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Experimental Study on Evaluating Early—age Strength and Stiffness
Characteristics of Controlled Low Strength Material
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ABSTRACT

There are few attempts to estimate the strength and stiffness of controlled low strength material (CLSM) using existing
field—testing methods. The objective of this study is to evaluate the resilient modulus of CLSM by using the Light Weight
Deflectometer (LWD) and investigate the relationships between the resilient modulus from LWD and the unconfined
compressive strength (UCS) and secant modulus of elasticity from unconfined compressive test. Five CLSMs with different
mix designs are used to evaluate the flowability and the stiffening of the CLSM in the flow and Vicat needle tests, respectively.
To evaluate the early strength and stiffness characteristics, unconfined compressive tests are performed using the CLSM
specimens cured for 1 and 7 days. LWD tests are carried out to estimate the resilient modulus of the CLSM specimens.
The experimental results show that for the curing time of 1 day, the UCS and secant modulus of elasticity generally increase
with the fast setting mortar content (FC). The CLSM specimen with the highest FC shows the significant increase in the
UCS and secant modulus of elasticity along the curing time. Overall, the resilient modulus for the curing time of 1 day
increases with the FC, while that for the curing time of 7days decreases with an increase in the FC. From the results,
the linear relationships between the resilient modulus and UCS and secant modulus of elasticity are established.
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-,‘%5/‘4 ZJ-2Af(Controlled Low Strength Material, CLSM)
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A7) AsYE]o] YtiHan et al., 2016; Byun et al., 2016;
Han et al., 2017; Han et al., 2019; Kim et al., 2021).
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B w3}7]0f ofggo] ThKim et al., 2005; Clayton, 2011;
Kim, 2015; Kim and Byun, 2019). 3l =AES] ZHAHE
4 7k Si8l skl AB7IoRA, B4
(Soil Stiffness Gauge, SSG), £& FH A 5}A| S 7|(Light
Weight Deflectometer, LWD) 5©| o]-&%|¢] £t} Sawang-
suriya et al.(2003)2 SSGE ]85t ZHE tjgt 7HA4
& AV T ARSI, B EAE, TR
3, Ao R £2E 4T I o ik
Alshibli et al.(2005)2 & £59] 2|HLA R4 LWDE]
AL H71514.0 1, Stamp and Mooney(2013)+= LWD
O] AA| B0l S4E WLl AH 7ol ke nl
TRl Bty o]ef o], s - QoA LWDE &85
of x|uke] Ty, == A= A 4 5 vhdRt
Aol A A7} AdE o] Yri(Fleming et al., 2007; Choi
et al., 2017; Park et al., 2019; Park et al., 2021). 121},
AR =2 BHEo] o E A LE L CLSMY] A

< Brkelr] oIRt WAl that A st A
Holnl, CLSM 44 F 24422 Fhal Al Sotl
& TS 7kl Sistol, CLSMe] 24 B7714ol
PERES

B AT 2R WA Bhoz Auw
CLSMO| 7% 3 724 42 st vlakajziel 7]
S2A LWDS olgole] CLSMS, xe92 2}
Sk St A, AR A8 55l LM A2
o FAAE B2 A\esion, dEld S5 9 7

SES }-*Pﬂ?‘i‘:}- Ef?_h %’E*E/\lﬁ‘ﬂ* CLSM /\lﬁo 7

2.1 2 14

2 Ao AFRE CLSME 12 HE ZEHT A
E, 247 n=gE, H3], et 344, 191 55

rfo

s3slol AZIIGT. HE TEUEAUE U 247 2



Table 1. Mixing ratio of CLSM by weight

Cement [%]
FC - Fly ash [%] Sand [%] Accelerator [%] Water [%]
Fast Ordinary
10 1.6 14.8 12.3 452 1 251
30 49 1.5 12.3 452 1 251
50 82 82 12.3 452 1 251
70 1.5 49 12.3 452 1 251
90 14.8 1.6 12.3 452 1 251
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AP EQIL) H]3]e] B2 EAOoR W 22g¢/cm’o]
o Bl 3850cmY/gE UERFow, 38 EAo=
Si0,, SOs, Ca0, MgO AHo| Z+zF 62.9%, 0.1%, 2.1%,
0.8% 3H3-mo] Utk Rej= HtdH o] 212 0.53mm U
0.17mm¢Ql F 72| AR ARESH, 2.67 tff 19] 74
W2 ERstel Ahgsteint dtelmel 3A4E A
Fomm, ABIRE FANZon, BE oF 15°Ce] 4
£29 AMgso] CLSME HFlelsich 247 maee
o 15 nE EEASAUEY] Saelq 247 mere
9] w]-&(Fast setting mortar content, FC)-& 10, 30, 50, 70,
90%% W3 Z o2 5EF0] gt S &390,
CLSME dsh= A A=o] HiehH|E Table 10 e
sheick. vfatabgol ojgh CLSMe] S4Mste 220k}
7] ¢Jslel, 247 BEEE 1E BE TEWCAWE, y]

3, F $5e) 2 S diEerdon, B3t Edstl o
4 Azko] AnE Fol FAAES A1k 0|9k ol
Wil A S S8slo], CLSM Q] vighA| 7S & 2Ho] %

e e Sl

,d
2,
A
o,
mlo
\l
N
ol
o,
N
:L
ol
=
2
LII
>
o L

= o
2 24l B2 AT U 32

= £579] CLSM2| 954 2
SRS W] S8 FRE Y D A AR
2 4asteich. E29 ABE ASTM D6103(2004)0] A

500

400 4
300 4
200 A
100 A

0 4

90

Flow [mm]

Fast setting mortar content [%]

Fig. 1. Results of flow values with mixing ratio
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Table 2. Results of flow values, initial and final setting time

with mixing ratio Qitt.

o Flow Setting time [min] FYUS 2A LFAFAEAFE S 23] HHEZHO R
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Fig. 3. Stress—strain curves obtained from unconfined compressive tests after curing on: (a) 1 day; (b) 7 days
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Fig. 4. Results of unconfined compressive tests: (a) unconfined compressive strength; (b) secant modulus of elasticity
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