortars (Using 2-in. or 50-mm Cube
Specimens)?

C 190 Test Method for Tensile Strength of Hydraulic
Cement Mortars?

C 230 Specification for Flow Table for Use in Tests of
Hydraulic Cement?

C 349 Test Method for Compressive Strength of Hydraulic
Cement Mortars (Using Portions of Prisms Broken in
Flexure)?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials*

C 778 Specification for Standard Sand?

3. Summary of Test Method

3.1 The test mortar used consists of 1 part cement and
275 parts of sand proportion by weighing. Portland or
‘Iir—entraining portland cements are mixed at specified water-
‘ement ratios. Water content of other cements is that
afficient to obtain a flow of 110 % 5 with 25 drops of the
flow table. Test prisms, 1.575 by 1.575 by 6.3 in. (40 by 40
by 160 mm) are molded by tamping in two layers. Prisms are
jured one day in the molds and stripped until tested by
|center point loading.

4. Significance and Use

4.1 This test method provides a means for determining
“he flexural strength of hydraulic cement mortars. Portions
of the mortar prisms tested in flexure according to this

g

* ' This test method is under the jurisdiction of ASTM Committee C-1 on
ent and is the direct responsibility of Subcommittee C01.27 on Strength.
. Current edition approved Feb. 15, 1993. Published May 1993. Originally
"’“blishcd as C 348 - 54 T. Last previous edition C 348 - 92.
2 Annual Book of ASTM Standards, Vol 04.01.
* Discontinued: See 1990 Annual Book of ASTM Standards, Vol 04.01.
* Annual Book of ASTM Standards, Vol 04.02.

method may be used for the determination of compressive
strength in accordance with Test Method C 349.

4.2 The values are determined from this test method for
research or reference purposes only and are not intended for
determining compliance with specification requirements.

5. Apparatus

5.1 Scales, Weights, Sieves, Glass Graduates, Mixer,
Bowl, and Paddle shall conform to the requirements speci-
fied in the Apparatus Section of Test Method C 109.

5.2 Flow Table and Flow Mold, shall conform to the
requirements of Specification C 230.

5.3 Specimen Molds—Molds for the 1.575 by 1.575 by
6.3-in. (40 by 40 by 160-mm) prism specimens shall be
triple-gang molds and shall be so designed that the specimens
will be molded with their longitudinal axes in a horizontal
position. The molds shall be made of hard metal not
attacked by the cement mortar, and the Rockwell hardness
number of the metal shall be not less than HRB 55. The
parts of the molds shall be matchmarked and, when assem-
bled, shall be tight-fitting and positively held together. The
sides of the molds shall be sufficiently rigid to prevent
spreading or warping. The interior faces of the molds shall be
plane surfaces with a permissible variation, in any 2-in.
(50-mm) line on a surface, of 0.001 in. (0.03 mm) for new
molds and 0.002 in. (0.05 mm) for molds in use. The
distance between opposite sides shall be 1.575 = 0.005 in. (40
+ 0.13 mm) for new molds and 1.575 + 0.01 in. (40 = 0.3
mm) for molds in use. The height of the molds shall be 1.575
in. with permissible variations of +0.01 in. and —0.005 in.
for new molds, and +0.01 in. and —0.015 in. (0.38 mm) for
molds in use. The inside length of the molds shall be 6.3 +
0.101in. (160 + 2.5 mm). The angle between adjacent interior
faces and top and bottom planes of the mold shall be 90 +
0.5°, measured at points slightly removed from the intersec-
tions of the faces. The base plate shall be approximately ¥z
in. (9.5 mm) in thickness and shall have a plane surface 8 by
7 in. (203 by 178 mm) with a permissible variation in any
2-in. (50-mm) line on the surface of 0.001 in.

5.4 Tamper—The tamper (see Fig. 1) shall be made of
nonabsorptive, nonabrasive material, such as a rubber com-
pound having a Shore A durometer hardness of 80 + 10 or
seasoned oak wood rendered nonabsorptive by immersion
for 15 min in paraffin at approximately 200°C (392°F). The
face of the tamper shall be 7 in. by 3% in. (22 by 83 mm).

5.5 Tamper Guide—The tamper guide (see Fig. 2), shall
be made of metal (such as brass of Rockwell hardness not
less than HRB 55) not attacked by the cement mortar. It
shall lie flat on the mold and shall not protrude over any
interior edge of the form more than 0.015 in. (0.38 mm). The
height of the guide shall be 1.0 in. (25 mm).
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FIG. 1 Tamper

5.6 Trowel—The trowel shall have a steel blade 42 by 10
in. (114 by 254 mm) in length, with straight edges.

5.7 Flexure Testing Device—The centerpoint loading
method shall be used in making flexure tests on the prism
specimens. The device used shall be designed such that the
forces applied to the specimen will be vertical only and
applied without eccentricity. Two devices that accomplish
this purpose, one for use in a compression testing machine
and one for use in a briquet testing machine, are shown in
Figs. 3 and 4. Apparatus for making flexure tests of mortar
specimens shall be designed to incorporate the following
principles:

5.7.1 The distance between supports and points of load
application should remain constant for a given apparatus.

5.7.2 The load should be applied normal to the loaded
surface of the specimen and in such a manner as to avoid
eccentricity of loading.

5.7.3 The direction of the reactions should be parallel to
the direction of the applied load at all times during the test.

5.7.4 The load should be applied at a uniform rate and in
a manner to avoid shock.

5.8 Compression Testing Machine—The compression test-
ing machine used with the flexure testing device, as shown in
Fig. 3, shall be of the hydraulic type with sufficient opening
between the upper bearing surface and the lower bearing

surface of the machine to permit the use of verifying
apparatus.

Note 1—Most hydraulic compression machines designed for break-
ing 2-in. (50-mm) cubes have a relatively small diameter lower bearing
surface directly centered below the upper spherically seated head, on
which close-fitting pedestals of appropriate heights are set for breaking
2-in. cubes and 2 by 4-in. (50 by 100-mm) or 3 by 6-in. (75 by 150-mm)
cylinders. The base plate of the flexure testing apparatus shown in Fig. 3
is designed to rest on the low pedestal intended for tests on 3 by 6-in.
cylinders.

Note 2—In the absence of self-centering arrangements on machines
with large lower bearing surfaces, the center of this surface directly below
the center of the upper spherically seated head shall be accurately
located. A circle or concentric circles of appropriate diameters shall be
scribed on the lower bearing surface around this point. A cylindrical
pedestal of appropriate diameter and height shall be obtained. End faces
of the pedestal must be plane and parallel and at 90° to the axis of the
cylinder. The upper.face shall have a diameter of 3.05 in. (77.5 mm).

5.9 Altered Briquet Testing Machine—The altered briquet
testing machine used with the flexure testing device shall
conform to the requirements prescribed in 4.6 of Test
Method C 190, with the alterations as shown in Fig. 4.

NoTE 3—A number of types of briquet testing machines have
insufficient space between the hangers for the briquet clips and the
frame of the machine to admit the wider assembly needed for flexure
tests on prisms, as shown in Fig. 4. Laboratories intending to convert
briquet machines for this use should check this dimension before
purchase of the adapting equipment.

6. Materials

6.1 Graded Standard Sand:

6.1.1 The sand used for making test specimens shall be
natural silica sand conforming to the requirements for
graded standard sand in Specification C 778.

7. Number of Specimens

7.1 Three or more specimens shall be made for each
period of test specified.

8. Preparing Specimen Molds
8.1 Thinly cover the contact surfaces of the parts of the
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molds with a heavy mineral oil or light cup grease such as
petrolatum. Thinly cover the inter;or faces of the specimen
molds with mineral oil or light cup grease. After assembling
the molds, remove excess oil or grease from the interior faces
and the top and bottom surfaces of each mold. Set the molds
on plane, nonabsorptive base plates that have been thinly
coated with mineral oil, petrolatum, or light cup grease.
Apply a mixture of three parts of paraffin to five parts of
Tosin by weight, or microcrystalline wax heated between 230
and 248°F (110 and 120°C), at the outside contact lines of
the molds and base plates so that watertight joints are
effected between the molds and the base plates.

for Testing 40 by 40 by 160-mm Prisms

-

NoTe 4—Improved bond and watertightness between the mold and
the base plate may be obtained by keeping the bottom of the mold and
the base plate free of oil or grease until after bonding with the
paraffin—rosin mixture but care must be taken in oiling the base plate
thereafter, to avoid any excess in the corners of the angles between sides
of the mold and the base plate.

NoTE 5: Watertight Molds—The mixture of paraffin and rosin
specified for sealing the joints between molds and base plates may be
found difficult to remove when molds are being cleaned. Use of straight
paraffin is permissible if a watertight joint is secured, but because of the
low strength of paraffin, it should be used only when the mold is not
held to the base plate by the paraffin alone. A watertight joint may be
secured with paraffin alone by slightly warming the mold and base plate
before brushing the joint. Molds so treated should be allowed to return

—179—
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to the specified temperature before use.

9. Procedure

9.1 Proportioning, Consistency, and Mixing of Mortars—
The proportioning, consistency, and mixing of the standard
mortar shall be in accordance with the Procedure Section of
Test Method C 109.

9.2 Determination of Flow—The flow shall be determined
in accordance with Test Method C 109.

9.3 Molding Test Specimens:

9.3.1 Immediately following completion of the flow test,
eturn the mortar from the flow table to the mixing bowl.
Quickly scrape down into the batch the mortar that may
have collected on the side of the bowl and then remix the
entire batch 15 s at medium speed. Upon completion of
mixing, the mixing paddle shall be shaken to remove excess
mortar into the mixing bowl.

9.3.2 When a duplicate batch is to be made immediately
for additional specimens, the flow test may be omitted and
the mortar allowed to stand in the mixing bowl for 90 s
without covering. During the last 15 s of this interval,
quickly scrape down into the batch the mortar that may have
collected on the side of the bowl. Then remix for 15 s at
medium speed.

9.3.3 Immediately following remixing of the mortar,
evenly distribute a layer of mortar about ¥ in. (19 mm) in
thickness in each of the three molds with the tamper guide in
place. Then compact the mortar in each mold by twelve
strokes of the tamper, applied in three rounds of four strokes
each, as shown in Fig. 5. Complete the twelve strokes in
about 15 s. For each stroke hold the tamper face in
horizontal position about | in. (25 mm) above the mortar
level and then thrust directly downward with sufficient force
to squeeze out a small amount of mortar from under the
tamping surface. Fill the molds with mortar which shall be
uniformly distributed and tamped in the same manner as the
bottom layer. Then remove the tamper guide and smooth off
the specimens by drawing the flat side of the trowel (with the
leading edge slightly raised) once along the length of the
molds. Cut the mortar off flush with the top of the molds by
the straight edge of the trowel (held nearly perpendicular to
the molds) with a sawing motion over the length of the
molds. Following the cutting operation repair tears or cracks
in the top surfaces and then make the surfaces of the
specimens plane by two or three light longitudinal strokes of
the trowel held with the leading edge slightly raised.

9.4 Storage of Test Specimens—Store the test specimens
in accordance with Test Method C 109.

9.5 Determination of Flexural Strength:

9.5.1 Test the specimens immediately after their removal
from the moist closet in the case of 24-h specimens and from
the storage water in the case of all other specimens. All test

specimens for a given test age shall be broken within the
permissible tolerance prescribed below:

Test Age Permissible Tolerance, h
24h E7%)

3 days =1

7 days *3

28 days %12

When the portions of prisms are to be tested as modified
cubes in accordance with Test Method C 349, test the prisms
early enough so that the modified cubes are also broken
within the above tolerances. If more than one specimen at a
time is removed from the moist closet for the 24-h test, cover
these specimens with waterproof plastic until the time of test.
For older specimens, if more than one specimen at a time is
removed from the storage water for testing, place these
specimens in water at a temperature of 73.4 + 3°F (23 +
1.7°C) and of sufficient depth to completely immerse each
specimen until time of test.

Note 6—The flexural strength of prisms is quickly affected by drying
which produces skin tension in the specimens and yields low strengths.
Specimens for test at 24 h should, therefore, be removed from molds
preferably at that age and tested immediately. If there is a delay in
testing, specimens shall be wrapped in waterproof plastic and placed in
the moist closet until immediately before testing. After breaking, rewrap
in plastic until compressive tests are made.

9.5.2 Wipe each prism to a surface-dry condition, and
remove any loose sand grains or incrustations from the faces
that will be in contact with the bearing surfaces of the points
of support and load application. Check these faces by
applying a straightedge. If there is appreciable curvature,
grind the face or faces to plane surfaces or discard the
specimen. Cloths used for wiping 24-h specimens shall be not
more than faintly damp.

9.5.3 Center the pedestal on the base plate of the machine
directly below the center of the upper spherical head, and
place the bearing plate and support edge assembly on the
pedestal. Attach the center-loading device to the spherical
head. Turn the specimen on its side with respect to its
position as molded and place it on the supports of the testing
device. The longitudinal center line of the specimen shall be
set directly above the midpoint of both supports. Adjust the
center-point loading device so that its bearing edge is at
exactly right angles to the length of the prism and parallel to
its top face as placed, with the center of the bearing edge
directly above the center line of the prism and at the center
of the span length. Take care to ensure that contact between
the specimen and loading edge is continuous when the load
is applied. Apply the load at the rate of 600 + 25 1bf (2640 =
110 N)/min witich shall be indicated within an accuracy of
+1 % on a dial graduated in increments of not more than 10
1bf (44 N). Estimate the total maximum load to the closest 5
Ibf (22 N).

10. Calculation

10.1 Record the total maximum load indicated by the
testing machine and calculate the flexural strength (for the
particular size of specimen and conditions of test herein
described) in pounds per square inch as follows:

10.1.1 In inch-pound units:

S;=18P

where:
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S
/2

flexural strength, psi, and
total maximum load, Ibf.

10.1.2 In SI units:

S;=28P
where:

S; = flexural strength, kPa, and
P total maximum load, N.

11. Faulty Specimens and Retests

11.1 Test specimens that are manifestly faulty or that give
strengths differing by more than 10 % from the average value
of all test specimens made from the same sample and tested
at the same period shall not be considered in determining the
flexural strength. After discarding specimens or strength
values, if less than two strength values are left for deter-
mining the flexural strength at any given period a retest shall
be made.

12. Precision and Bias

12.1 Precision:

12.1.1 The following precision statements are applicable
when a test result is the average of flexural strength tests of
three prisms molded from a single batch of mortar and tested

at the same age. They are applicable to mortars made with
Type I, IA, IS, or IIl cement tested at 3, 7, or 28 days (1, 3, or
7 days for Type III cement).

12.1.1.1 Multilaboratory Precision—The multilaboratory
coefficient of variation has been found to be 8.4 %. There-
fore, results of properly conducted tests of single batches by
two different laboratories should not differ by more than
23.8 % of their average.

Note 7—These numbers represent, respectively, the (Is %) and
(d2s %) limits as described in Practice C 670.

12.1.1.2 Single-Laboratory Precision—The single-labo-
ratory coefficient of variation has been found to be 5.1 %.
Therefore, results of two properly conducted tests of single
batches of mortar made with the same materials either on the
same day or within the same week should not differ from
each other by more than 14.4 % of their average (see Note 7).

12.2 Bias—No statement on bias is being made since
there is no accepted reference material suitable for deter-
mining the bias of this test method.

13. Keywords

13.1 compressive strength; hydraulic cement mortar; hy-
draulic cement strength; mortar strength; strength

For additional information on details of cement test methods, reference may be made to the “Manual of Cement Testing,”
which appears in the Annual Book of ASTM Standards, Vol 04.01.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.




————————

——
2k st i~
T

qm Designation: C 373 - 88

e et o i . s

Standard Test Method for

Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of Fired Whiteware Products’

This standard is issued under the fixed designation C 373; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers procedures for determining
water absorption, bulk density, apparent porosity, and ap-
parent specific gravity of fired unglazed whiteware products.

1.2 This standard may involve hazardous materials, oper-
ations, and equipmert. This standard does not purport to
address all of the safety problems associated with its use. It is
he responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Significance and Use

2.1 Measurement of density, porosity, and specific gravity
is a tool for determining the degree of maturation of a
ceramic body, or for determining structural properties that
may be required for a given application.

3. Apparatus and Materials

3.1 Balance, of adequate capacity, suitable to weigh accu-
rately to 0.01 g. '

3.2 Oven, capable of maintaining a temperature of 150 +
5°C (302 + 9°F).

3.3 Wire Loop, Halter, or Basket, capable of supporting
specimens under water for making suspended mass measure-
ments.

3.4 Container—A glass beaker or similar container of
such size and shape that the sample, when suspended from

“1e balance by the wire loop, specified in 3.3, is completely
immersed in water with the sample and the wire loop being
completely free of contact with any part of the container.

3.5 Pan, in which the specimens may be boiled.

3.6 Distilled Water.

4. Test Specimens

4.1 At least five representative test specimens shall be
selected. The specimens shall be unglazed and shall have as
much of the surface freshly fractured as is practical. Sharp
edges or corners shall be removed. The specimens shall
contain no cracks. The individual test specimens shall weigh
at least 50 g.

5. Procedure
5.1 Dry the test specimens to constant mass (Note) by

! This test method is under the jurisdiction of ASTM Committee C-21 on
Ceramic Whitewares and Related Products and is the direct responsibility of
Subcommittee C21.03 on Fundamental Properties.

Current edition approved Sept. 30, 1988. Published November 1988. Originally
published as C 373 - 55 T. Last previous edition C 373 - 72 (1982).

heating in an oven at 150°C (302°F), followed by cooling in a
desiccator. Determine the dry mass, D, to the nearest 0.01 g

NoTe—The drying of the specimens to constant mass and the
determination of their masses may be done either before or after the
specimens have been impregnated with water. Usually the dry mass is
determined before impregnation. However, if the specimens are friable
or evidence indicates that particles have broken loose during the
impregnation, the specimens shall be dried and weighed after the
suspended mass and the saturated mass have been determined, in
accordance with 5.3 and 5.4 In this case, the second dry mass shall be
used in all appropriate calculations.

5.2 Place the specimens in a pan of distilled water and boil
for 5 h, taking care that the specimens are covered with water
at all times. Use setter pins or some similar device to separate
the specimens from the bottom and sides of the pan and
from each other. After the 5-h boil, allow the specimens to
soak for an additional 24 h.

5.3 After impregnation of the test specimens, determine
to the nearest 0.01 g the mass, S, of each specimen while
suspended in water. Perform the weighing by placing the
specimen in a wire loop, halter, or basket that is suspended
from one arm of the balance. Before actually weighing,
counterbalance the scale with the loop, halter, or basket in
place and immerse in water to the same depth as is used
when the specimens are in place. If it is desired to determine
only the percentage of water absorption, omit the suspended
mass operation.

5.4 After the determination of the suspended mass or after
impregnation, if the suspended mass is not determined, blot
each specimen lightly with a moistened, lint-free linen or
cotton cloth to remove all excess water from the surface, and
determine the saturated mass, M, to the nearest 0.01 g
Perform the blotting operation’ by rolling the specimen
lightly on the wet cloth, which shall previously have been
saturated with water and then pressed only enough to re-
move such water as will drip from the cloth. Excessive
blotting will introduce error by withdrawing water from the
pores of the specimen. Make the weighing immediately after
blotting, the whole operation being completed as quickly as
possible to minimize errors due to evaporation of water from
the specimen.

6. Calculation

6.1 In the following calculations, the assumption is made
that 1 cm® of water weighs | g. This is true within about 3
parts in 1000 for water at room temperature.

6.1.1 Calculate the exterior volume, V, in cubic centi-
metres, as follows:

V=M-S
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6.1.2 Calculate the volumes of open pores Vop and

impervious portions ¥jp in cubic centimetres as follows:
‘op=M—=D
Ve=D-S§

6.1.3 The apparent porosity, P, expresses, as a percent, the
relationship of the volume of the open pores of the specimen
to its exterior volume. Calculate the apparent porosity as
follows:

P=[(M - D)/V] x 100

6.1.4 The water absorption, A, expresses as a percent, the
relationship of the mass of water absorbed to the mass of the
dry specimen. Calculate the water absorption as follows:

A= [(M - D)/D] x 100

6.1.5 Calculate the apparent specific gravity, T, of that
portion of the test specimen that is impervious to water, as
follows:

T=D/(D-S5)

6.1.6 The bulk density, B, in grams per cubic centimetre,
of a specimen is the quotient of its dry mass divided by the
exterior volume, including pores. Calculate the bulk density
as follows: I

B=DJV
7. Report

7.1 For each property, report the average of the values
obtained with at least five specimens, and also the individual
values. Where there are pronounced differences among the
individual values, test another lot of five specimens and, in
addition to individual values, report the average of all ten
determinations.

8. Precision and Bias

8.1 This test method is accurate to 0.2 % water absorp-
tion in interlaboratory testing when the average value
recorded by all laboratories is assumed to be the true water
absorption. The precision is approximately + 0.1 % water
absorption on measurements made by a single experienced
operator.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Crazing Resistance of Fired Glazed Whitewares by Autoclave

Treatment’

This standard is issued under the fixed designation C 424: the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the
crazing resistance of fired glazed whitewares using the auto-
clave treatment and under the conditions specified in this
test method.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

2. Significance and Use

2.1 This test method is particularly useful for porous
materials that can exhibit moisture expansion.

2.2 This test method is a primary test method that is
suitable for use in specifications, quality control, and re-
search and development. It can also serve as a referee test
method in purchasing contracts or agreements.

3. Apparatus

3.1 Autoclave—An autoclave built for a steam pressure of
at least 275 psi (1.9 MPa), and preferably with sufficient
capacity to contain at least ten specimens. The apparatus
shall be equipped with a safety valve, a blow-off valve,
pressure gage measuring pressure above atmospheric pres-
sure with an accuracy of +5 psi (34 kPa), and a source of
heat of sufficient capacity to ensure a constant steam pres-
sure within the autoclave.

4. Number of Specimens

4.1 The crazing test shall be made on at least ten identical
uncut specimens having facial dimensions up to and in-
cluding 6 by 6 in. (152 by 152 mm) or 6 by 8 in. (152 by 200
mm). For larger specimens, specifically tile products, five
samples will suffice and these may be cut to facilitate entry
into the autoclave. However, all cut pieces should be as large
as possible and all cut pieces are to be tested.

5. Procedure
5.1 Placement of Specimens in the Autoclave—Place a

! This test method is under jurisdiction of ASTM Committee C-21 on Ceramic
Whitewares and Related Products and is the direct responsibility of Subcommittee
C21.03 on Fundamental Properties.

Current edition approved July 15. 1993. Published September 1993. Originally
published as C 424 - 58 T. Last previous edition C 424 - 92.

sufficient amount of distilled water in the autoclave so that
after the test a slight excess of water will remain. Place all
specimens on a suitable support at least 2 in. (51 mm) above
the water line within the autoclave at room temperature.
Fasten the autoclave head securely in place.

5.2 Operation of Autoclave—Gradually heat the water in
the bottom of the autoclave. Keep the blow-off valve open
for several minutes after steam begins to escape, thereby
expelling most of the air. After closing the blow-off valve,
increase the steam pressure at a uniform rate until the
desired pressure is reached within a period of not less than 45
min nor exceeding 1 h. Apply sufficient heat to maintain the
indicated pressure constant (+2 psi (14 kPa)) for an addi-
tional hour. Shut off the heat source and release the steam
pressure immediately by opening the blow-off valve.

5.2.1 If it is desirable to ascertain whether failure occurs
due to rehydration only, the blow-off valve should be
cracked only and the steam released slowly over a period of
30 min. If this method of steam release is used, the report
shall so state.

5.3 Removal of Specimens from Autoclave—Loosen the
autoclave head and allow the specimens to cool in place for
30 min. Remove the specimens and allow to cool at room
temperature for an additional 30 min before examination.

5.4 Examination of Specimens for Crazing Failures—Use
obligue lighting and the application of a suitable ink or dye
solution upon the glazed surfaces to aid in the detection and
examination of crazing failures. Consider only those failures
visible to the naked eye.

5.5 Pressure Schedule—Make the initial test at 50 psi (345
kPa). If any or all of the specimens show no crazing, repeat
the test on the uncrazed pieces at 100 psi (689 kPa) and, if
necessary, at increasing intervals of 50 psi until all specimens
have crazed, or until a pressure of 250 psi (1.7 MPa) has been
reached. Successive tests shall be separated by a time interval
not exceeding 24 h. If it is desired to use this procedure in
conjunction with a product specification, the test may be
limited to one or more of these specified pressures.

6. Report

6.1 Report the following information:

6.1.1 Identification of specimens.

6.1.2 Number of specimens tested.

6.1.3 Identification of ink or dye solutions used in exam-
ination of specimens.

6.1.4 Table listing each steam pressure, in pounds per
square inch (or pascals), with the number of specimens
failing at each pressure,

6.1.5 Average failure pressure, calculated by multiplying
each pressure by the number of specimens failing at that
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pressure and dividing the sum of these products by the total 7. Precision and Bias

number of pieces tested (specimens having withstood the 7.1 Duplicate determinations should not differ by more
200-psi (1.4-MPa) test shall be said to have failed at 250 psi than 50 psi (0.34 MPa).
(1.7 MPa) for the purpose of calculation), and 7.2 Bias has not been determined.

6.1.6 Time consumed for steam release, if the pressure

E - . 8. Keywords
was not released immediately at the conclusion of each test.

8.1 autoclave; crazing; crazing resistance

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Test Method for

Bond Strength of Epoxy-Resin Systems Used With Concrete

By Slant Shear’

This standard is issued under the fixed designation C 882: the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific vear of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This test method covers the determination of the bond
strength of epoxy-resin-base bonding systems for use with
portland-cement concrete. This test method covers bonding
hardened concrete to hardened or freshly-mixed concrete.

1.2 The values stated in inch-pound units are to be
regarded as the standard. SI units may be approximate.

1.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. A specific hazard
statement is given in Section 8.

2. Referenced Documents

2.1 ASTM Standards:

C 39 Test Method for Compressive Strength of Cylindrical
Concrete Specimens?

C 109 Test Method for Compressive Strength of Hydraulic
Cement Mortars (Using 2-in. or 50-mm Cube Spe-
cimens)?

C 192 Practice for Making and Curing Concrete Speci-
mens in the Laboratory?

C 511 Specification for Moist Cabinets, Moist Rooms and
Water Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes™?

C 617 Practice for Capping Cylindrical Concrete Speci-
mens

C 881 Specification for Epoxy-Resin-Base Bonding Sys-
tems for Concrete”

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:
3.1.1 See Section on Terminology of Specification C 881.

4. Summary of Test Method

4.1 The bond strength is determined by using the epoxy
system to bond together two equal sections of a 3 by 6-in.
(76.2 by 152.4-mm) portland-cement mortar cylinder, each

! This test method i1s under the jurisdiction of ASTM Committee C-9 on
Concrete and Concrete Aggregates. and is the direct responsibility of Subcom-
mittee C09.25 on Organic Materials.

Current edition approved March 15. 1991. Published May 1991. Originally
published as C 882 - 78. Last previous edition C 882 - 87.

2 Annual Book of ASTM Standards. Vol 04.02.

3 Annual Book of ASTM Stundards. Vol 04.01
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section of which has a diagonally cast bonding area at 3
30-deg angle from vertical. After suitable curing of the
bonding agent, the test is performed by determining the
compressive strength of the composite cylinder.

5. Significance and Use

5.1 The strength developed by a bonding system that joins
two regions of concrete is its most important property.

6. Apparatus

6.1 Apparatus to Mix Portland-Cement Morlar—Thls
apparatus shall be as described in Test Method C 109, except
for the sections on specimen molds, tamper, and testing
machine.

6.2 Specimen Molds—The molds shall be constructed it
the form of right cylinders, 3 + Vi6 in. (76.2 £ 1.6 mm) in’_’
inside diameter and 6 + Y6 in. (152.4 + 1.6 mm) high. Al
molds shall be either selected or machined so that the
maximum range of the differences in each of the dimensions,
of the group of molds is less than Y64 in. (0.4 mm). Thj
molds shall be made of metal not attacked by portlands;
cement mortar. The side of the mold shall be sufficiently;
rigid to prevent spreading or warping. The molds shall bg
made watertight before use. A satisfactory material for this:
purpose is the paraffin-rosin mixture described in Test!
Method C 109.

6.3 Dummy Section—A dummy section (Fig. 1) shall b&
machined of a hard material that is not attacked b¥§
portland-cement mortar. It shall fit the mold and be equal 10,
half the volume of the cylinder, but at an angle of 30° frorg
the vertical. Additional dummy sections can be made b
casting an epoxy-resin mortar against the machined dummg
section contained in a specimen mold. Due precautionsp
such as waxmg, shall be taken to prevent the bonding of th
epoxy-Tesin mortar to the machined dummy section or th
mold. .

6.4 Tamping Rod—The tamping rod shall be a round ro.d/"
of brass or plastic, ¥ in. (10 mm) in diameter and approxt
mately 12 in. (300 mm) long, having both ends rounded
hemispherical tips.

6.5 Apparatus for Mixing Epoxy-Resin Bonding System—
A glass, plastic, or metal container of approximately 100-C1:
capacity shall be used to hand-mix the bonding system.
spatula or wooden stick of similar dimensions shall be !
as a paddle.

6.6 Teslmg Machine—The testing machine shall bé 3‘
described in Test Method C 39.
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Dimensions
in. mm
(- Diameter 3.000 76.2
—Height 5.598 142.2
= Slant height 6.000 152.4
< height 0.402 10.2

FIG. 1 Dummy Section

<6.7 Moist Room—The moist room shall conform to the
Fequirements of Specification C 511. .

6.8 Temperature-Conditioning Chambers—Rooms or
fhambers in which the temperature is maintained appro-

riate to the class of the resin system being tested, in
&rdance with Specification C 881.

'%“'Mnterials

ﬁ.l Laboratory conditions, materials, proportions, and
sprocedures for mixing the portland-cement mortar shall be
n accordance with Test Method C 109.

§ 7.2 Lightly oil the dummy section and the cylinder mold.
Position the dummy section in the mold with the slant side
§ Place the portland-cement mortar in the mold in three

‘ilayers of approximately equal volume. Rod each layer with
-43:strokes of the tamping rod. Distribute the strokes uni-

f‘fonnly over the section and rod deeply enough to penetrate

. Into any underlying layer. Rod the bottom layer as deeply as

ossible. Strike off the surface of the top layer with the
itrowel, and cover the specimen and mold with a glass or
Jnetal plate. Cure the mortar half-cylinder in accordance
¥ith Method C 192 for at least 28 days. Then dry the
<cylinder in laboratory air for at least 7 days. As an
Uternative, a complete 3 by 6-in. (76.2 by 152.4 mm)
Olinder may be cast and, after cure, may be saw-cut at an
‘angle of 30°.
573 A 3 by 6-in. (76.2 by 152.4-mm) cylinder of the
 Dortar shall have a compressive strength, when tested in
:8ccordance with 11.3, of at least 4500 psi (13 MPa) at 7-days
:ge, calculated on the basis of the normal cross-sectional area
“of the cylinder (7.07 in.2 (4560 mm?2)).

8. Hazards

8.1 Warning—Epoxy resins contain irritants, especially to
skin, eyes, and respiratory system. Persons handling these
Materjals shall use appropriate protective clothing, including
r“va:r or plastic gloves. If an epoxy resin should contact the
n, it shall be removed immediately with a dry cloth or
Paper towel, and the area of contact shall be washed
Oroughly with soap and water. Solvents shall not be used,

because they carry the irritant into the skin. Cured epoxy
resins are innocuous.

9. Sampling
9.1 Take samples in accordance with Specification C 881.

10. Test Specimens

10.1 Three complete test specimens are required for all
Types of resin systems.

10.2 Conditioning:

10.2.1 Types I, 111, 1V, VI, and VII Systems—Condition
the resin system components, the mortar sections, and all
equipment that will contact the resin to the temperatures
appropriate for the class of resin system used, as specified in
Specification C 881, except for Type VI and Type VII
systems condition the mortar sections and all the equipment
and materials at the highest temperature specified in Specifi-
cation C 881.

10.2.1.1 Prepare the test specimens at these temperatures
and make provision for maintaining them at these tempera-
tures during the entire cure time. Prepare the surface to be
bonded by sandblasting and dry brushing to remove all loose
surface material.

10.2.1.2 Use mortar sections and assemblies that have
been soaked in water for 24 h. Place the face of the mortar
sections to be bonded on an absorbent material for 10 min
prior to applying the adhesive. For assembled test specimens,
remove all water by shaking. Allow to air dry for 15 min.

10.2.2 Type II and Type V Systems—Since Type II and
Type V resins are appropriate for use only at temperatures
that permit strength gain of the freshly prepared concrete,
only the conditioning temperature for a Class C resin, 73 +
1.8°F (23 = 1°C), need be provided.

10.3 Specimen Preparation:

10.3.1 Type I, III, IV, VI, and VII, Grade 2 or 3
Systems—Two mortar sections will be needed for each test
specimen. Wrap 4 mil (100 um) of polyethylene film 6 by 20
in. (152 by 508 mm) around one section of each pair, even
with the base and secure with masking tape. Thoroughly mix
the components of the bonding system in the proportions
recommended by the formulator. A mixing time of 3 min
should suffice. Support the film-wrapped mortar section so
that the prepared bonding surface is horizontal.

10.3.1.1 To test Grade 2 systems, apply a 20 mil (0.512
pm) layer of the bonding systems to the prepared elliptical
surface of the film wrapped mortar section. Using Grade 3
systems, apply a 20 mil (0.512 pm) layer of bonding system
on the prepared elliptical surface of the mortar section not
film wrapped. For the determination of contact time (C-881)
of Type VI and VII systems, apply a Yie-in. (1.6-mm) layer
to the prepared elliptical surface of both mortar sections.

10.3.1.2 Insert mortar sections not film wrapped into the
cylinder formed by film surrounding other mortar sections
and squeeze out the excess resin through a hole, or holes,
punched in the film at the bondline, while keeping the joint
horizontal. Secure the assembly with sufficient additional
masking tape placed around the film. Be sure the joint is
entirely filled. Keep the bonded joint horizontal for 48 h,
then remove all the masking tape.

10.3.2 Typel, 111, and IV, Grade I Systems—Two mortar
sections will be needed for each test specimen. Prepare the
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elliptical bonding surface as described in 10.2. Place the two
halves of the specimen together, forming a gap approxi-
mately 20 mil (0.512 pm). Wrap masking tape around the
periphery of the specimen close to each end. Place additional
tape along the joint. Coat the tape over the joint with hot
paraffin. Support the specimen so that the taped joint is
vertical. Cut a slit in the tape to expose approximately % in.
(20 mm) of the upper portion of the joint. Slowly pour the
resin bonding system into the exposed joint until it is
completely filled. Keep the joint vertical for 48 h, then
remove all masking tape.

10.3.3 Type II and V Systems—One hardened mortar
section will be needed for each test specimen. Prepare the
mortar surface as described in 10.2, but do not tape around
the edge. Mix the components of the bonding system as
described in 10.3. Brush the bonding system on the prepared
surface. Place the primed mortar section in the cylinder
mold that has previously been lined with a 4-mil (100-um)
polyethylene sheet. Support the mold so that the bonding
surface of the mortar section is horizontal. Place a layer of
freshly mixed portland-cement mortar over the primed
surface to a depth of approximately /2 in. (13 mm). Rod the
layer with the tamping rod gently, so as to disturb the layer of
resin as little as possible. Place the mold in its normal vertical
position, and place additional mortar into the mold in two
layers of approximately equal volume. Rod each layer with
25 strokes of the tamping rod. Distribute the strokes over the
cross section, and make them deep enough to penetrate into
the underlying layer. Strike off the surface of the top layer
with the trowel, and cover the mold with a glass or ‘metal
plate. '

10.4 Curing:

10.4.1 Typel, 111, IV, VI, and VII Systems—Maintain all
specimens at the preparation temperature in a moist room
for the specified period of time.

10.4.2 Type II and V Systems—Demold the test speci-

mens and cure in accordance with the curing section off
Practice Method C 192.

11. Procedure

11.1 Remove the specimens from the cure environmeng
after the specified time.

11.2 Capping—Cap the specimens immediately after reg
moval from curing in accordance with Practice C 617,

11.3 Strength Testing—Test the specimens at 73 + L8R
(23 = 1°C) in compression after capping in accordance withg
Test Method C 39.

12. Calculation

12.1 Calculate the bond strength of the resin bonding
system by dividing the load carried by the specimen at failurg
by the area of the bonded surface (Note). Reduce the area-og
the bonded surface by that of any voids found in the bond om
inspection after test. Report the results to the nearest 10 p,
(0.1 MPa). !

Note—The area of the elliptical bonding surface of the test cylindery
specified in this test method is 14.13 in.2 (9116 mm?2).

13. Report

13.1 Report the following information:

13.1.1 Identification number,

13.1.2 Bond strength,

13.1.3 Bonding area,

13.1.4 Number and total area of voids in the bond,

13.1.5 Type and position of the fracture (in the bond’m’
material, in the mortar, or in the interface between them
and

13.1.6 Defects in either the specimen or the cap.

14. Precision and Bias

14.1 Precision—The precision for this test method is still
being developed.

14.2 Bias—This test method has no bias since the valut
determined can only be defined in terms of this test meth

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards

and should be addressed to ASTM Headquarters. Your

technical committee, which you may attend. If you feel that your

will receive careful i ata

ing of the responsible
have not

ived a fair h g you should make your

views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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45'"') Designation: D 4061 - 93b

Standard Test Method for

Retroreflectance of Horizontal Coatings’

This standard is issued under the fixed designation D 4061; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

#c0pe
"i’his test method describes the instrumental measure-
ﬂjdf the retroreflective properties of horizontal surfacing
aerials, such as traffic stripe paint systems, traffic tapes,
guraffic surface symbols.
.,zz,lspecimen preparation, size, and shape must be deter-
uned and specified by the user of this test method.
ise, the user must specify the observation and entrance
aacs to be used (see Fig. 1).
_m3.The geometric requirements of this test method are
§d.on materials for which the relative retroreflectance
¢s less than approximately 50 % over the observation
‘range from 0.2 to 0.5°. This is illustrated in Fig. 2.
wet This test method is a laboratory test and requires a
yy that can be darkened sufficiently so that stray light
sanot affect the test results. This facility must be capable
wyusing the required 15-m test distance.
aarThis standard does not purport to address all of the
problems, if any, associated with its use. It is the
sunsibility of the user of this standard to establish appro-
W&fe safety and health practices and determine the applica-
of regulatory limitations prior to use.

Referenced Documents

BYUSTM Standards:

@84 Terminology of Appearance?

8308 Test Method for Computing the Colors of Objects
W57 Using the CIE System?

B808 Practice for Describing Retroreflection?

8809 Practice for Measuring Photometric Characteristics
®ot Retroreflectors?

wtcCIE Publication:

87’54 Retroreflection Definition and Measurement

E¢rminology

Bl,Terms and definitions in Terminology E 284 are
Biicable to this test method.

2 Definitions:

H’?"Coeﬂicient of retroreflected luminance, R,, n—ratio
¢ luminance, L, of a projected surface to the normal
Wunance, £, at the surface on a plane normal to the

~—

Q8 test method is under the jurisdiction of ASTM Committee E-12 on
%.aud is the direct responsibility of Subcommitice E12.10 on

> on.
.ﬂt“ edition approved Sept. 15, 1993. Published November 1993. Originally
“‘.W:ls D 4061 - 89. Last previous edition D 4061 - 93a.
‘!ﬁh Book-of ASTM Standards, Vol 06.01.
B l;l)e 'f:::ll U.S. National Committee, CIE (International Commission on
icati , TLA Lighti ltants, 72 ve.,
8 m01970, ons Office, T Lighting Consultants, Loring Ave

incident light, expressed in candelas per square metre per lux
(cd-m~2-1x~").

3.2.2 datum mark, n—in retroreflection, an indication on
the retroreflector that is used to define the orientation of the
retroreflector with respect to rotation about the retroreflector
axis.

Discussion—The datum mark must not lie on the retrorefiector axis.

R, =(L/E,)

3.2.3 entrance angle, 8, n—in retroreflection, angle be-
tween the illumination axis and the retroreflector axis.

Discussion—For plane retroreflective surfaces, the entrance angle is
no larger than 90°.

DiscussioN—The entrance angle may be divided into components 8,

and 8,. This is described in Practice E 808. In this test method only the
component B, is used. Therefore, where only the entrance angle g is

Y. SR

RETHORI FLECTOR
A

\%"041

= iy,

@:\a},‘s‘”m

Note—Includes observation angle a, entrance angle 3, viewing angle »,,
co-viewing angle v.. and co-entrance angie 3. The retroreflector axis, illumination
axis, and observation axis all lie in the same plane.

FiG. 1 Diagram lllustrating Geometry for Measurement of
Horizontal Coatings Specimens

RELATIVE SPECIFIC LUMINANCE

so
0 ; !
o 0.5 1.0 1.5
Observarion Angle,®
FIG. 2 lllustration of Typical Rate of Change of Retroreflectance

Versus Observation Angle for Horizontal Retroreflective Material
Measured at 86° Entrance Angle

T P R vy - (L TP 1 T TR ST WL A e G
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FIG. 3 Arrangement of Test Apparatus

specified the convention used is 3, = 0 and 8, = 8.

3.2.4 illumination axis, n—in retroreflection, a line from
the effective center of the source aperture to the retroreflector
center.

3.2.5 normal illuminance, E,—the illuminance on a
retroreflective surface measured in the plane that passes
through the retroreflector center and is perpendicular to the
illumination axis; measured in lux (lumens-m™2).

3.2.6 observation angle, n—angle between the axes of the
incident beam and the observed (reflected) beam, (in
retroreflection, «, between the illumination axis and the
observation axis).

Discussion—The observation angle is always positive and in the
context of retroreflection is restricted to small acute angles.

3.2.7 observation axis, n—in retroreflection, a line from
the effective center of the receiver aperture to the
retroreflector center.

3.2.8 receiver, n—the portion of a photometric instru-
ment that receives the viewing beam from the specimen,
including a collector such as an integrating sphere, if used,
often the monochromator or spectral filters, the detector,
and associated optics and electronics.

3.2.9 retroreflection, n—reflection in which the reflected
rays are preferentially returned in directions close to the
opposite of the direction of the incident rays, this property
being maintained over wide variations of the direction of the
incident rays. (CIE)#

3.2.10 retroreflector axis, n—a designated line segment
from the retroreflector center that is used to describe the
angular position of the retroreflector.

—191—

DiscussioN—The direction of the retroreflector axis is usually chomms
centrally among the intended directions of illumination; for exammes
the direction of the road on which or with respect to which‘pm
retroreflector is intended to be positioned. In testing horizontal roll
markings the retroreflector axis is usually the normal to the test surpQil

3.2.11 rotation angle, ¢, n—angle indicating the orenoss
tion of the specimen when it is rotated about a selectecl_ s
fixed in it (for plane specimens, usually the specimess
normal); in retroreflection, the dihedral angle from Uill
half-plane originating on the retroreflector axis and v
taining the positive part of the second axis to the ha!f-p”
originating on the retroreflector axis and containing
datum mark.

DiscussioN—The rotation angle shown in Fig. 3, with the dafgiRl
mark oriented away from the source, is 0°.

3.2.12 source, n—an object that produces light or ofbas
radiant flux.

3.2.13 specific luminance—see coefficient of retroreflectes
luminance.

3.2.14 viewing angle, v—the angle between the obseryss
tion axis and the retroreflector axis.

DiscussioNn—In testing road markings specimens, the retroﬁw
axis is usually the normal to the test surface (see definitio!
retroreflector axis).

3.3 Descriptions of Terms Specific to This Standard: )

3.3.1 co-entrance angle, B, n—the complement of U8
entrance angle (90° — ).

3.3.2 co-viewing angle, v,
viewing angle (90° — 7).

Discussion—On a typical test specimen, this is the angle fmm’?
plane surface of the material to the observation axis.

n—the complement of A
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sjssummary of Test Method

: | This test method involves the use of a light-projector
.!‘.‘ 5 . a photoreceptor, a specimen holder, and a receptor-
" rce support, all arranged with approximately 15-m sepa-
“ton between the specimen holder and receptor-source
= ort in a suitable darkened area. The observation angle is
gcrally small (0.2 to 2.0°) and the entrance angle ap-
ipaches 90° (the light is near the grazing angle).
ﬂﬂ The general procedure is to determine the ratio of the
reflected light from the test surface to the incident light
\the test surface. From these measurements, the photo-
igetnc quantity, specific luminance is calculated.

gxSignificance and Use

51 The quantity coefficient of retroreflected luminance is
@gasute of the reflected luminance in the direction of the
moerver. This is the light returned by the retroreflective
aitice to the observer from the source, which in practice is
yehicle headlamp.
@42 This test method may be used as a measure of the
gighttime performance of horizontally applied surfacing
fgaterials used on highway surfaces for lane markings and
rouier traffic control purposes.
§85.3 Since this test method is a laboratory procedure, test
mecimens must be prepared so that they can be mounted on
fne specimen holder. Specimens measured by this laboratory
pmethod may be used as transfer standards for the calibration
@ portable instrumentation.
#&5.4 Specimen selection and preparation may significantly
gafluence the results of this test method.

[EApparatus
.1 Light Source, projector type, meeting the following
gquirements:*

&.1.1 Color Temperature—The projecticn lamp together
wmth the projection optics shall be operzted so that they
guuminate the test specimen with the spectral energy distri-
mxmon of the 1931 CIE Standard Source A’ (a correlated
Bmwor temperature of 2856 K). A method for determining
Mdmrelated color temperature is contained in Annex A3 of
BBactice E 809.

B.1.2 Exit Aperture—The source exit aperture shall be 43
| maximum diameter. This corresponds to 10 min of arc

L aperture at 15 m test distance. In practice, it is
EDnvenient to provide the projection with a non-silvered
BNt angle prism so that the external physical size of the exit
Wxwre is small, allowing its close proximity to the entrance
&xnure of the photoreceptor.

.13 [lluminated Area—The illumination at the spec-

RN produced by the projector shall be such that only the
‘Surface and a minimum of the background is illumi-

maaccd. This is commonly accomplished by placing a restric-

.‘“_ﬂperture in the projector slide port.®

1.4 Source Stability—The source shall be regulated such

\

ummmercial slide projector with 7-in. F-3.5 lens and with the heat absorbing
Oved has been found satisfactory as a light source. Such a projector must
8 8 reduced voltage to achieve the required color temperature and to provide
e amp stability.
@ Test Method E 308, Table 3.
Adlide with 5 3-mm by 15-mm opening has been found satisfactory.

that the illumination at the test surface does not change by
more than =1 % for the duration of the test.

6.1.5 Ilumination Uniformity—The illumination pro-
duced on the specimen surface shall be uniform within =5 %
of the average illuminance normal to the source at the test
distance.

6.2 Photoreceptor.” meeting the following requirements:

6.2.1 Sensitivity—The photoreceptor shall have sufficient
sensitivity and range so that readings of both the incident
illuminance and the retroreflected light at the observation
position can be measured with a resolution of at least 1 part
in 50 on the readout scale.

6.2.2 Spectral Response—The spectral response of the
photoreceptor shall match that of the 1931 CIE Standard
Photopic Observer.® See Annex Al of Practice E 809.

6.2.3 Stability—The receptor response shall not vary
more than *1 % for the duration of the test.

6.2.4 Linearity—The linearity of the photometric scale
over the range of readings t0 be taken shall be within 1 %.
Correction factors may be used to ensure linear response. A
method for determining linearity is contained in Practice
E 809, Annex A2.

6.2.5 Field of View—The field of view shall be limited by
use of light baffles or a field aperture on the instrument so
that the entire test specimen is fully within the field of view
vet as much stray light is rejected as is practical. A back-
ground light level less than 5 % of smallest m, reading (see
7.6) is desirable. When background levels are greater than
5 %, careful attention must be given to noise levels.

6.2.5.1 In this test, the receptor's field of view must always
be larger than the projected area of the test specimen.

6.2.6 Entrance Aperture—The photoreceptor shall be pro-
vided with an entrance aperture of 43 mm maximum
diameter. This is equivalent to 10 min angular aperture at 15
m. The physical size of the entrance aperture must be small
so that the photoreceptor mav be positioned physically close
to the source exit aperture.

6.3 Specimen Holder—The specimen holder, commonly
custom built to fit the desired specimen size and shape, must
meet the following requirements (see Figs. 4 and 5).

6.3.1 Angular Accuracy—The test ssurface must be
positionable so that the entrance angle is accurate to within
0.5 % of its complement (that is, for 86° entrance angie, the
angle must be accurate to 0.005 X 4° = 0.02°). This accuracy
may be obtained by providing an optical means to align the
test surface to 90° entrance angle and then adjusting to the
desired entrance angle. (See Figs. 6 through 9 for examples of
angular setti»g devices.)

6.3.2 Entrance Angle Axis—A means must be provided to
change the entrance angle such that the axis of rotation is
contained in the plane of the test surface if several entrance
angles are to be used.

6.3.3 Leading Edge Reflections—The specimen holder
must be provided with a means of eliminating reflections

7 Commercially available instruments commonly referred to as telephotometers
have been found satisfactory for this purpose.

% The 1931 CIE Standard Photopic Observer is identical to the y-bar function of
the 1931 CIE Standard Colorimetric Observer. which is tabulated in Test Method
E 308, Table 1.
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FIG. 4 Example of Specimen Holder Using Machinist’s Rotary
Table

from the leading edge of the specimen, and the holder itself
must be non-reflective.

6.3.4 Incident Light Measurement Provision—1t ig degy
able that the specimen holder be such that the photo
can easily be substituted for the specimen, which is requn‘
when incident light measurements are taken. i

6.4 Receptor-Source Support—A device that adeq
supports and separates the photoreceptor from the S0
the observation position. The required accuracy of -
tion of the source exit aperture from the photo
entrance aperture is dependent on the properties of the
specimen. For most horizontal surfacing materials, *
divergence patterns are gradual and a positioning accuraéy
+1 mm (or +0.5 % of the resolution) at 15 m test distanceq
adequate. A common method of fixing this distance is?
provide a bar with holes machined in it at separations‘e:o.
responding to the desired observation angles. In this methg
the minimum practical observation angle is about 0.2°.: R

6.5 Photometric Site—Sufficient space is required so tha
the projector source and test surface can be separated:iijj
about 15 m. This facility must be such that stray light dog
not appreciably affect the test results. Flat black paint, blatj§
curtains, black tape, and other means shall be useqiyr
eliminate unwanted light and stray reflections.

7. Test Specimens

7.1 The preparation of test specimens is not described fe
this test method. For example, the user of the test methoy

Incident
light —_—
direction

Pivot (adjustable
for specimen thickness)

Slotted bracket (adjustable
for specimen thickness)

s I

Positioner with
holes drilled
corresponding to
90° entrance
angle and other
desired angles
(adjustable for
optically setting
at 90°)

Edge light blocking
device (adjustable
for specimen

-

thickness)

Side view

FIG. 5 Example of Specimen Holder With Fixed Entrance Angles Positions
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£

ust describe a method of application of glass beads to a
ginted surface. o

#°72 To obtain a flat surface, the test material is usually
hered to an aluminum backing or other suitable substrate
& that the material lies flat for testing.

“q 3 Typically, the area of the test specimen may be 100 by
350 mm or about 0.05 m? (ft?). :

§; Procedure

g1 Set up the specimen holder so that the center of the
specimen is separated by approximately 15 m (test
ces between 14 and 16 m are satisfactory) from the exit
ure of the light source. Measure the test distance
itely to within 10 mm. Align the specimen holder by
stical means (autocollimation) to the zero position so that
test surface is at a grazing angle to the source (that is, 90°
trance angle) (see Figs. 6 through 9). The normal to the

Alignment block with
f holes equally spaced from

test surface must be in the plane determined by the source
exit aperture, receptor entrance aperture and the specimen
center, and must also be on the same side of the source as the
receptor (this corresponds to a 0° presentation angle, defined
in Practice E 808).

8.2 Substitute the photoreceptor for the test specimen and
measure the illumination at five equally spaced locations at
positions to be occupied by the test specimen. For these
measurements, the receptor entrance aperture must be in a
plane normal to the source and this plane must pass through
the position to be occupied by the center of the test spec-
imen. The source exit aperture is to be centered in the field
of view of the receptor. Record the mean of the five readings
as the incident illuminance measurement, m,. Individual
readings must not vary by more than +5 % from this mean.
Background light from directions other than the projector
exit aperture must be less than 0.1 % of the reading m,.

Pin centered
on surface
specimen

retroreflective surface
P—3 e — =
) - Specimen Qo
. and backing
e T
«,t 1 5
ol Mo ey L e
Support
plate
Pivot centered
on surface
_P Accurately
tan (90° - §) = q predrilleed
holes for
pins
= +

) P
— == Cn)]:]—f'

FIG. 6 Example of Alignment Procedure for Specimen Holder with Fixed Entrance Angle Setting
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precision made to
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angle
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source 1s restricted

to maximum diameter of
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FIG. 8 Example of Using Optical Wedge to Set Entrance Angle

lower edge
of mirror surface
touches specimen

8.3 Return the photoreceptor to the observation position.
Separate the receptor entrance aperture the appropriate
distance from the source exit aperture to obtain the desired
observation angle.

8.4 Set the specimen holder so that the test surface is at
the desired entrance angle. (See 6.3.1.)

8.5 Measure the background light level m, by positioning
the photoreceptor so that the test specimen, when it is placed
on the holder, will be centered and entirely inside the field of
view of the instrument but with a non-retroreflective black
surface substituted for the test specimen.

8.6 Place the test specimen on the specimen holder and
record the retroreflected light reading, m,.

8.7 When it is desired to make measurements at other
than random orientations of the test specimen, a datum
mark (arrow) must be placed on the test specimen. If the
arrow is pointed away from the source, the rotation angle is
considered to be 0°. If the arrow is pointing toward the
source, the rotation angle is 180°. Counter clockwise rotation
is considered to be positive in direction, when the specimen
is viewed along the retroreflector axis toward the retrore-
flector center (see Fig. 3).

8.8 Measure the actual effective retroreflective area, A, of
the test surface in square meters, to within +0.5 %

9. Calculation

9.1 This equation may only be used when the presenta-
tion angle is 0° as specified in 8.1 and shown in Fig. 3. (In
this case the viewing angle = 8 — «.) It gives the resulting
coefficient of retroreflected luminance in millicandelas per
square meter per lux (med-m~2 X Ix~'). For each combina-

<«——End view
of bar

Notch
Example of Alignment to 90° Entrance Angle with a Visual Sighting Bar

micrometer adjustment
to a preset entrance
angle
operator visually aligns
lower edge of reflected
image to bisect exit
aperture

mirror
surface,

test specimen
pivots about
test surface

lower edge

of mirror surface
touches specimen
Exit aperture of surface
source is restricted

to maximum diameter of

3 millimeters by use

of concentric stop

FIG. 9 Example of an Alignment Tool to Set Entrance Angle”

tion of entrance, observation and rotation angles, calculat(
the coefficient of retroreflected luminance (Ry) of the
retroreflective surface using the following equation:

(my — mg) d?

=—————— % 1000
my A cos(f — a)
where:
m, = background reading, )
m, = reading of retroreflective test surface measured at{
the observation position, !
m, = mean reading of source measured normal to the:
source at the test surface position,
d = test distance, (about 15 m),
A = area of test surface, m2,
B = entrance angle, and
« = observation angle.
10. Report

10.1 Report the following information:

10.1.1 Coefficient of retroreflected luminance (R,) for
each combination of entrance, observation, and rotation
angle,

10.1.2 Test specimen identification,

10.1.3 Test specimen size and shape, and

10.1.4 Method of test specimen preparation.

11. Precision and Bias

11.1 The greatest variable in testing the retroreflectivé
properties of horizontal coating is in specimen selection an¢ .
preparation. Large differences between results from various :
laboratories have been found depending on the techniques
used to prepare the test specimens. Even in preassembl
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TABLE 1 Precision Data
Within Laboratory Between Laboratories
Number of N 5
Mean Value R, oiocimens Degrees of Standard Coefficient of Degrees of Standard Coefficient of
Freedom Deviation Variation, % Freedom Deviation Variation, %
1978 8 24 36 19 16 91 46
2197 8 24 37 17 16 106 48
2050 8 24 87 42 16 141 6.9
1475 8 24 22 1.5 16 70 47
1578 8 24 42 27 16 by 49
1518 8 24 164 10.8 16 212 14.0
817 8 24 22 27 16 54 6.6
784 8 24 31 4.0 16 58 74
691 8 24 24 35 16 65 9.4
TABLE 2 Precision Data
T Coefficient of Retroreflected Luminance
wez 'gr?:n";‘m“/ Mean Value R, Repeatability* Reproducibility®
(med-m—2) X Ix~1 % (med-m—2) x Ix—1 %
YT 1978 105 53 252 127
0.2/86 2197 102 47 293 133
0.2/88 2050 241 1.6 291 19.1
0.5/75 1475 61 42 194 13.0
0.5/86 1578 116 75 213 136
0.5/88 1518 454 29.9 587 38.8
1.33/75 817 61 75 150 183
1.33/86 784 86 1.1 161 20.5
+1.33/88 691 66 9.7 180 26.0

f laboratory to exceed this value one time in twenty.

ngs, differences will exist between test specimens. The
gfn statement given here does not include the effect of
8¢ differences, since specimen selection and preparation
ot covered by this test method.
2 Once a specimen is prepared, the precision of the test
fpendent on the actual characteristics of the material
ng'tested.
#:2.1 The most precise results are obtained on “bright”
®-or neutral colored specimens. Precision decreases
y as the “brightness” of the specimen decreases.
specimen sizes will result in lower signal levels at the
‘pmccptor and reduce precision of the test results.
;‘2 In addition to the material characteristics, the
;selected will affect precision. Measurements made
,L‘.’ 90° entrance angle generally are less precise than
#amade where the test surface has a larger exposed

limits for repeatability are stated such that one would expect the difference between a pair of individual determinations to exceed this value one time in twenty.
limits for reproducibility are stated such that one would expect the difference between a single determination in one laboratory and a single determination in a

projected area. Likewise, measurements made at large obser-
vation angles (for example 8.0°) or very small observation
angles may be less precise.

11.3 The standard deviations of measurements of co-
efficient of retroreflected luminance (R;) for test spec-
imens about 0.05 m? in area at various angle combinations
are given in Table 1. These results are based on repeat
measurements of the same specimens and do not include
variations introduced by sampling or test specimen prepara-
tion.

11.4 Repeatability—The repeatability statement in Table
2 is based on repeat measurements over a period of a few
days in a single laboratory.

11.5 Reproducibility—The reproducibility statement in
Table 2 is based on an interchange of specimens between
three laboratories over a period of a few months.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or Ior additional smndards

and should be addressed to ASTM Headquarters. Your comments will receive careful

ata g of the

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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AEF B BRE

Standard Test Method for

Measuring Surface Frictional Properties Using the British

Pendulum Tester?’

This standard is issued under the fixed designation E 303; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

Scope

.1 This test method covers the procedure for measuring
murface frictional properties using the British Pendulum Skid

ssistance Tester.” A method for calibration of the tester is

uded in the Annex.
m{.2 The British Pendulum Tester is a dynamic pendulum
mpact-type tester used to measure the energy loss when a
prupber slider edge is propelled over a test surface. The tester
’-&‘,’ﬁited for laboratory as well as field tests on flat surfaces,
gind for polish value measurements on curved laboratory
'!@:imens from accelerated polishing-wheel tests.
~ 3 The values measured, BPN = British Pendulum

ter) Number for flat surfaces and polish values for
- feelerated polishing-wheel specimens, represent the fric-
Eal properties obtained with the apparatus and the proce-
ifilres stated herein and do not necessarily agree or correlate
Bth other slipperiness measuring equipment.
W14 This standard does not purport to address all of the
Wty concerns, if any, associated with its use. It is the
Wponsibility of the user of this standard to establish appro-
Wate safety and health practices and determine the applica-
Wity of regulatory limitations prior to use.
@85 The values stated in SI units are to be regarded as the
Bondard. The values given in parentheses are for informa-

Rigp only.

EEReferenced Document

W ASTM Standard:
B 501 Specification for Standard Rib Tire for Pavement
WEESkid Resistance Tests?

‘iimmary of Test Method

This test method consists of using a pendulum-type
=ter with a standard rubber slider to determine the fric-
ial properties of a test surface.
The test surface is cleaned and thoroughly wetted
BT to testing,

3 The pendulum slider is positioned to barely come in
SWmact with the test surface prior to conducting the test. The
m.dl_lhlm is raised to a locked position, then released, thus
}ng the slider to make contact with the test surface.

B4 A drag pointer indicates the British Pendulum (Tester)
ber. The greater the friction between the slider and the

m’s test method is under the jurisdiction of ASTM Committee E-17 on

w"mwmem Systems and is the direct responsibility of Subcommittee E17.23
Characteristics Related to Tire-Pavement Friction.

:ﬂ;f" edition approved Dec. 15, 1993. Published February 1994. Originally

2 as E 303 - 61 T. Last previous edition E 303 - 83.

®Eual Book of ASTM Standards, Vol 04.03,

test surface, the more the swing is retarded, and the larger the
BPN reading. Four swings of the pendulum are made for
each test surface.

4. Significance and Use

4.1 This test method provides a measure of a frictional
property, microtexture, of surfaces, either in the field or in
the laboratory.

4.2 This test method may be used to determine the
relative effects of various polishing processes on materials or
material combinations.

4.3 The values measured in accordance with this method
do not necessarily agree or directly correlate with those
obtained utilizing other methods of determining friction
properties or skid resistance.

Note 1—BPN and polish values from similar types of surfaces will
not be numerically equal, primarily because of the differences in slide
length and surface shape. Theoretical correction of the polish values to
obtain numerical equality, either by mathematical manipulation or by
use of special measuring scales is not recommended.

5. Apparatus

5.1 British Pendulum Tester (Fig. 1)—The pendulum
with slider and slider mount shall weigh 1500 + 30 g. The
distance of the center of gravity of the pendulum from the
center of oscillation shall be 411 + 5 mm (16.2 + 0.2 in.).
The tester shall be capable of vertical adjustment to provide a
slider contact path of 125 + 1.6 mm (4'%6 + Vs in.) for tests
on flat surfaces, and 76 to 78 mm (3 #+ Vs in.) for tests on
polishing-wheel specimens. The spring and lever arrange-
ment shown in Fig. 2 shall give an average normal slider load
between the 76-mm (3-in.) wide slider and test surface of
2500 + 100 g as measured by the method prescribed in the
annex.

5.2 Slider—The slider assembly shall consist of an alu-
minum backing plate to which is bonded a 6 by 25 by
76-mm (/4 by 1 by 3-in.) rubber strip for testing flat surfaces
ora 6 by 25 by 32 mm (¥ by 1 by 1Va-in.) rubber strip for
testing curved polishing-wheel specimens. The rubber com-
pound shall be natural rubber meeting the requirements of
the Road Research Laboratory’ or synthetic rubber as
specified in Specification E 501.

3 Giles, C. G. Sabey, Barbara E., and Carden, K. W. F., “Development and
Performance of Portable Skid-Resistance Tester.” Road Research Technical Paper
No. 66, Road Research Laboratory, Dept. of Scientific and Industrial Research.
England, 1964.

Kummer, H. W. and Moore, D. F. “Concept and Use of the British Portable
Skid-Resistance Tester,” Report No. 6, PDH-PSV Joint Road Friction Program,
Dept. of Mechanical Engineering, The Pennsylvania State University, State
College, PA 16802, June 1963.
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BALANCE WEIGHT—» [
FRICTION RING— * PR LIFTING—»/
LOCKING RING \ BUTTON —_

POINTER ADJUSTMENT SCREW

DRAG POINTER

\
= q‘ RUBBER® SLIDER —

VERTICAL HEIGHT

KNOB:
CONTROL KNOBS SPIRIT LEVEL

—.— LEVELING SCREWS

LEVELING \ ":'

= SPACER

FIG. 1 British Pendulum Tester

5.2.1 New sliders shall be conditioned prior to use by
making ten swings on No. 60 grade silicon carbide cloth® or NUT FOR ADJUSTMEN
equivalent under dry conditions. The swings shall be made OF SPRING TENSION
with a tester adjusted as in Section i e

T CENTER OF SWING

exceed 3.2 mm (‘& in.) in the plane of the slider or 1.6 mm : \\
(V16 in.) vertical to it, as illustrated in Fig. 3.

5.3 Accessories:

5.3.1 Contact path gage shall consist of a thin ruler
suitably marked for measuring contact path length between
124 and 127 mm (47 and 5.0 in.) or between 75 and 78 mm i
(2'%16 and 3%¢ in.) as required for the particular test. i \ _FREE PATH OF sudig

5.3.2 Miscellaneous equipment, such as water container, (
surface thermometer, and brush is recommended. .1 \

508 mm (20 in.) RADIUS

\

6. Test Specimen 2 \
‘6.1 Fie/d—Field_ test surfaces shall be free of loose parti- T \‘ ADJUSTABLE \
cles and flushed with clean water. The test surface does not FOR SLIDER SALANCE wg(;hT
have to be horizontal provided the instrument can be leveled \ u‘
in working position using only the leveling screws and the J‘
pendulum head will clear the surface. \
6.2 Laboratory—Laboratory test panels shall be clean and 7 3
free of loose particles and shall be held ngidly so as not to be x
moved by the force of the pendulum. RUBBER— | =
6.2.1 Flat laboratory test panels shall have a test surface of SLIDER "_COE‘:A%L;Q‘H_’ TEST SURFACE
at least 89 by 152 mm (32 by 6 in.). /
6.2.2 Accelerated laboratory polishing-wheel specimens SLQO"VQSE‘;\',Z"’;:OSLG‘D""S‘SD
* Materia! known 10 be suitable for this purpose is available from 3 M Co.. St FIG. 2 Schematic Drawing of Pendulum Showing Spring andy

Paul. MN. under the trade name of Tyvpe B Safety-Walk Lever Arrangement
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1.6 mm
(1/16 in.)

P

T 1

1/8 in.)
'FIG. 3 Slider Assembly lllustrating the Maximum Wear on
’ Striking Edge

~
23

i

Eiliall have a test surface of at least 44 by 89 mm (1% by 31
Ein.) and shall be curved in the arc of a circle 406 mm (16 in.)

-, Btdiameter.

-0l .
RzPreparation of Apparatus
7.1 Leveling—Level the instrument accurately by turning
Beveling screws-until the bubble is centered in the spirit level.
B:].2 Zero Adjustment—Raise pendulum mechanism by
poosening locking knob (directly behind pendulum pivot)
gind turn either of pair of head movemen: knobs at center of
Bester to allow slider to swing free of test surface. Tighten
Bocking knob firmly. Place pendulum in release position and
Potate the drag pointer counter clockwise until it comes to
Best against adjustment screw on pendulum arm. Release
seedulum and note pointer reading. If reading is not zero,
fioosen locking ring and rotate friction ring on bearing
ipindle slightly and lock again. Repeat test and adjust fric-
mon ring until the pendulum swing carries poiner to zero.
1.3 Slide Length Adjustment:
E¥7.3.1 With pendulum hanging free, place spacer under
Bdiusting screw of lifting handle. Lower pendulum so edge of
Blider just touches surface. Lock pendulum head firmly, raise
Hifting handle, and remove spacer.
B3 Raise slider by lifting handle, move pendulum to
Bizht lower slider, and allow pendulum to move slowly to left
‘il edge of slider touches surface. Place gage beside slider
E:ihparallel to direction of swing to verify length of contact
8th, Raise slider, using lifting handle, and move pendulum
El_e_ft, then slowly lower until slider edge again comes to rest
Esurface. If the length of the contact path is not between
and 127 mm (47 and 5.0 in.) on flat test specimens or
Bween 75 and 78 mm (2'%s and 3¥is in.) on curved
Nlishing-wheel specimens, measured from trailing edge to
0g edge of the rubber slide, adjust by raising or lowering
Tument with the front leveling screws. Readjust level of

SPRING

instrument if necessary. Place pendulum in release position
and rotate the drag pointer counter-clockwise until it comes
to rest against adjustment screw on pendulum arm.

8. Procedure

8.1 Apply sufficient water to cover the test area thor-
oughly. Execute one swing, but do not record reading.

NoOTE 2—Always catch the pendulum during the early portion of its
return swing. While returning the pendulum to its starting position, raise
the slider with its lifting handle to prevent contact between the slider and
the test surface. Prior to each swing, the pointer should be returned until
it rests against the adjustment screw.

8.2 Without delay, make four more swings, rewetting the
test area each time and record the results.

Note 3—Care should be taken that the slider remains parallel to the
test surface during the swings, and does not rotate so that one end rather
than the entire striking edge makes the initial contact. Available data
indicate that tilting of the slider may cause erroneous BPN readings.

Installation of a small flat spring will relieve the problem. The spring
can be inserted into a slot in the spring clip and the assembly secured by
the cotter pin as shown in Fig. 4. The free ends of the spring can rest on
the slider backing plate to restrain the slider from tilting.

8.3 Recheck the slide contact length in accordance with
4.3.

9. Report

9.1 Report the following information:

9.1.1 Individual values in BPN or polish value units,

9.1.2 Temperature of the test surface,

9.1.3 Type, age, condition, texture and location of test
surface,

9.1.4 Type and source of aggregate for polish value tests,
and

9.1.5 Type and age of the rubber slider.

10. Precision and Bias

NoTE 4—The following material pertains only to the precision and
bias of BPN units.

10.1 Repeated tests show standard deviations as follows:
British rubber sliders 1.0 BPN unit
Rubber sliders (conforming to Specification E 501) 1.2 BPN units
In both cases the upper quartile of variability is represented
in prevailing test instruments. As there is no marked
correlation between standard deviation and arithmetic mean
of sets of test values, it appears that standard deviations are
pertinent to this test regardless of the average skid resistance
being tested.

10.2 The relationship, if any exists, of observed BPN units
to some “true” value of skid resistanceshas not and probably
cannot be studied. As a result, precision and bias of this test
in relation to a true skid resistance measure cannot be
evaluated, and only repeatability is given for the method.

SPRING CLIP \

o WASHER

FIG. 4 Spring Clip and Spring to Inhibit Slider Rotation
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10.3 Determine the testing error as follows:

E=ton™"

where:
E = testing error,
{ = normal curve of 1.96 or 2.0 rounded.

o
units). and
|

@b £ 303

n = number of tests.

10.4 In order to ensure that the testing erTor stays withia,
1.0 BPN unit at a 95 % confidence level (corresponding 1y’ \
normal curve of 1.96 or 2.0 rounded), the following sap
sizes are needed:

British natural rubber sliders

standard deviation of individual test results (BPN Synthetic rubber sliders (conforming to Specification E 501)

ANNEX

(Mandatory Information)

Al. CALIBRATION

Al.l Weight of Pendulum—The pendulum arm with  ALL The adapter nut shall be held at the far end ofthcam ‘
mounted rubber slider shall be disconnected from the by a light paper wedge. After the point of balance has been‘

instrument and weighed to the nearest | g.

LAFYG'? NUT

=
i
X

|
s

\C‘ STER CF
OSCILLATION

FIG. A1.2 Arrangement of the British Pendulum Tester, Showing Pendulum Assembly and Pan Balance Used to Measure Slide:

QEEL::*Y—_,J—'?”@I e el
= : = = i \ KNIFE EOGE /

obtained, the position of the balance weight shall be adjusted

Al1.2 Center of Gravity—The center of gravity of the  until the slides of the pendulum foot are horizontal.
pendulum with a mounted rubber slider shall be determined
by placing the pendulum assembly over a knife edge and
experimentally locating the point of balance as shown in Fig.

Al.3 Distance of Center of Gravity from Center of Oscillaé
tion—With the pendulum reconnected to the tester and
knurled bearing cap removed. distance shall be measured

ADJUSTABLE SIDE PLATES TO
BALANCE WEIGHT BE HORIZONTAL

(COUNTERWEIGHT)

FIG. A1.1 Pendulum Assembly Showing Location of the Point of Balance

PENDULUM HOLDER .

LADDER
BEARING

r Load
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from the center of oscillation (center of bearing nut) to the
int of balance (center of gravity). This distance shall be
qmeasured directly to the nearest | mm (0.04 in.).
, Al.4 Slider Load—The pendulum shall be clamped to a
‘holder attached to the scale plate of the tester and the tester
placed and leveled on a tripod stand as shown in Fig. Al.2.
&Jnsert the spacer. Adjust the pan balance with a bearing
{assembly (see Note A1.1) on one pan and tare weights on the
‘other pan so that the balance pointer is at center scale
‘reading. The pendulum, with a slider. shall be lowered with
the vertical height knobs of the tester until the slider is
gpproximately 0.25 mm (0.01 in.) from the top surface of the
spearing assembly. Lock vertical height knob and remove the
spacer. This will cause an unbalance which shall be partially
compensated by adding weights to the opposite pan to bring:
#the indicator to within approximately 200 g of the center
scale reading. To complete the balance procedure, the

pointer is returned to the center scale reading, by adding
water slowly into a graduated cylinder. Empty the cylinder
and repeat pouring. Record the average weight required to
raise slider so that the balance pointer is at the center of scale
(see Note A1.2). If the average. normal slider load between
the 76-mm (3-in.) wide slider and the pan balance is not
within the requirements stated in 2.1.1 adjust the spring
tension nut illustrated in Fig. 2 and redetermine the slider
load.

NOTE Al.l—The bearing assembly may be a “ladder” bearing with a
rigid. free-moving top plate or a similar arrangement so that no
horizontal loads are introduced while measuring the vertical slider load.

NOTE Al.2—It may be necessary to move the pans of the balance up
and down to “work™ the spring in order to get smooth and consistent
readings. If the measurements of the slider load are still irregular after
“working™ the spring. remove the side and bottom panels of the
pendulum foot and inspect for cleanliness of the bearing surfaces and
knife edges illustrated in Fig. 2 and redetermine the slider load.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the resp

technical and must be reviewed every five years and

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards

and should be addressed to ASTM Headquarters. Your c

will receive careful consideration at a meeting of the responsible

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103
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