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A Study on the Chemical Reaction of Crushed Aggregates
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ABSTRACT

In Korea, due to the short comings of natural aggregate and increasing needs of crushed ston
es, it 1s necessary to examine the alkali-aggregate reaction of the crushed stone.
In this research,

hod {ASTM C 289)
C 220,

crushed stones from 63 local sites are collected and tested by Chemical met-

, Petrographic examination (ASTM C 295) and Mortar-Bar method (ASTM

Test results show that most of samples didn't show any reaction. The careful examinations
shouid be continued because many samples contain common deleterious mineral

als and possibility
of chemucal reaction will be increased by the use of seasand.

Keywords : alkali-aggregate reaction, reactive minerals, crushed aggregates
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Table 1 Reactive mineral and rock'®

(ASTM C 295, U. S. A)

Type of
Reaction
Alkali- + Opal

Silica - Cristobalite
Reaction « Tridymite

Reactive mineral and rock

- Siliceous and some intermediate Volcanic glass

« Chert

- Glassy to cryptocrystalline acid Volcanic rocks

« Synthetic Siliceous glasses

- Some argillites

- Metamorphic greywackes

- Rocks containing highly metamorphic quartz such as
greywackes

- Phyllites

- Schists

i - Gneisses

- Gneissic granites

- Vein quartz

- Quartzite

+ Sandstone

Alkali-
Carbonate
Reaction

- Calcareous dolomites or dolomitic limestones with
clayed insoluble residues

Table 2 Chemical reactive rock in concrete®

. Reactive Rock containing
Type of Reaction ) o
constituent reactive mineral
Andesite, Basalt, Ryolite, Obsid-
Glass . ) .
ian, Perlite, Obsidian Tuff, etc.
' Cristobalite Andesite, Basalt, Ryolite, Obsid-
| Tridymite 1an Tuff, etc.
Alkal Slate, Shale, Ryolite, Sandstone,
Micro Quartz
aggreagte ete.
Reaction | reaction Hornfelse, Schist, Phyllite, Slate,
Micro Mica
of Cement Shale, Sandstone, etc.
or Cement Undulate iGneiss, Schist, Chert, Granite,
constituent ; Extinction Quartz | Diorite, etc. B
) Andesite, Ryolite, Basalt, Obsid-
Reaction .
) 1an Tuff, Diorite, Sandstone, Slat
except Laumontite . .
e, Shale, Hornblendite, Schist,
alkali-
e etc,
aggregate
regag [_g Vontmorone | B Andeste, Ryclite, At
on ilioni
- cu ian Tuff, Sandstone, Slate, Shate
Deleterious reaction in Sandstone, Slate, Shale, Andes

existence of | Pyrite ite, Basalt, Ryolite, Schist. Dior-
CalOH), ite, Hornfelse
Reaction with water MgO

Serpentin, Dolomictic, Limestone
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Table 3 Results of S¢ and R;
Dissolved Reduction in
Sample No. sillica(S.) alkalinity{(R.)
(mmol /1) (mmol /1)
* Seoul, Kyonggi Do (8)
SK -1 16.08 118.1
SK -2 18.27 10.5
SK -3 28.82 23%8.5
SK -4 12.25 76.5
SK -5 23.62 90.4
SK - 6 19.87 83.4
SK 7 18.88 134.4
_ SK -3 10.01 97.3
* Kangwon Do (6) o o
KW -1 2.14 210.9
KW -2 10.62 48.7
KW 3 16.10 86.9
KW -4 17.07 85.7
KW-5 | 0.3% 420.0
KW -6 i 12.88 140.0
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CN 1 11.93
CN -2 ; 32.01
CN -3 i 16.71
CN -4 : 38.37
CN -5 26.11
CN -6 ‘ 10.76
CN 7 1 10.53
CN 8 ‘ 20,48
CN 9 22,80
* Chungchengnam Do (14) S
cS 1 17.70 25003
cs 2 20.37 66.0
CS 3 37.92 170.3
CS- 1 22.06 130.0
CS- 5 17.57 128.6
CS 6 28.35 114.7
csS- 7 15.29 97.8
CS- 8 22.13 55.6
S 9 11.55 150.0
CS - 10 21.99 83.5
cS 11 14.48 137.5
CS 12 23.82 86.9
CS 13 7.78 142.1
CS - 14 19.19 69.5
% Kyoungsangbuk Do (10)
KN 1 25.51 146.0
KN - 2 21.86 2329
KN - 3 21.77 141.3
KN - 4 22.03 69.6
KN 5 26.09 229.4
KN - 6 24.43 250.2
KN - 7 30,39 2165.5
KN 8 23.66 86.9
KN 9 19.05 201.6
KN 10 28.29 205.1
* Kyongsangnam Do (10
KS 1 11.25 102.0
KS 2 25.55 162.3
KS 3 32.59 83.4
KS 1 44.08 66.0
KS - 5 47.75 238.3
KS 6 32.23 127.4
KS 7 25.28 276.6
KS - 8 19.78 128.5
KS- 9 | 20.32 171.5
KS 10 i 19.78 T
* (,hunld Do (6) .
JL1 \ 21.90 8.7
Jio2 | 17.54 92.5
JL -3 } 33.36 2950
JL 1 28.53 131.7
JL-5 62.33 ‘ 242.5
JL-6 11.83 1 115.0
2az|estsEs



Table 4 Types of sampling aggregates

Sample Type Sample Type
Ne, No.
Sk- 1 ﬂar;ihodiorite . CS 1 Granite
2 Granodiorite 2 Biotite Schist
3 Syenite 3 Acidic Dyke
1 Basic dyke 4 Granodiorite
3 Granodiorite 5 Biotite Schist
6 Quartz Dioride [ Granodiorite
7 Granodiorite 7 Granodiorite
3 Granodiorite 3 Acidic Dyke
KW1 Carbonate Rock 4 Shale
2 Carbonate Rock 10-a  Biotite Granite
3 Granodiorite ; 10 h  Sandstone
4 Quartz Monzonite, 11 Granodiorite
5 Carbonate Rock | 12 Acidic Dyke
6 Granite 1 13 Quartz Granite
S | 14 Granodiorite
CN1  Acidic Dyke  JL1 Quartz Granite
2 Granodiorite 2 Granite
3 Greiss | 3 Acidic Dyke
4 Syenite 4-a Diorite
5 Syenite 4-b Quartz Diorite
6 Granodiorite 5 Quartz Diorite
7 Granodiorite 6 Acidic Dyke
8 Granite 3
9 Aadic Dyke | i
KN 1 Gramie ""'[Ks | Guarty Diorite
2 Bwtite Granite 2 Basic Dyke
3 Granodiorite 3 Granodiorite
1 Granite 4 Quartz Diorite
5 Granodiorite 5 Quartz Diorite
6 Quartz Granodiorite| 6 Quartz Granite
7 Syenite 7 Quartz Granodiorite
8 Granite da Granodiorite
9 Granodiorite 3-h  Granite
‘ Granodiorite

10 Diorite | 3]
: 1o Vi@uart’; Diorite
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Table 5 Modal analysis of samples

Sample No, gn?a”fsd I;:]CC? 1r{1€uscov undulate calcite  quartz ;C)ll:sgelo 2{;2: E?e['?de g;lne biotite chiorite Hﬂi}al gﬁg;‘; spine apatite epidote chert frayment  Total
SK-1 5 16 11 31 #H 5 102
SK-2 1 42 32 28 13 116
SK-3 47 20 41 1 109
SK-4 1 1 2 84 24 1 113
SK-5a 16 23 12 22 2 75
SK-5b 6 2 34 13 5 8 1 114
SK-6 3 2 22 52 3 3 7 92
SK-7 37 39 27 1 104
SK-8 2 3 31 49 7 9 1 102
KW-1 100 100
KW-2 100 100
KW-3 45 10 2 49 22 37 1 1 24 191
KW-4 4 2 31 41 11 10 3 1 103
KW-5 100 100
KW-6 13 4 36 15 51 1 1 121
CN-1 50 8 30 2 2 92
CN-2 60 1 13 5 10 3 2 94
CN-3 10 30 51 3 1 4 3 102
CN-4 30 69 1 100
CN-5 1 1 8 11 70 2 93
CN-6 14 15 11 1 8 49
CN-7 1 28 34 23 3 16 105
CN-8 39 18 9 66
CN-9 25 54 20 1 100
CS1 1 22 40 7 46 116
CS 2 9 81 11 8 109
CS-3 22 17 40 38 14 131
CS4 3 35 26 45 2 1 112
CS-5 14 40 14 32 5 105
CS-6 3 38 27 31 1 100
CS-7 5 7 13 30 37 10 5 107
CS-8 26 17 12 29 2 15 101
CS9 12 61 28 101
CS-10a 6 30 13 28 31 108
CS-10b; 14 10 28 39 1 3 8 103
CS-11 19 12 30 36 10 107
CS-12 31 70 101
CS-13 11 1 11 6 54 13 19 2 1 2 120
CS-14 3 9 32 25 30 6 105
KN-1 1 24 22 13 53 113
KN-2 1 25 17 53 1 1 98
KN-3 11 12 45 21 8 2 99
KN-4 39 1 6 33 13 40 1 9 1 143
KN-5 6 3 15 28 19 15 24 1 8 119
KN-6a 17 1 20 16 32 8 2 4 3 103
KN-6b 65 1 12 6 3 1 12 7 107
KN-7 117 6 10 1 1 3 138
KN-8 | 70 19 11 21 7 15 143
KN-g 39 1 17 23 11 13 1 2 3 110
KN-10 | 105 1 1 107
KS1 ¢ 79 4 13 13 109
KS-2 100 100
KS-3 | 2 31 10 15 7 65
KS-4 1 130 23 15 2 220
KS-6 = 39 2 21 18 13 11 3 2 109
KS 7a 40 3 16 8 7 3 8 1 27 113
KS-7b 117 6 10 1 1 3 138
KS-8a 43 15 1 17 19 5 5 22 1 128
KS:8b ¢ 1 11 24 24 53 3 121
KS-9 14 14 7 26 40 2 23 3 129
KS-10 94 1 2 7 1 105
JL-1 11 2 27 43 2 12 4 1 102
JL-2 1 10 36 8 96 16 167
JL-3 3 23 85 4 6 7 9 137
JL-4a 19 4 2 218 2 245
JL-4b 253 28 49 52 382
JL-5 360 55 24 13 452
JL-6 241 14 12 13 280




34278724 % £4

ﬁlémow JIS 71Fo2 HA A wg 74
o] A& AlE ot FEatH EMoA Ay or f
APez B HEES 175 ol 283t A
& 307Ho) thslel Mortar-Bar AlH-& F38S 2
»Jrl 2%¢2] 7t el skl U A 378l 0.
05%, 6709l 0.1% ol del Zo] W 2L& & eRH
B ARE sl

Flg.4t? 30708 AN EFN AdiH oz do] ¥
algo] & AlEFA 50 hate] 670y el F

Y 7Ang £3589 el

LENGTH CHANGE (%

Fig. 4 Resuits of Mortar-Bar Test

.2 B

] A Fafo] gk wrarel el 7} kgl o
ZA e Falvbs S Ayl flEte AFe
L A9 Mo FuHE HE I 633

U o

Aol it shehy, B

::’4

6’1»31 ]i}\‘ Mor-

tar-Bary o] 37}4) Al@& A Aibe ohEd
Fade sy

(1) ASTM C 2899 st&tig 71 c 2 Algdd
A5 wE Al 7E g Ao venteyt
BA7IEo R JIS A 5308 #&5A 78 A8 A
- A7) 2 Be, 25 Fd oH FEH TR
g 339 AEFA7L Fairbedel U AeR

M 73 1% 1995.2.

(2) #E&A A 2o Apdu Ao
A fral GEgrel Alsaael] ofe
o] glon WY @’{D]'fég‘g A o] 0131

7

o chap ¢

;}wﬂ o FEEH Bao) ol viA &
8H7}%‘-*é°l A FAE 25 30709 Al &3
o thatel Mortar Bar Al9& a3 At 3
715 x) o) o] BAE el e Al sk

ol AFe] AlF A BAghd Bl vy of
A A8 s A A g aao] shall A whg-Ad 2 =
AR A AR B hutgoll thate] <bF A
2hat vhl g e gleh wRle] iAol F4
e A7l WHE Al Edel A e gt
o5 Qg JHaf7t 4 ZHHL‘* Aol HeE W
wfl, srAfel iAol ebsby)nn 9lis felvhetel
Ao x el sehwrgo i Qe gjaE x|
a7l st vl & e Apvr Bag Joeg A

¥ 12 8

1. 71%e AR, e a8 obd o] okl
A NEEol] @ AT, ko dha A A3
A13, 1990, pp.18~33.

2. Roberta A. Storer(Eds.), ASTM C 295, Stan
dard Practice for Petrographic Examiantion
of Aggregates for Concrete, Annual Book of
ASTM Standards Section, Vol.04.02 (Comn-
crete and Aggregates), Easton, 1990.

3. REE, “HMBEID S rfu‘T’ Ve DB Tk
ST AT, s o ) b L8 Vol 26,
No, 7, July 1988, pp.40~48.

4. S g, ke FAukgol o]t ErelE o]y

o Eﬂ ‘113‘1 8 A8E, 1986. 6, pp.9~22.

CEAE, Can Al kA o] ehdelnkd 2AL Al 4
3 ’\l ““ BErvlgAniviit g, §90 AN43, 1984,

pp.55~62.

6. HaQl, ol A3l A, dEE, “%Hiil ‘T‘Lxﬂ‘”

[=3 L & gk Bl & [~] A %)
FAdoll g FEerF BT $har

2]

|
r.J
:
.-n
Jil
O\
—
o ;



144

1989 5 7H&8ts wE 3 =& 7, 1989. 11,

1~4.

e 2AE CAREY WA ks Qs 2
AP A7, s EA T, 1989, pp. 145~
152.

LA E, o)A, FAE, A Ao dde
A7 A Bgol #gk AP AT, S
AglEgy 191VE H3es wRd =83,
1991, pp.93~98.

CNIFHRAC, T A MR EORKE, TV A )4t
MIEBEIZR T2 R 74" SN TR

1985. 7, pp.3~28.

10.

11.

12.

H.E. Vivian, “The Effect of Amount of added
Alkalies on Mortar Expansion”, CSIRO Bull.
NO. 256, 1950, pp.31~47.

FEEE—, T A B HMIKEORE ik, b 4
P a7 Y—1", No.475, Sep. 1986, pp.26~34.
Gratten-Bellew, P.E., “Evaluation of Minia-
ture Rock Prism Test for Determning the Po-

tential Alkali-Expansivity of Aggregates”, Ce-

ment and Concrete Research, Vol. 11, No.
5/6, 1981, pp. 669-711.

(5K} 1994, 12. 31)

23 EsE =R



2l MM BT stetuSy AT
A Study on the Chemical Reaction of Crushed Aggregates

ol s+ g
Lee, Jang Hwa Kim, Sung Wook

(@) (o33
= =

A b o) argbadegell s gloll ubeh M)A eraf o) Abgo] MylE

) S o ] o Rl )
ehol Aol o] M ul ahel stehub ol HiEk ¢lpel W e el

Ak Suiv]ar vk - doof 4]
elvhetell A bl s A eral ik A Abahis 238
b

ﬂ_,

1t B 3ake] AlE A i A FHEle] 8)E) g ’3‘%%@"—“3.
Al shehal g4 & qf i shol )
WA S A grite] Al v sh WlS )‘.1‘ VER A @kokont abirabal Bt o faf b
=] 2 A ibol edul Alsiptafell sEehx|of daduh webA] sfAle] AL 3

S
e T o] dstukgol elofuk zhs Aol 7 s A% = eltrh s g,

WAl e A shef

A shetukg fgol ¥

= &) 0] Il ’ﬂ 591

ABSTRACT

In Korea, due to the short comings of natural aggregate and increasing needs of crushed ston
es, it 1s necessary to examine the alkali-aggregate reaction of the crushed stone.
In this research,

hod {ASTM C 289)
C 220,

crushed stones from 63 local sites are collected and tested by Chemical met-

, Petrographic examination (ASTM C 295) and Mortar-Bar method (ASTM

Test results show that most of samples didn't show any reaction. The careful examinations
shouid be continued because many samples contain common deleterious mineral

als and possibility
of chemucal reaction will be increased by the use of seasand.

Keywords : alkali-aggregate reaction, reactive minerals, crushed aggregates
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Table 1 Reactive mineral and rock'®

(ASTM C 295, U. S. A)

Type of
Reaction
Alkali- + Opal

Silica - Cristobalite
Reaction « Tridymite

Reactive mineral and rock

- Siliceous and some intermediate Volcanic glass

« Chert

- Glassy to cryptocrystalline acid Volcanic rocks

« Synthetic Siliceous glasses

- Some argillites

- Metamorphic greywackes

- Rocks containing highly metamorphic quartz such as
greywackes

- Phyllites

- Schists

i - Gneisses

- Gneissic granites

- Vein quartz

- Quartzite

+ Sandstone

Alkali-
Carbonate
Reaction

- Calcareous dolomites or dolomitic limestones with
clayed insoluble residues

Table 2 Chemical reactive rock in concrete®

. Reactive Rock containing
Type of Reaction ) o
constituent reactive mineral
Andesite, Basalt, Ryolite, Obsid-
Glass . ) .
ian, Perlite, Obsidian Tuff, etc.
' Cristobalite Andesite, Basalt, Ryolite, Obsid-
| Tridymite 1an Tuff, etc.
Alkal Slate, Shale, Ryolite, Sandstone,
Micro Quartz
aggreagte ete.
Reaction | reaction Hornfelse, Schist, Phyllite, Slate,
Micro Mica
of Cement Shale, Sandstone, etc.
or Cement Undulate iGneiss, Schist, Chert, Granite,
constituent ; Extinction Quartz | Diorite, etc. B
) Andesite, Ryolite, Basalt, Obsid-
Reaction .
) 1an Tuff, Diorite, Sandstone, Slat
except Laumontite . .
e, Shale, Hornblendite, Schist,
alkali-
e etc,
aggregate
regag [_g Vontmorone | B Andeste, Ryclite, At
on ilioni
- cu ian Tuff, Sandstone, Slate, Shate
Deleterious reaction in Sandstone, Slate, Shale, Andes

existence of | Pyrite ite, Basalt, Ryolite, Schist. Dior-
CalOH), ite, Hornfelse
Reaction with water MgO

Serpentin, Dolomictic, Limestone
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Table 3 Results of S¢ and R;
Dissolved Reduction in
Sample No. sillica(S.) alkalinity{(R.)
(mmol /1) (mmol /1)
* Seoul, Kyonggi Do (8)
SK -1 16.08 118.1
SK -2 18.27 10.5
SK -3 28.82 23%8.5
SK -4 12.25 76.5
SK -5 23.62 90.4
SK - 6 19.87 83.4
SK 7 18.88 134.4
_ SK -3 10.01 97.3
* Kangwon Do (6) o o
KW -1 2.14 210.9
KW -2 10.62 48.7
KW 3 16.10 86.9
KW -4 17.07 85.7
KW-5 | 0.3% 420.0
KW -6 i 12.88 140.0
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CN 1 11.93
CN -2 ; 32.01
CN -3 i 16.71
CN -4 : 38.37
CN -5 26.11
CN -6 ‘ 10.76
CN 7 1 10.53
CN 8 ‘ 20,48
CN 9 22,80
* Chungchengnam Do (14) S
cS 1 17.70 25003
cs 2 20.37 66.0
CS 3 37.92 170.3
CS- 1 22.06 130.0
CS- 5 17.57 128.6
CS 6 28.35 114.7
csS- 7 15.29 97.8
CS- 8 22.13 55.6
S 9 11.55 150.0
CS - 10 21.99 83.5
cS 11 14.48 137.5
CS 12 23.82 86.9
CS 13 7.78 142.1
CS - 14 19.19 69.5
% Kyoungsangbuk Do (10)
KN 1 25.51 146.0
KN - 2 21.86 2329
KN - 3 21.77 141.3
KN - 4 22.03 69.6
KN 5 26.09 229.4
KN - 6 24.43 250.2
KN - 7 30,39 2165.5
KN 8 23.66 86.9
KN 9 19.05 201.6
KN 10 28.29 205.1
* Kyongsangnam Do (10
KS 1 11.25 102.0
KS 2 25.55 162.3
KS 3 32.59 83.4
KS 1 44.08 66.0
KS - 5 47.75 238.3
KS 6 32.23 127.4
KS 7 25.28 276.6
KS - 8 19.78 128.5
KS- 9 | 20.32 171.5
KS 10 i 19.78 T
* (,hunld Do (6) .
JL1 \ 21.90 8.7
Jio2 | 17.54 92.5
JL -3 } 33.36 2950
JL 1 28.53 131.7
JL-5 62.33 ‘ 242.5
JL-6 11.83 1 115.0
2az|estsEs



Table 4 Types of sampling aggregates

Sample Type Sample Type
Ne, No.
Sk- 1 ﬂar;ihodiorite . CS 1 Granite
2 Granodiorite 2 Biotite Schist
3 Syenite 3 Acidic Dyke
1 Basic dyke 4 Granodiorite
3 Granodiorite 5 Biotite Schist
6 Quartz Dioride [ Granodiorite
7 Granodiorite 7 Granodiorite
3 Granodiorite 3 Acidic Dyke
KW1 Carbonate Rock 4 Shale
2 Carbonate Rock 10-a  Biotite Granite
3 Granodiorite ; 10 h  Sandstone
4 Quartz Monzonite, 11 Granodiorite
5 Carbonate Rock | 12 Acidic Dyke
6 Granite 1 13 Quartz Granite
S | 14 Granodiorite
CN1  Acidic Dyke  JL1 Quartz Granite
2 Granodiorite 2 Granite
3 Greiss | 3 Acidic Dyke
4 Syenite 4-a Diorite
5 Syenite 4-b Quartz Diorite
6 Granodiorite 5 Quartz Diorite
7 Granodiorite 6 Acidic Dyke
8 Granite 3
9 Aadic Dyke | i
KN 1 Gramie ""'[Ks | Guarty Diorite
2 Bwtite Granite 2 Basic Dyke
3 Granodiorite 3 Granodiorite
1 Granite 4 Quartz Diorite
5 Granodiorite 5 Quartz Diorite
6 Quartz Granodiorite| 6 Quartz Granite
7 Syenite 7 Quartz Granodiorite
8 Granite da Granodiorite
9 Granodiorite 3-h  Granite
‘ Granodiorite

10 Diorite | 3]
: 1o Vi@uart’; Diorite
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Table 5 Modal analysis of samples

Sample No, gn?a”fsd I;:]CC? 1r{1€uscov undulate calcite  quartz ;C)ll:sgelo 2{;2: E?e['?de g;lne biotite chiorite Hﬂi}al gﬁg;‘; spine apatite epidote chert frayment  Total
SK-1 5 16 11 31 #H 5 102
SK-2 1 42 32 28 13 116
SK-3 47 20 41 1 109
SK-4 1 1 2 84 24 1 113
SK-5a 16 23 12 22 2 75
SK-5b 6 2 34 13 5 8 1 114
SK-6 3 2 22 52 3 3 7 92
SK-7 37 39 27 1 104
SK-8 2 3 31 49 7 9 1 102
KW-1 100 100
KW-2 100 100
KW-3 45 10 2 49 22 37 1 1 24 191
KW-4 4 2 31 41 11 10 3 1 103
KW-5 100 100
KW-6 13 4 36 15 51 1 1 121
CN-1 50 8 30 2 2 92
CN-2 60 1 13 5 10 3 2 94
CN-3 10 30 51 3 1 4 3 102
CN-4 30 69 1 100
CN-5 1 1 8 11 70 2 93
CN-6 14 15 11 1 8 49
CN-7 1 28 34 23 3 16 105
CN-8 39 18 9 66
CN-9 25 54 20 1 100
CS1 1 22 40 7 46 116
CS 2 9 81 11 8 109
CS-3 22 17 40 38 14 131
CS4 3 35 26 45 2 1 112
CS-5 14 40 14 32 5 105
CS-6 3 38 27 31 1 100
CS-7 5 7 13 30 37 10 5 107
CS-8 26 17 12 29 2 15 101
CS9 12 61 28 101
CS-10a 6 30 13 28 31 108
CS-10b; 14 10 28 39 1 3 8 103
CS-11 19 12 30 36 10 107
CS-12 31 70 101
CS-13 11 1 11 6 54 13 19 2 1 2 120
CS-14 3 9 32 25 30 6 105
KN-1 1 24 22 13 53 113
KN-2 1 25 17 53 1 1 98
KN-3 11 12 45 21 8 2 99
KN-4 39 1 6 33 13 40 1 9 1 143
KN-5 6 3 15 28 19 15 24 1 8 119
KN-6a 17 1 20 16 32 8 2 4 3 103
KN-6b 65 1 12 6 3 1 12 7 107
KN-7 117 6 10 1 1 3 138
KN-8 | 70 19 11 21 7 15 143
KN-g 39 1 17 23 11 13 1 2 3 110
KN-10 | 105 1 1 107
KS1 ¢ 79 4 13 13 109
KS-2 100 100
KS-3 | 2 31 10 15 7 65
KS-4 1 130 23 15 2 220
KS-6 = 39 2 21 18 13 11 3 2 109
KS 7a 40 3 16 8 7 3 8 1 27 113
KS-7b 117 6 10 1 1 3 138
KS-8a 43 15 1 17 19 5 5 22 1 128
KS:8b ¢ 1 11 24 24 53 3 121
KS-9 14 14 7 26 40 2 23 3 129
KS-10 94 1 2 7 1 105
JL-1 11 2 27 43 2 12 4 1 102
JL-2 1 10 36 8 96 16 167
JL-3 3 23 85 4 6 7 9 137
JL-4a 19 4 2 218 2 245
JL-4b 253 28 49 52 382
JL-5 360 55 24 13 452
JL-6 241 14 12 13 280
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