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An experimental study on performance of concrete
with constituent materials of shotcrete

Sang-Myung Kim, Jin-Yong Shin, Sang-Jun Ma, Kwan-Woo Nam, Ki-Ho Kim

Abstract The experiment was carried out to investigate the influence of coarse aggregate, admixture, and accelerator
on the properties of concrete. As the maximum size of coarse aggregate decreased from 13 mm to 8 mm, fluidity
of fresh concrete declined but compressive strength and dynamic modulus of elasticity of hardened concrete increased
remarkably. The mechanical properties of concrete substituted silica fume to the plain concrete improved, the
compressive strength of that substituted blast furnace slag increased slightly. The hydration reaction and compressive

strength of specimen with sodium aluminate type accelerator were high at initial, but specimen with alkali free type
accelerator improved largely in 28 days.

Keywonds: Shotcrete, silica fume, blast furnace slag, accelerator, maximum size of coarse aggregate
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of 27+ Urhji e,

2.1.2 Z3}7H

AME 4] E32 A7t 12 g9 942
E ARgsiglen, 2k A=A ZETH(pozzolan),
A 427 ¥hE(latent hydraulic reaction)o] 2|3l &3
2 E, L3 E9] Ay B4 W4dE i4ske A
o2 dHA Stk

AYFIEL k290] EAR AlEE AMgRlo, 12
T4 8 1= AE Az 34 F FAEE TYE Ao
Z KS F 2563 '238lER 12480 ujih 9 3%
< AHg3te] AEsialen, Added AMgd 4 E3A)
o] Euoi-3ek EAJ1} 35t 242 Table 3, 4off 22}
LIER ik

213 24X

Alglof| AR FAAE g2 gFavo]E(sodium
aluminate) A|2} 2F2] Uzhe] Zel(alkali free) A 22
A5 ARgatgict LRulylolEA] A S8l a4t

Table 1. Physical properties of cement
2. A% T2 LAY P il rp
. ) Setting time Compressive strength
21 A2 W2 Specxlﬁc F1ne121ess (hr:min) (MPa)
gravity | (cm’/g) — -
211 A|HE Initial | Final 3d 7d 28d
2 Aol AREEE AHIEE A HALA Alzg 315 | 3260 | 410 | 7:40 | 215 | 266 | 389
Table 2. Chemical and mineral compositions of cement
Chemical Si0, ALO; Fex0s Ca0 MgO S0; lg. loss | Free CaO | Insol.
Comp.

(%) 21.7 53 3.1 62.4 1.6 1.7 0.8 1.0 0.5
Mineral LSF LCF HM SM M CsS C:S GA C4AF
Comp.

(%) 90 88.6 2.1 2.6 1.7 48 27 12 8

Table 3. Physical and chemical properties of admixtures
Soecif . Chloride i Activity index
Type of admixture g}z ::tl; F(g‘;%es)s Ig. loss Og/dj 1on (%)
(1]
£ 7d 28d 91d
Silica fume 23 200,000 1.3 0.19 99 - -
Blast furnace slag 29 4,355 0.83 0.008 84 120 123
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Table 4. Chemical compositions of admixtures

. Chemical compositions (%)
Type of admixture

SiO; | ALOs | Fe;O3 | CaO | MgO | SO;

Silica fume 2171 53 | 3.1 | 624 16 | 1.7

Blast furnace slag [ 33.5| 152 | 0.5 | 439 | 26 | 25

BtE E(sodium hydroxide; 50% solution in water),
AR o E(aluminum hydroxide; AlLO; 815 50~
57%)& A8 NaAlO,9] o] 40+5 wt.%o|u
[Na,0)/[ALO5] E8]= 1.30~1.60 4=0]9lc}. ¢zl
=2} WIFAAE FARE ol E(aluminum sulfate hydrate;
98%), t]ollg-&olTl(diethanol amine)2 FAE O & 3}
£ Z(AFD)I} lerulg, 34 v 4islers
OlEE FARAR) S 3 218 A3 o8 &
2|z W F2A AL T8 A48 ojeddl HIHA|
£ EFRITh Table 5= & Halo) A gH FEAY &

21.4 EX

EA = AR5 2.5 mmQl P SPAAE A
231900 B3 EAL Table 69 Vel #&
e TY A4 B SAE Ao, #2238
A g w2 FIE E4S AR Y3
A 2 Aol 571 8, 10, 13 mm 27)Q] A
= ARBBITE F2EA ARl 10, 13 mme) YEi=
KS F 2577 "$£32E4 A= o)A 7783810 = U=
Zh 24 8 mme] ZLoll= FHEZFAEFNARC, 1996)
oAl 3L BIAL 9= Y=o wat FAUEE Ao
319, E8]4 EALS Table 70 Uehfgch

22 48 2 W W
221 48 He

£aE 74 AR 4 S A d9e 22
P 4P ol AE P mEEkE AL Was) A
Bpsick

I ARE 24 e FAYES) SUmY} §
7%, A%} 2aREe) GEgE U FRAAS Bk
B3 FeBA) Ak, Sapel Rt x| 2o
02 452 HESkgIcKTable 8). HolAE o wae}
2 ABE F2AY Shel T2 B4 Ters) 9

Table 5. The main components and additives of alkali and
alkali-free accelerator

(S;Zl%f)l) Main component Additive
Alkali aluminate Na;O-ALO; -
Alkali-free aluminium sulfate, stabilizer et
(AF1) diethanol amine ’
Alkali-free  |aluminium sulfate, amorphous| organic acid
(AF2) aluminium hydroxide |and derives etc.

Table 6. Physical properties of fine aggregate

Test item Result

10 mm 100

5 mm 100
e sise distributi 2.5 mm 93
P(a;elrcc:nts I;Zssilrslgl;u‘;:;n 1.2 mm 78
0.6 mm 46

0.3 mm 19
0.15 mm 8

Fineness modulus 2.57
Soundness index (%) 5.0
Density (g/cm3) Surface-Dry 2.54
Oven-Dry 2.50

Water absorption (%) 1.21
Passing of 0.08 mm Sieve 3.0
Organic impurity (%) -

Unit volume weight (kg/f) 1.529

Table 7. Physical properties of coarse aggregate with maximum
size

Max. size
Test item (mm)

8 10 13

Fineness modulus 5.57 5.94 6.28
Soundness index (%) 4.0 4.0 5.0
Density Surface-dry 2.60 2.61 2.72
(g/em’) Oven-dry 259 | 260 | 270
Water absorption (%) 1.47 0.94 0.97
Passing of 0.08 mm Sieve 1.8 0.6 0.8
LA abrasion index (%) 23.2 21.3 441
Unit volume weight (kg/f) 1515 | 1.532 | 1.612
Solid volume percentage (%) 57 60 59
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2221 E3TE AH AF

Table 102 & AtolA 288 E42E vigh 21
& UeEhd Ao2 27 Table 109] D~Q& #2224
Zx]4= Hste] ot EAE BA WIE RARBY)
oJst w3t 2otk E3 24 @, @~@%= Plain thy]

Table 8. Scheme on concrete test with max. size of coarse
aggregate, type and substitution ratio of mineral

admixture
Type Test item Testing time
Fresh Slump Immediately
concrete Air content Immediately
Hardened Compressive strength 3, 7, 28
concrete | Dynamic modulus of elasticity| 3, 7, 28d

Table 9. Paste and mortar test with type of accelerator

Type Test item Testing time

Setting time -

Paste XRD
(X-ray diffractometer)

1, 3, 28d

Mortar Compressive strength 0.5, 1, 3,7, 28d

Table 10. Mixing proportions of concrete

E3e] T % Mg mE FAE S4F 24
3t7] gttt

E3YE AlH AL 100 £, 250 rpme] £ 2)d
Sh= A gAel] BE S AEE FURE F20~30
220 vl 3 & ARl IpEsAlE FUR #
13 302 §¢ 23isto] 232 EE Azsidtt 5
I AT KS F 2402, 371% AFS KS F 2449 , U+
Zr== KS F 2405, 712]31 FEHAAE KS F 24379
E3) Ak

2222 Ho|AE Y HEEl2 AJH A2}

FEAY FFol T2 AN H|wLdl] st
ZAmo] Ao oJgt AMIE 32 AIZF AIF e KS
L 51039] w2t AJHE Ho]AEQ] SHXE &4
ArhE-AHES] 0.29). BEel2o] ZJedd B4
H|w5l7] Y3te] KS L 51059 &3t B2 A|w
(50x50x50 mm)-& AZSIATHE-AHEH] 0.485). &
AR 2408 187 wveh= 3 5 3027} kst
the EQllgon, B9 & 3027} Ans the A3
Al AAEE ARt ACE AR Al 124]710] st
thy g93l9on, ol 4 A= FH2 U= &4
AL 3083717] 2022 CE {AIE = S220014 st
arok FAAE ARALY] WS A8, 77 A
HE ks 7|E02 sl FuY|o|EAl= 5%, ¥
JzA= %S A3k

i gle o

. W/B | Gmax | S/a Unit weight (kg/m’)
Specimen o) N N 5 3
%) |(mm)| %) | w C S SF” | BFS” | SP remark
@ 8-Plain 8 _ _
- Evaluation on the max. size of coarse

@ 10-Plain 10 460 - - aggregale
© 13-Plain 13 _ -
@ 5-SF 8 437 23 -
® 10-SF 33.7 8 67 | 155 | 414 | 1062 | 524 | 46 - 23
® 15-SF 8 391 69 - Evaluation type and substitution ratio
(® 10-BFS 8 414 - 46 of the mineral admixture
20-BFS 8 368 - 92
© 30-BFS 8 322 - 138

D SF: silica fume
D BFS: blast furnace slag
¥ sp: superplasticizer (naphthalene sulphonate type)
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Table 11. Setting time of cement paste with type of accelerator
for shotcrete

Setting time
Type (min.: sec.)
Initial set Final set
Alkali aluminate 3:20 6:30
Alkali-free (AF1) 4:10 8:30
Alkali-free (AF2) | 2:40 6:10
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{(a) alkali aluminate, (b) AF1, and (c) AF2]
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