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TOM TAT

V& mit dinh tinh cao su c6 kha ning giam chin nén khi két hop v&i vat lidu cat sé tao thanh hén hop

TU KHOA
Tham s6 déng
M6 dun trugt

vat lidu vira c6 kha ning chiu lyc va vita ¢6 kha ning giam xung déng. D& khing dinh cic nhan dinh
) A 2
Ty 50 can trén nghién cttu nay sé tién hanh xéc dinh cic tham sé d6ng (mé dun trugt, ty s can) ctia hdn hop cat
Cao su hat N R <
o R cao su vOi cdc ham lugng cao su khac nhau bang thi nghiém nén ba truc dong duéi diéu kién bién dang
Thi nghiém nén ba truc dong . R R N N B
Gé . cat 16n. bong thoi dé danh gid vé kha ndng chiu luc cta hon hgp cét cao su, nhém tac gia tién hanh
6c ma sat trong
Luc dinh

Thf nghiém cét phing

nghién ctu dic trung chéng cét ctia hdn hop dua vao thiét bi thi nghiém cit phing ty dong Shearmatic.
Két qua nghién ctiu thiee nghiém cho thy hén hop cat cao su phit hop dé 1am vat liéu dip hay 1am nén

cho céc cong trinh chiu tai trong dong.

KEYWORDS

Dynamic property

ABSTRACT
Rubber has the ability to absorb shock thus waste tires mixed with soil has the ability to reduce

Shear modulus vibration while still having a high bearing capacity. This paper will study the dynamic property (shear

Damping ratio modulus and damping ratio) of granulated rubber and sand mixtures at several different percentages by
Granulated rubber
dynamic triaxial tests in the laboratory. The strength characteristics of granulated rubber and sand

The results show that the

Waste tire

Mi mixtures will also be determined by Automatic Shear Testing equipment.
ixture

Dynamic triaxial tests granulated rubber and sand mixtures are suitable for filling material that may be subjected to seismic

Direct shear test loads.

1. P4t van dé

Su gia ting nhanh chéng s6 ligng 16p xe phé liéu mdi nim trén
toan thé gii dang 13 mot vAn dé 16n duge quan tim ctia nhidu quéc
gia. Sy tich tu qua mtc nay de doa dén ca méi triong va siic khoe
con ngwdi. Mic dit da ¢ nhitng nghién cttu dé téi st dung 16p xe phé
liéu nhu: nghién citu cao su phé thai d& st dung lam vat liéu mat
duong [2, 4]; nghién cttu cao su phé thai 1am vt liéu dép cho nén
duwong cao tdce, gia cb dAt — tudng chin [1, 3, 5]dwgc thuc hién nhung
dwong nhv 13 khong du dé giam lwong chét thai nay. Do d6, viéc
nghién cttu x4c dinh cac dic tinh dia k§ thuat chung ctia hén hop cét -
cao su nhdm phat trién céc phwong phap méi tai sit dung 16p xe phé
liéu da tré thanh mot muc tiéu cip thiét quan trong nhdm giam tic
dong ctia chiing dén méi tridng, ciing nhu stic khoe cong ddng.

Thoi gian gin ddy nhiéu nghién ctiu thyc nghiém khéac nhau vé
dic tinh d6ng hoc ctia hén hop cat - cao su di duogc tién hanh.
Pistolas [9] d chi ra rd rang rang bién dang cit c6 anh hwdng déng
ké dén ty sb can. Sarajpoor [10] béo cdo ring & bién d6 bién dang cit
nhé hon 0,1 % sy gia ting ham lugng thé tich cao su din dén ty sb
can cao hon, trong khi & bién d6 bién dang cét 16n hon khoang 0,1 %,
xu huéng nguoc lai. Trong khi Okur [8] thu dugc nhiing phat hién
trai ngugc bang cach sit dung céc thit nghiém cét cong hwong, chi ra
ring bién d6 bién dang cit nhé hon khoang 0,05 %, sy gia ting ham
lwgng thé tich cao su din dén ty sb can thip hon va nguogc lai.

*Lién hé tac gia: dinhnguyen18088@gmail.com
Nhan ngay 02/11/2021, stta xong ngay 09/12/2021, chip nhan ding 11,/05/2022
Link DOI: https://doi.org/10.54772/jomc.03.2022.306

Madhusudhan [7] tham chi con béo cdo ring ty 1 giam chin ctia hén
hop cét - cao su giam khi bién dang cét ting 1én.

Tt céc tdng hop trén cho thiy, mic dit cac nghién cu da thu
duge két qua so bo nhung vin con mot s6 két qua chia mang tinh
thuyét phuc va toan dién nhu ty 1é trén cao su trong hdn hop, sv anh
huéng ctia mitc d6 bién dang cit dén tinh cht hén hop... Vi vy
trong nodi dung nghién cifu, nhém tac gia tién hanh nghién ctu thuc
nghiém trong phong xem xét s thay dbi tham sé déng (mé dun trugt
G, ty sb can D) ctia hén hop cét - cao su v6i ty 1& cao su khdc nhau
bing thi nghiém nén ba truc dong. Kostas Senetakis va ddng nghiép
[11] d3 tdng hop cdc nghién v& hén hop céat cao su cho thiy cic
nghién cttu trude day thuong dua ra 2 phuong phap lya chon ham
lvong cao su (kiém soat theo khéi lugng hoac theo thé tich) va lva
chon ham lwgng cao su & mitc d¢ tit thip dén trung binh (< 35 % vé
mit khéi lvong hodc < 55 % vé miit thé tich). Trong nghién cttu nay
cac mAu hén hop cat — cao su dwge kiém soat vé mit thé tich v&i cac
ty 1& khac nhau 13: 0 %, 20 %, 40 %, 50 %. Ung v&i mbi hdn hop ciing
1 ty 1& cao su (hé s6 réng e=0,6) tién hanh thi nghiém 2 miu véi 4p
lyc nén ding hudng khac nhau (100 kPa,150 kPa) trong didu kién
bién dang cit 16n (bién dang twong dbi y > 0,1 %). Ngoai ra dé danh
gid v& mit chiu Iyc cac tic gia st dung thiét bi ct phing tu dong
Shearnatic dé xac dinh cdc tham sé chéng cit ctia hdn hop cat cao su
theo ty 1é khac nhau.
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2. Thi nghiém nén ba truc dong xac dinh cac tham sé dong ctia hdn hop cat cao su

1 - Khung nén ba truc dong

2 - B diéu khién dong

3 - May tinh va phin mém diéu khién
4 - Binh nén khi

5 - Van khoéa

6 - Hé théng do sur thay d6i thé tich
7- Buéng ba truc

8 - Truc gia tai

9 - Hé théng truyén dong

Hinh 1. Hé théng thiét bi may nén ba truc dong.

2.1. Vit liéu thi nghiém
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Hinh 3. Budng cong cip phdi hat cta cat.
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Hinh 4. MAu cat cao su v&i ty 1é thé tich cao su khéc nhau.

Cat thi nghiém st dung loai cat tiéu chuin Séng Hong c6 cip

phéi nhv Hinh 3. Cac hat cao su thai dugc cung cip boi mot cong ty

Trong lugng Thé tich
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Hinh 2. So' db 3 pha ctia hén hop cét cao su.

tai Ha N&i chuyén cung cip san phdm phan hiy tit 16p xe cao su phé
thai c6 kich thudc kha déng ddu dwong kinh trung binh 2 mm. Khéi
lwgng thé tich cao su 1,1 g/cm® Ty 1é cao su trong hdn hop duoc
kiém soat v& mat thé tich so v6i téng thé tich hdn hop hat rén. Miu
thi nghiém dugc phan lam 4 loai khiac nhau vé ham lvong cao su la:
0 %; 20 %; 40 % va 50 %, mdi loai sit dung 2 miu tién hanh thi
nghiém. Céc t6 mAu nay c6 ciing mot hé sé réng e=0,6 = constant
(Hinh 4).

2.2. M6 td so bg quy trinh thi nghiém

MAu thi nghiém cé kich thwéc hinh tru tron duwdng kinh
D=100 mm, chiéu cao H=200 mm, khi d¢im lén titng 16p méu cin
kiém soat ddng déu v& d6 chiat (mAu dwoc chia 1am 4 phin bing
nhau, ddm @6t va tng v&i mbi 16p ¢Am dén khi dat dugc chidu day
méiu 12 bdi s6 ctia H/4=50 mm). Mau thi nghiém dugc suc khi CO,
trong vong 30 phit. Dong khi CO, qua miu c6 trong lugng riéng 16n
hon khi trong mAu nén né d& dang chiém chd cta céc hat khi va diy
cac hat khi ra ngoai mau. Sau khi két thic suc CO, thi trong céc 16
réng gan hoan toan dugc chiém bdi CO,, sau d6 cho dong nude sach
(da khu khi) qua méu. Nuwde sé hoa tan CO, va 15 r5ng chi con nuée.
Qua trinh thi nghiém chinh theo céc giai doan sau day:

- Giai doan bdo hoa: miu duge bio hoa qua viéc diéu chinh ap luc
budng va 4p luc ngwge. Két thiic bio hoa khi hé sb bio hoa B > 0,95.

- Giai doan cb két mau: thiét 1ap ap luc budng va 4p Iwc nguge theo
gia tri ap luc but?)ng htu hiéu mong mubn (0’;=100 kPa hoic
05=150 kPa), sau d6 doi dé 4p lwc nwéce 16 rdng du tiéu tan vé bing
ap luc ngugce thi qua trinh b két ditng lai.

- Giai doan gia tai déng: tai trong dwgc thiét 1ap theo tidu chuln
ASTM D3999 [[12]]

Tai trong hinh sin v gia tai theo 4p luc trén ddu miu: tin sb
gia tai f=1 Hz, bién d gia tai theo ty s§ ting sudt CSR=0,1+0,3.
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Hinh 7. Tién hanh suc khi CO, va cip nudc di qua mau thi nghiém.

Hinh 8 trinh bay dic tinh ing sut - bién dang ctia d4t khi chiu tai
trong doc truc theo chu ky, cac tham s6 mé dun trugt G va hé s6 can
D ciing sé ty déng tinh todn va ty déng ghi lai theo tiéu chuin ASTM
D3999 [12], cu thé nhu sau:

- Bién dang cét dong trong mau thi:

_ &sa 0
Yoa= T2--100% &)
trong d6:

+ £pa = Spa/Ls 12 bién dang doc truc bién do kép;

+ g4 = g54/2 12 bién dang doc truc bién do don;

+ v 1a hé sb Poisson;

+ Spa 12 chuyén dich bién d6 kép (mm);

+ Lgla chiéu cao mAu sau khi ¢ két (mm).

Ung sudt cit Td

— At

Bién dang cit €4

Hinh 8. Biéu dd xac dinh mé dun cit déng va ty sb can ctia hén hop

cat-cao su.

- M6 dun dan hdi dong dugc tinh toan nhu sau:

Lpa ﬁ
Spa A

E= @

trong do:

+ Lp, la tai bién do kép (kN);

+ Spala chuyén dich bién d6 kép (mm);

+ Lgla chiéu cao miu sau khi ¢ két (mm);

+ A la dién tich mit cit ngang ctia miu.

- M6 dun cit dong ctia mot mau dugc xac dinh:
E

= —F—_ 3
2.(1+ ) ®

- Ty s6 can 12 mot tham s6 dong luc hoc quan trong clia dat thé hién
dic tinh tré ctia tng suét - bién dang ctia dAt khi chiu tai theo chu ky.
NG ciing phan 4nh sy tiéu tin ning ligng. Ty s6 can D c6 thé duge
xac dinh vé&i cong thiic:

A

D= —2L—-100% 4)
4m.A

trong do:

+ A, la dién tich bén trong vong lip tré (kN - m);

+ A, = 05.LS

2.3. Két qud thi nghiém va ban ludn

Két qua thi nghiém dugce thé hién tit Hinh 9 dén Hinh 14.
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Hinh 9. Quan hé M6 dun trugt G — Bién dang cit déng dwdi ap lvc
budng hitu hiéu 0,=100 kPa.

! | —ca |
60 [ ™ SR P Cao5u20% |
— —Cao sud0% |

M§ dun trugt G (MPa)

0,02 0.2 2
Bién dang cit dong v4 (%)

Hinh 10. Quan hé M6 dun trugt G — Bién dang cit déng dudi 4p luc
budng hitu hiéu hiéu 0,=150 kPa.
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Hinh 11. Quan hé M6 dun triot G — Bién dang cit dong mau chita
20 % cao su dwi ap lvc budng hitu hiéu khéc nhau.
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Hinh 12. Quan hé ty s6 can D - Bién dang cit déng dudi ap luc
budng hitu hiéu 0,=100 kPa.
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Hinh 13. Quan hé Ty sé can D - Bién dang cit déng v6i ap luc
budng hitu hiéu 0,=150 kPa.
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Hinh 14. Quan hé Ty s can D - Bién dang cit déng ctia mau chita
20 % cao su dudi &p e budng hitu hiéu khac nhau.

Ky hiéu chuéi twong tac
giita cdc hat véi nhau:
MBI ./ 57 [ K o7 | AT/ | 3
(TT2) cat—cao
su — cat

(TT3) cao su-
cao su

(cat — cao su)

Hinh 15. So' d6 minh hoa c4c chudi tutong tac trong hén hop cat cao su.

Hat cao su c6 do citng nho, kha ning bién dang 16n va tinh dan
hdi cao, do d6 rit d& dang thay dbi hinh dang. Nguoc lai cic hat cat
lai rét cting (dac biét so v&i cac hat cao su). Hinh 15 1a so dd héa hén
hop cat (0 % cao su) va hdn hop cét — cao su, ¢6 thé hién 3 chudi
tuwong tac gitta cac nhém hat véi nhau [[6]]. Trong dé chubi tuwong
tAc cat — cao su — ct va cao su — cao su c6 xu huéng giéng tinh chit
cta cao su (bién dang 16n va dan hdi cao). Khi ham lwong cao su cao
thi chudi twong tac TT2 va TT3 ting lén va giam chudi tuong tac
TT1. Do viy mau c6 ham lwgng cao su cang ting thi mé dun dan hoi
déng va mo dun trugt dong giam di.

- Khi ép luc buéng 100 kPa, ham lugng thé tich cao su 1an luwgt 1a 20
%, 40 % va 50 % thi m6 dun cit dong ban dau suy giam 1an lugt 1a
40,30 %; 59,25 % va 71,67 %.

- Khi 4p Itc budng 150 kPa, ham ligng thé tich cao su 1an lugt 1a 20
%, 40 % va 50 % thi m6 dun cit dong ban dau suy giam 1an luot 1a
38,54 %; 57,77 % va 72,77 %.

- Khi ting 4p lyc budng (tit 100 kPa 1én 150 kPa) thi sé ngin can sy
dich chuyén ctia cdc hat chinh vi viy 1am ting mé dun ct dong
(Hinh 11).

Tinh can cta hén hop cat — cao su duge biéu hién boi sy can
clia céc thanh phin riéng biét nhu: ban than cic hat cao su, su dich
chuyén ctia hat va ma sat giita cac hat. Mtc d6 can phu thudce do 16n
ctia bién dang cét:

- Khi bién dang cit nho hon 0,6 % thi ty sb can ting lén, bién dang
cit 16n hon 0,6 % thi nguoc lai, ty s& can lai giam. Pidu nay duoc

giai thich 13 do & mitc d6 bién dang 1én mau bi héa long hoan toan
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nén miu ¥ng xi¢ nhv chit 1éng. Do vdy ty sb can clia né suy giam vé
gia tri ctia chit 10ng twong ng.

- MAu v&i ham lvong cao su 20 % véi dp lwc budng khic nhau déu
cho thiy ty s6 can luén cao hon miu cat v6i sy thay dbi clia bién
dang cét. Con v&i cac miu ham lvong cao su cao hon (40 %, 50 %)
thi ty s6 can ctia hén hop cat cao su chi 1én hon ty sé can chia cat khi
bién dang cit nhé hon gi tri bién dang cit giéi han (vgn=0,15 % v6i
4p lwc budng béng 100 kPa, v,,=0,1 % v&i 4p luc budng béng 150
kPa). Sy thay dbi nay c6 thé dugc giai thich nhu sau: khi bién dang
nhé hon bién dang cit gidi han, dic tinh can cta hén hop chi yéu 1a
do ban than cac hat cao su con khi bién dang 16n hon thi dic tinh can
cht yéu do thanh phin ma sat giita cac hat, ma sy ¢6 mit cta cao su
lam suy gidm géc ma séat trong ctia hdn hop, chinh vi vay tinh can
ctia hén hop nay nhé hon so véi cat.

- Tém lai xét v& mit dong hoc thi viéc bd sung céc hat cao su vao hdn
hop cat 1am tiang hé s& can cho hén hop & moi miic d6 bién dang ting
v6éi ham lugng cao su 20 %. Con v§i ham lugng 40 %-50 % chi ¢6 y

nghia v&i mitc do bién dang trung binh.

3. Thi nghiém may cét phing xéc dinh cic tham sb chdng ct ctia
hén hop cit cao su.

Pé nghién citu sy anh hwéng ctia ham lwgng cao su dén géc
ma sat trong ctia hén hop cat cao su, tic gia dd st dung méy cit
phéng tu déng Shearmatic tién hanh nghién citu thiee nghiém dé xac
dinh cac tham s6 chéng cit ctia hén hop nay véi céc ty 18 cao su thay
dbi 0 %; 20 % va 40 %. Ngoai ra két qua nghién cttu nay ciing 12 co
s& dé danh gia v& mit site chiu tai cta céc giai phdp méng dit trén
nén hdn hop cat — cao su.

Thi nghiém xéc dinh tham s chéng cit ctia miu cét cao su khi
gia tai dwdi cling d6 chit (cting hé s rdng e = 0,6), tién hanh thi
nghiém cit 3 miu twong ng v&i cac cip tai nén dugce cai dit 1a o= 50
kPa; 100 kPa; 150 kPa. Thi nghiém duoc tién hanh trén co s& tiéu
chuin TCVN 4199:1995 [13], trinh ty thi nghiém cho 1 mau cat cao
su 20 % ting v§i tai trong nén o = 100 kPa nhu sau:

- Budce 1: Xac dinh khéi Igng thé tich cat va cao su cin dé thiét k& hdn
hop thi nghiém.

- Bwdc 2: Tao miu ché bi trong hop cit. Mau dugc tao trong hop cit
v&i dang hinh tru ¢6 kich thude khong dbi (dudong kinh D = 6,35 cmy;
chidu cao miu h = 2,0 cm).

- Bu6c 3: Lip hop cit véi mau da ché bi vio méy cit phing ki thuat sb
tw dong Sheramatic.

- Budc 4: Pd nude vao khay ding hop cit tién hanh giai doan bdo hoa

mau.

- Budc 5: Cai dit cac théng sb ban dau trude khi tién hanh thi nghiém

- Buéc 6: Tién hanh giai doan cb két mau.

- Bwdc 7: Tién hanh giai doan cit tryc tiép.

- Buéc 8: Léy s6 litu do va két thdc thi nghiém cho méu ché bi diu
tién.

V&i cAc mAu con lai ciing duge tién hanh nhv trinh ty trén.

DBiu do chuyén vi thing dimg va
chuyén vi ngang 49 chinh xic
cao.

USB ghi két qua thi nghiém
dinh dang file TXT

Hop chira thiét bj co

dién tao hye cat

Min hinh khai bdo cdc
thong s6 dau véo thi
nghiém va hién thj két
qua thi nghiém

Lyc thing dimg va luc
ngang lon nhit dat duge;
10kN

€6 thé diéu chinh dwoe
vin téc gia ti v hanh
trinh (thudn hoc nghich)

Cong cy dat hop cit
chira mu dat thi
nghiém

Diu do lyc thing
dimg va lyc ngang

Hinh 16. C4c bd phén chinh may cit phing k¥ thuét sé tyy dong

Shearmatic.

Hinh 17. Ché bi miu cit phing.

Tit Hinh 18 dén Hinh 23 thé hién két qua thi nghiém ct phing.
Quy luat chung duong cong quan hé chuyén dich ngang gifta 2 thét cit
va ting suét cit ctia 3 loai mau d&u nhv sau: mic du cling mdc d6 dAm
chit nhung hdn hop cét — cao su khéng c6 ting xtt héa mém sau cyc
dinh nhu cét chit. Khi ham lugng cao su ting lén thi cudng d6 chéng
cit va gbc ma st trong giam (@ =40,2 ° - mau cat; ¢=36,2 ° — miu

cat cao su 20 %; @ =32,3 ° — mAu cét cao su 40 %).
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Hinh 18. Quan hé Lifc cit — Chuyén vi ngang mAu cat.
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Hinh 20. Quan hé Lifc cit — Chuyén vi ngang mAu cat — cao su 40 %.
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Hinh 22. Stic khang cit ctia hén hop cat — cao su 20 %.
4. Két luan

Bai bdo da trinh bay két qua nghién citu thyc nghiém bing
thiét bi 3 truc déng dé x4c dinh cac tham s dong ctia hdn hop cat —
cao su véi ty 1é khac nhau (0 +50 %). Két qua nghién ctiu cho thy
tham sb dong khong nhitng phu thudc vao ham lugng hat cao su ma

con phu thude vao 4p e ban dau trong mau (4p lyc budng) va mitc
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Hinh 19. Quan hé Luc cit — Chuyén vi ngang mau cét — su 20 %.
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Hinh 21. Stic khang cit cia cat.
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Hinh 23. Stic khang cit ctia hdn hop cét — cao su 40 %.
d6 bién dang cit. Mic dit s6 Ivong miu thit khéng nhidu nhung tac
gia ciing manh dan d xut st dung miu cat cao su ty 1& 20 % dé lam
vat liéu dép nén, ciing nhv 16p dém nhén tao cho céc céng trinh chiu
tai trong déng. CAp phdi nay dam bao ty sb can ludn 16n hon ty sb
can clia vat liéu cat & moi cAp d6 bién dang trwot khac nhau. Mt

khéc cip phdi nay ciing dam bao mé dun trugt déng khéng bi suy
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.2 2 X 240 2 N 2 A 2 < ) 2 ~
giam qué nhi€u so v&i cat, va cac tham so khang cat ctia n6 ciing

tiwong dbi cao.

Tai liéu tham khao

[1].

[2].

[3].

[4].

[5].

[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

Ahmed, L., & Lovell, C. W. (1993). Rubber soils as lightweight geomaterials.
Transportation research record, (1422).

Eleazer, W. E., & Barlaz, M. A. (1992, September). Technologies for
utilization of waste tires in asphalt pavement. In Utilization of Waste
Materials in Civil Engineering Construction (pp. 193-201). ASCE.
Humphrey, D. N., Sandford, T. C., Cribbs, M. M., & Manion, W. P.
(1993). Shear strength and compressibility of tire chips for use as retaining
wall backfill. Transportation research record, (1422).

Liang, R. Y., & Lee, S. (1996). Short-term and long-term aging behavior of
rubber modified asphalt paving mixture. Transportation research record,
1530(1), 11-17.

Lee, J. H., Salgado, R., Bernal, A., & Lovell, C. W. (1999). Shredded tires
and rubber-sand as lightweight backfill. Journal of geotechnical and
geoenvironmental engineering, 125(2), 132-141.

Liu, L., Cai, G., & Liu, S. (2018). Compression properties and micro-
mechanisms of rubber-sand particle mixtures considering grain breakage.
Construction and Building Materials, 187, 1061-1072.

Madhusudhan, B. R., Boominathan, A., & Banerjee, S. (2017). Static and
large-strain dynamic properties of sand—rubber tire shred mixtures. Journal
of Materials in Civil Engineering, 29(10), 04017165.

Okur, D. V., & Umu, S. U. (2018). Dynamic properties of clean sand
modified with granulated rubber. Advances in Civil Engineering, 2018.
Pistolas, G. A., Anastasiadis, A., & Pitilakis, K. (2015). Dynamic properties
of gravel-recycled rubber mixtures: resonant column and cyclic triaxial tests.
In Proceedings of the XVI ECSMGE 2015, Edinburgh, UK, 13-17; pp.
2613-2618.

Sarajpoor, S., Kavand, A., Zogh, P., & Ghalandarzadeh, A. (2020).
Dynamic behavior of sand-rubber mixtures based on hollow cylinder tests.
Construction and Building Materials, 251, 118948.

Senetakis, K., Anastasiadis, A., & Pitilakis, K. (2012). Dynamic properties
of dry sand/rubber (SRM) and gravel/rubber (GRM) mixtures in a wide
range of shearing strain amplitudes. Soil Dynamics and Earthquake
Engineering, 33(1), 38-53.

ASTM D3999. Standard Test Methods for the Determination of the Modulus
and Damping Properties of Soils Using the Cyclic Triaxial Apparatus.

TCVN 4199:1995 “Pit xay dung - Phiong phap xac dinh sitc chéng cit
trong phong thi nghiém & méy cét phing”.

JOMC

12



