Journal of the Korean Society of Agricultural Engineers
DOI : https://doi.org/10.5389/KSAE.2020.62.2.031

HITHE| 7|HE 0|8% *Ed

22 =7|

Vol. 62, No. 2, pp.31~38, March 2020
ISSN 1738-3692 | elSSN 2093-7709

Zalsy T

Evaluation of Early-age Properties of Controlled Low Strength Material Using Non-destructive Testing
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ABSTRACT

Controlled Low Strength Material (CLSM) has high fluidity and self-compaction characteristics. CLSM is mainly used for backfilling the excavated
road. Early-age properties of CLSM should be characterized for fast restoration of the road. In this study, shear wave monitoring and Vicat needle
test are performed to investigate the early-age properties of CLSM depending on the setting time. CLSM consists of CSA cement, fly ash, silt and
sand, accelerator, and water. Five fly ashes with different chemical properties are used for CLSM samples. The penetration of CLSM along setting
time is obtained through the Vicat needle test. A pair of bender elements are placed in a mold for shear wave measurement, and the change in shear
waves with the setting time is monitored. The experimental results show that, regardless of the type of fly ash, the penetration depth decreases and
the shear wave velocity increases with the setting time. Depending on the type of fly ash, initial and final times and shear wave velocity change.
After testing, the correlation between penetration and shear wave velocity is obtained with high coefficient of determination. The shear wave
measurement technique using the bender element can be used to identify early-age properties.
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SAK] Yol Ak, dEAelE, BAAT 5 2%
a}o] 2hQle TAIS] W Qla) A|Fof| midEglem, X

= B AARSE HsliAe 22 2 e 2ol A
}\]E]O1 2F} (Ryu et al., 2015). 27H& A|2ko] 9l &R ol A
ez A] AREZ AMSF Ao AFES z{a}i o3}
q.xl a):o] uugg lgg;] ]1— =235 xlo}g. q X]lﬂ—
e 5o EAIZ o]ojd 4= Qlt} (Ryu et al., 2015; Lee et

1, 2015). AHAEES 283 S tiAsh] flste], f-573
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224 (Controlled Low Strength Material, CLSM)®|| 343t &1
27} 438 %] o] I} (Won et al., 2001; Park et al., 2004; Cheon
et al., 2006). CLSM2 7|2 o2 A|HE, &, H|3], ZA=
FAFo] om, e $EHS Hol YT FINE 3
gz 2 gol 7hssn, A7] iAo Q) Wel of
&Y qlo] Efdo] 7153}t (Han et al., 2015; Han et al.,
2016). B 5, A AlZbo] et Sofl= A4 ok
o] oML 7tE &= 9lom, ZIT|E H|F AHPES
7] wieol, 5 SIS A== 7hssiths Aol
?iTtt (Cheon et al., 2006; Ryu et al., 2015).

TAR 0] A FUHE AfHo|= HE T2 25,

olof w2k A dEe] =2k 9 Hrly A Alofls SAI=
Qg LEEHo] of/| = 4 Atk o]E Akap dhaap]
el CLSMO| 27|73 =7F 24 35] WraE ojof i, o]
of we} CLSMO] %7] A3HEAS muE st Wio] I
23k AAolt. 7ol vE o] ofg SRR AR
(ASTM C 191)0flA LA AJ7HE<t 712191 HA=o] 40
2RE A4 AES 24 W FAA T 0] AAHo] it
e i RER) RS ARIERS) SRl AYUYE
FEAZ|BER SAGEH O] 4524 BUEY s FAgs,
AREA Aze) wUEPe gjstel vlak) 7|He] Al
TS o] 835t A7t o] Yt} (Reinhardt et al.,
2003).
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ARIEA AR0) S U E=o] et 27] AT
oA, R ATt o F G5 olgste] AHE
ARoAe] S Aol S AE o] S AT
(Sayers & Dahlin 1993; Lee et al., 2004; Gu et al., 2006; Song
et al., 2007; Dumoulin et al., 2012). 121} =uk= AJHIEA)
Agof 23k 71329 JgFol WHSHA vk Aoz
Epon, fSut Srof SAGH Y TS é‘zﬁ}bﬁl
olgLo] 9= AoF HUE T} (Zhu et al., 2011). YHH,
Atz AHEA Azmof Z3He 71329 Gl WgdshA|
rom, 324 o] uet Artal 413.9] 54o] Molsl= A
0 & YEPHT) (Byun et al., 2016). EHATE o831 27] ot
oM 28T} EHATAE o] galo] Agh
U 285 EWARAS o]83 A9 AUEA AR0)
2700 & AR s Ads Z4o] ojele How
waEiglon, BARTE 24U 4 ol Wy AHES of
5t vhHo| Aok HE Tt (Han et al., 2015). 124, oF&7k
2] CLSM2] 27| A3 EAL ulols}y] 93t v|7}ER] el=
o} et o) Aol that b mlulst Aol
H Ao M = S AT wE CLSM| 27| 43IEAS
sotaly] fstel, Auuh mUESH vl AFE 53
shoick WA CLSM A2o] AR} v)5] Z52 Fots
ol sl 2ABIAAL, BIZFER] Al ek 2UE Y
7I%ol Tl 71=stict &2 H ol wE B7tEY Hel=
o 4% Ay} £e5 A F, 1 Aol dish -
SEGict 2 A-tollAl Ak Adtul myEE 7S 283t
oH, SIS R 285 CLSMo|| 4Fglo] 27| 43154S
B7Ft 4 & Ae=® diEch

. T2 H AESY
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Table 1. Mix design of CLSM [unit : kg/m®]
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Fig. 1 Grain—size distribution curves
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QAT CLSM A=) uhahe Sla) AHgE w3l
A whet & SEHE e, 13l soby B4
Table 26 A2/5}0] LjEPUI{ck. ASTM C 6180] w2} ]zl
Beld sfota BAo) 71xdt] P N CRo2 743
% gk ANE 71E % Aei}(Si0) 2 LRI (ALOS)

rl

el AR (Fe.0:)9] B30l 245 CLME| 3}
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Table 2, Chemical components and loss on ignition of fly ashs
used in this study [unit @ %]

Specimen MgO AIzOs S|02 803 Kzo Ca0 V205 Fe203 L.Ol

No.1 0 178 665 0 05 35 21 63 33
No.2 0 177 689 0 08 43 20 31 32
No.3 75 28 258 47 0 400 21 137 34
No.4 0 81 485 49 07 309 21 25 23
No.5 58 90 348 48 01 278 21 113 43
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Fig. 2 Picture of CLSM in flow test
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Gu et al., 2015).
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K 2 CER L B E
deb A g of|FA] BE AN A9 714 19
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2006).
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Fig. 3 Schematic drawing of test set up for the measurement of shear waves
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Fig. 4 Variation in penetration of needle along the curing time

2, Btgo} Ms
Aot mUE RS 917 2gAAR1e Balo] 7 o
Ao} BEE 2A 59 o2 Fig 59 HolFE
A
Input signal
s ! . Output signal
fod 1 1
S 1 1
S | r//\f\//\M
>
1 At 1
Time
Fig. 5 Determination of first arrival time of shear waves



A/ v~

1

2
4ol
6 | v
8

v
|

I A 7 VS

w\ \{”wwﬁ,wmi

Curing time [h]

1
A Apeenan
A

B A —

24 L. M Ve S—

|

JT‘/\[/\/—WA/\/\/—\»—.\/—‘—‘
¥l

28 ﬁq‘(vf\/www/vvwfv—v—vﬁw—vv;

’ﬂ‘/\ A e

WA

A o VoAU —— |

0 0.25 0.5 0.75 1 0 1
Travel time [ms]

Travel time [ms]

0.5 0.75 1

Travel time [ms]

0.25

Fig. 6 Typical signals obtained from the specimens of (a) No.2; (b) No.3; (c) No.4

£59| CLSM A& % No2~No4 H|glo]A] 25

/,\_lig Fig. 70 A 2|3} t). Fig. 62 CLSM A & 1A|7HE
] 32/\]71-77}Z] AkE A AHoA 2AE EHAITE HolZxr)

A, x5 YRAERR 2
weiFe, y5 e PYULE
u| k7] §15ted, 2k QPAAIZIo)A z%aa_ Rk
AEOo R HFEs el LEhyoleh. CLSM
s} Hckabect F818kA] UeRe. o

o) haS Fo B A we), 4
oA AeEy] oolck aeb, Q]
olgol] 717k Aefele o 4 9k No2 vlzle] B,
F IARIE QFshect gt s dete),

k= Rl T IAIZHRE R2A|177HA] 27| =EAle] 2
L Aoz UelT] No3 B]3)= ofAlZ7|o= oF=ulo] H]
3 Agnke] Eo] 2ot 12471 E Mekubt Ea 5
AEu], 24X|7HEEl = Hotupto] 24 =9tk No4 H] 3¢

&7 A3k A

Aol sk F9) A Alzte] AgE F315H
vehek
Fig 59} o] JRAIBR ALGE Pgute] JAHoR

HE Adutrh ARFEl=AI7E) AolE Adute] 27| wghA|
7to s AZ5ISITE No.2~No4 Hlﬁoﬂﬂiﬂ ATl w2
Z7|=GAZHS v e Bokr A 3 1AJ7tA ] 27|
GAZEY] 79, No.2~No4d H|ZJof|A 27|mEAf7to] 242}

0.103 ms, 0.928 ms, 0.175 ms= YERTE No.3 H|3]9] 79
OHE HI3|EET Hguke] 27| =gAzte] = vehgtom,
olof| w2} No.3 H]3] 9] x&-2 4 ms7}A| EAISFATE Y &
16A|17F| A 27| EEAI7HS No.2 H| 3|9 A] 0.053 msZA o
3| 7 Zekom), No3 H|3]o| A= 0.155 ms& 714 27
LFERdTE 98 5 324171004 No.2 H]3]9} Nod H]3]o] 27
ZRA 7o) ZEZE 0.045 msS) 0.043 msE -S-AFsh, Nod H] Q
o] 27|mEA|7ko] No2 H]3|o| v|&) w24 Ztaske A
RRISHGITE No.3 H]3]9] 27| =2 TR 0.1 ms2,
AHNAE 71 =7 Aoz Yepgth

=V By

=1 O O

=

AT (Gra) = WS 4>
Sho] Afste 7|2 A B WSt
of AMgE= So3 B F
Aled At S5 AR 5, 4
A el Wk Fi 79 Sk
A No.13} No.2 H
PAZIO] Z7VeE Ak S

G T 1A
200 m/so]m, o]5

]—o]-oq 01:}\1-] ‘0‘ 32

TR A62A A23g, 2020 « 35



HIT| 78S 0I8% RSd MSM =7|45EY It

A7k No.l @ No2 H]3]ofl A Z2F 353 mjs, 422 m/s ] &%
5 HoJF3leh E3h No.l B No.2 H]SjofA] ddtu} £re9)
7S FRARY] S71EE ashe Aol UEdTh
No3¥} No4 H|3] 9] Hctu} &= 27]0] oF 100 m/s®] &2
7F SAE LT, Y F 3243 A oF 250 m/s9] £}
S8 No5 v]2k= 4 5 1AZIO A 91 mis] &7}
SAEN o, A F 3247 0= 390 misE SR, =

A AR ZF 7 2 £50] Z74E S HolF9irt No3~Nos
Amolq A} £rof F7H2 FAT] TS S
7¥ehs 7%l e

500

~——#—No.1 —e—No.2 No.3

—=a—No4 ——No5

400 A

300 A

200 A

Shear wave velocities [m/s]

100 -

0 T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Curing time [min]

Fig. 7 Variation in shear wave velocity along the curing time

Akt mUE e Ak Noso 24 FRAIY Ho] Ak
o} E7h 355 AL A, Nold No2o] 27] 8 24
Fu Ao] AuTh £E7} BE w2 Ao ekt
ul7hEA AE Aol S, Akt 420 Aol 7t &
70| ug)e] S5ty S4o] Papre Ao woE,

o

]_‘:_
T
z

id

4,

e

UE-FMEHO £
B glTtofA| %?—r CLSM®| %7]7%s} —E—*é% aols}]
Qo] P55 Adul muUE Y Auel vytER AIRZANE
ik = HIQA 54 1719] CLsM A]EOM HI7FEZ]
AlgoghE ZgH Tyt Hotat EHHE‘OETH A
A=) Acku} J—ES’—}S’—] A Fig 80 TAJBIGICE x5S

FRAITol| w2 ZF AR 27] % EML &zo| ojgh OWW
ol A Akt &0 ulE et y52 AT whE
HI7FEZ] O] FQjrolr). 5559] CLSM AlRollA =7t
ol mEh 27] e sk ddu) S Skt
%Atk Soliman et al. (2015) A|HEA AzoA SZALL

r.'!
el

A

>4 F[l‘

36 « Journal of the Korean Society of Agricultural Engineers, 62(2), 2020. 3

2 WAA3} A|E (ASTM C 403) L %
sjol TRIAF W A} Srg m%& %, BRIA
Aeta 2 oke] AAS AAISE vl olek AAIE Ak
Aol BelAaeo] F7as ekt 27} 27151
ou), 2 o170] Arhe ofefet MRAT Aot AR AL
= ZRIE AT ZF Almrbet # el 27] S AgqfetE
Akt SEoje] APl AR the WA Bolo
A Aol gk AAASE 0712 eyl oA 9
3490 ol g5l Telmol riokel Aekst $m0) EEHR=
27} 13,0 9 02342 Yepdeh, AREA Aol vz} 2w
WL S Al o] tieh &0 Zfolof ofsf FARE A
Wt 229 AoR FAHT (Hong et al., 1996).
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