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Tém tit
Trong nhung nam tré 1a1 déy viéc nghién ciru tai sir dung phé thai dé lam vét lidu xay dung dang ngay cang
pho bién vi tinh kinh té va kha ning giam 6 nhidm méi truong. Cao su véi kha nang glam chan dong nén khi
két hop véi vat ligu dap thong thuong s& tao thanh hdn hop 1y tuong dé 1am nén giam chan dong cho cong trinh
khi c6 dong dat. Bai bao nay s& xay dung mo hinh s6 phan tir hitu han (PTHH) dé khao sét cho cong trinh nha
BTCT 4 tang (cao 12 m) va 1 ting hdm sdu 2 m véi bén trudong hop: nén cat thong thuong va nén cat c6 25%,
50%, 75% thé tich 1a cao su. Kha nang glam chan dong cho cong trinh kh1 c6 dong dat s& dugc dua ra sau khi
so sanh noi luc, chuyén vi, gia toc clia mot s diém trén két cAu va trong nén cia mé hinh khao sat. Ket qua cho
thiy ham luong cao su trong nén cang cao thi kha nang giam chan cang 16n. Sy suy giam vé van tdc, gia toc
trén ket cau la ro rét; con su suy glam vé van tdc, gia tdc tai nén dat thi chua thyc sy 16 rang. DAi voi ndi luc
clia ciu kién thi suy giam cua Iyc cit s& 16n hon suy giam ciia md men.

Tur khoa: giam chin; dong dét; cao su hat; cao su phé thai; cat cao su.

RESEARCH ON THE APPLICATIONS OF SAND RUBBER MIXTURES IN SEISMIC SHOCK ABSORBERS
OF FOR BUILDINGS DURING EARTHQUAKES

Abstract

In recent years, converting waste into construction material is becoming popular because of its economy and
ability to reduce environmental pollution. Rubber has the ability to reduce vibrations, thus the rubber/sand
mixtures are very suitable to make backfill materials for buildings that are subjected to seismic load. This paper
will create a finite element model for a building consisting of 4 floors and a basement with many cases of backfill
materials: ordinary sand and sand with 25%, 50%, 75% volume of rubber. The vibration reduction ability of
sand-rubber mixtures of backfill materials for buildings during an earthquake will be evaluated after comparing
internal forces, displacements, and accelerations of some points on the structure and in the ground of these
models. The results show that the higher the rubber content, the greater the damping ability. The reduction in
velocity and acceleration on the structure is obvious; but the reduction in velocity and acceleration at the ground
is not really clear. For the internal forces, the reduction of the shear force will be larger than the reduction of
the moment.

Keywords: damped; earthquake; granulated rubber; waste tire; sand-rubber mixtures.
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1. Gioi thiéu
Sy gia ting nhanh chong sé lwong 16p xe phé liéu mdi nam trén toan thé giéi dang 1a mot van dé

16n duoc quan tdm cua nhiéu quéc gia. Hién nay, hang triéu 16p xe phé liéu dugc dua dén bai tap két,
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bai chon lap, virt ngoai méi trudng hodc tiéu hity bang cach dbt. Nhimg hanh dong nay lam day 1én
mot mdi quan tim 16n vé an toan d6i voi moi trudng séng va strc khoe con ngudi. Mic du di co nhfrng
nghién ciru, giai phap tai ché 16p xe phé liéu dugc thyuc hién, nhung duong nhu 1a khong du dé glam
1uong chat thai nay Do d6, viéc nghién ciru tai st dung 16p xe phé liéu da tro thanh mot muc tiéu cip
thiét quan trong dé giam tac dong cua ching dén moéi truong, ciing nhu sirc khoe cong dong.

Theo khao sat cia nha may Sagama Viét Nam, mdi nim nudc ta thai ra khoang 400.000 tan cao
su phé lidu (twong duong véi 30.000 tin/thang). Trong d6 khoang 10% 16p phé thai dugc tai ché hodc
tai sir dung boi cac cach phd thong tho so, 40% ddt bo dé lay nang lugng trong cac hoat dong tiéu
thii cong nghiép (hoat dong nay khong duoc kiém soat va xtr Iy khi thai, cong nhan van hanh trong
diéu kién 6 nhiém), khoang 50% con lai dugc thai bd ra moi truong hoac vao bai chén lép (sé luong
nay s& mat rat lau dé phan huy vao dat). Vi thé yéu cau cap bach hién nay 1a cin phai c¢6 thém nhiéu
nghién ciru vé tan dung ngudn phé thai nay. Va y tuong st dung 16p xe phé lidu tai ché lam vat liu
san nén, Vat lidu dép trong xay dung la mot g1a1 phap mang tinh kinh té cao va gop phan 1am xanh méi
truong song (theo nghia thu gom, khong dé vit bira bai va khong phai dt anh hudng tdi moi truong
khong khi).

Dé str dung 16p xe phé lidu trong cac tmg dung cong trinh xay dung, nguoi ta c6 thé dé nguyén
chiéc hoic cét chung thanh nhiéu kich thude khac nhau tiy thudce vao muyc dich st dung. Theo ASTM
(D6270 - 98), cac kich thudc hat dugc phan loai thanh bay loai: cao su bdt, cao su xay, cao su hat,
dam 16p, vun 16p, cbt liéu c6 ngudn gdc tir 16p (TDA) va vun tho. Tai st dung 16p xe phé liéu trong
céc ung dung cong trinh x4y dung lam vat liéu da bt dau duoc chu trong nghién ciru do pham vi sir
dung linh hoat ctia n6. Mot ) nghién ctru ndi bat nhu: nghién ctru cao su phé thai dé sir dung lam vat
liéu mat duong [1-3]; nghién ctru cao su phé thai lam vat liéu dép cho nén duong cao tdc, gia cd dat
— tudng chin [4-7]. Cac nghién ctru trén cho thiy viéc tai sir dung sam 16p xe phé thai phuc vu cho
cong tac xay dung 1a phuong phap than thién v6i méi trudng, c6 thé sir dung dai tra va kha nang tiét
kiém chi phi cao.

Cao su véi kha ning giam chan dong nén khi két hop véi vat lidu dip thong thuong s& tao thanh
hén hop 1y twong dé 1am nén giam chén dong cho cong trinh khi c6 dong dat. Vi vay hdn hop cét - cao
su ¢ thé néi 1a rat phu hop dé dap hay 1am nén giam chén cho cac cong trinh chiu tai trong dong dat.
Trén co s& gia tri hé s6 can cta vat liéu cat, cat - cao su thu dugc tir thi nghiém cot cong hudng ctia
tac gia [8], bai bao ndy s& xdy dung mé hinh sb phan tir hiru han (PTHH) dé khao sat cho cong trinh
nha BTCT 4 tang (cao 12 m) va 1 ting ham sau 2 m vé&i bon truong hop: nén cat théng thudng va nén
cat ¢ 25%, 50%, 75% thé tich 1a cao su. Kha ning giam chan dong cho cong trinh khi c6 dong dat
s€ duoc dua ra sau khi so sanh noi luc, chuyén vi, gia tdc ctia mot s6 diém trén két cau va trong nén
ctiia mo hinh khao sat. Két qua cho thay ham lugng cao su trong nén cang cao thi kha ning giam chan
cang lon. Su suy giam vé van tbc, gia tdc trén két cAu 13 16 rét; con su suy giam vé van tdc, gia tdc tai
nén dat thi chua thyc sy rd rang. Dbi voi ndi luc cta cu kién thi suy giam cua luc cat s& 1on hon suy
giam cua mo men.

2. Thi nghiém c§t cong huéng xac dinh cac dic trung dong ciia hon hep cat — cao su [8]

Mo dun trugt G va hé s6 can Dsé dugc xac dinh bang gia tai xoan chu ky ¢ dinh mau vai bién 4o
vira va nho trén thiét bi thi nghiém cot cong huong (Hinh 1). May sé ty dong thay doi tan s tir thap
dén cao dé xac dinh dugc tan sb cong huong tmg vi mdi d6 16n luc kich thich duoc dat trude (Hinh
2). Theo tiéu chuan ASTM D4015 — 07, md dun trugt G va hé sb can D s& duoc xac dinh theo cong
thirc sau:

G =pVs ()
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M6 men xodn

Miu dar

}‘\._ b M)l'l aay ch

Hinh 1. So db nguyén Iy miu chiu tai trong dong khi thi nghiém cot cong hudng va hinh thyc té trén thiét bi

5= 2L @
_h-hf
D= ®)

trong d6 G 1a M6 dun cét 16n nhét cia vat lidu (kKN/m?); V, 1a tbe d6 song cat (m/s); p 1a khdi lwong
riéng vt liéu (kKN/m?); f; 1a tin sb cong huong (Hz); fi, f> 13 tin sb timg vdi bién dang bang 0.707 cua
bién dang max (Hz); L 1a chi€u cao mau, m ; F = I/Iy; I 1a mdé men quan tinh cta mau dat; I 1a mo
men quan tinh cta bo phan gia tai lap trén mau).
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Hinh 2. Sy thay d6i ciia bién dang theo tan s6
Céc thi nghiém xéac dinh cac tham s6 dong ciia hdn hop cat cao su trong truong hop bién dang

bé s& duoc tién hanh trén thiét bi thi nghiém ct cong hudong (Resonant Column — RC) tai phong thi
nghiém Dia k¥ thuat — Vién k¥ thuét cong trinh dac biét — Hoc vién KTQS (Hinh 3).
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Budn . by v o Pau do chu}-én vi doc Hs Lhung Hu‘_vm déng dién tir vai 8 cudn
ﬂ:a:mgmépki:;zgivahuéng truc d6 chinh xic cao. day dthchﬂnchdangtudi:ﬂ‘xcuamau
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duong kinh ngoai 200mm.

Mau hinh tny dudng kinh tr

38mm dén 30mm,

Khung bén trong de 1ap rap
mé to dign gy ra tai trong
xOAN.

Ba d.t:ulsdmnket néi Vol ma} tinh va
Thiét b thay 48 thé tich 45 nhay Céc dau do dp lyc: dp luc bac gom tat ci diéu khién, cip nzuén,
cao v ﬁu}du LVDT chinh ;u'_q.,} bucmg ap hre mrac 15 runs khi nén. HE ﬂm“g nay cling bao gém b§

va ap hre ngwroe. tuven déng khong. khi v tat cd thiét bi
aplh i khuéch dai can thiet.

Hinh 3. Thiét bi thi nghiém c6t cong huong

Hat cao su thi nghiém duoc cit tir sdm cua xe may nén cac hat c6 kich thude kha déng déu 1 mm
— 3 mm (trong d6 tir 1 mm — 2 mm chiém 36% khdi lugng). Mau thi nghiém s& gdm: mau cat thong
thuong; mau cat — cao su voi ty 1€ 25% thé tich cao su; miu cat — cao su véi ty 1€ 50% thé tich cao su;
mau cat — cao su véi ty 18 75% thé tich cao su va mau cao su (Hinh 4). Két qua thi nghiém vé M6 dun
trugt G va ty sb can D cua hdn hop khi do chat tuong di 90 va ap luc 100 kPa thé hién trén Hinh 5.

(a) Cat —cao su 25% (b) Cét — cao su 50% (c) Cat —cao su 75% (d) Cao su

Hinh 4. Mau thi nghiém
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Hinh 5. M6 dun trugt G va ty s6 can D cta hdn hop khi do chat twong di 90 va ap luc 100 kPa

3. Mo hinh s6 bai toan
3.1. Dat bai toan

Cong trinh khao sat du6i dang BTCT 4 tang va 1 ting ham. Chiéu cao cua nha tinh tir mat dat 1a
12 m (4 x 3 m), chidu sau tAng hdm 2 m (Hinh 6). Hoat tai trén cac san 1a 4 kN/m?. Céac tham sb vét
liéu ctia két cau cong trinh duge tham khao va stra doi tir tai liéu [9], cu thé trinh bay trong Bang 1.

— M‘(‘)Ilg
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Hinh 6. So @6 m6 hinh hoa cong trinh trén nén dat

Bang 1. Tham s0 vét li€u cta két cau va mong

Tham sb Ky hiéu Cot Dam Mong Pon vi
D6 cimg doc truc EA 5%10° 9 x10° 12 x10° kN/m
D6 cimg chéng ubn EI 5000 67,5 x 103 160 x10° kNm?/m
Khdi lwong w 5 10 20 kN/m/m
Hé sb can Rayleigh a 0,2320 0,2320 0,2320
Heé s6 can Rayleigh 8 B 8 x107° 8 x1073 8 x1073

Cong trinh dugc xay dung trén nén dat gdm 2 16p: 16p dudi 13 cat chit nguyén tho, 16p trén 1a
16p dat ton nén. Tuy nhién, dé rat ngan thoi gian tinh todn va tranh sy anh hudng cua ranh gidi giira
cac lop, tai dong dat s€ dugc gan trén bé mat cua 16p dat nguyén thd (day cua 16p ton nén). Bién do
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chuyén vi ban dau Uy startref = 0,5 m, tai dong dét s& duge mo ta 1a sy bién doi cua gia tdc nén theo
phuong x & bién phia dudi mo hinh (Hinh 7).

200 4

aF 1.881g He=0,005s
1.00

Gia toc (g)
=
8

0.00 2J|3EI 4 .&IU 5.60 B EIJ 1 DI.D 1 2|‘l3 1 4I.D 1 EI.D 16.0 EEII,O 220 24‘,0
Thai gian (s)

Hinh 7. Bang gia tbc nén nhén tao

Bén truong hop cho 16p ton nén s& dugc lya chon khao sat dé danh gia kha nang giam chan dong
ctia nén cat — cao su nhur sau:

- Trudng hop 1: Méng dit trén nén cat thong thudng.

- Truong hop 2: Moéng dit trén mot phan nén 1a hdn hop cat chita 25% cao su (theo thé tich).

- Trudng hop 3: Méng dit trén mot phan nén 1a hdn hop cat chira 50% cao su (theo thé tich).

- Trudong hop 4: Mong dit trén mot phan nén 1a hdn hop cat chira 75% cao su (theo thé tich).

Dé don gian trong tinh toan mé hinh nén ¢ day lya chon 1a moé hinh dan hoi. Cac tham s6 thong
thuong dugc ldy theo mot s6 tai liéu cua cac tac gia trude. Riéng tham s can D va md dun trugt G
ctia nén duoc lay theo thi nghiém cot cong hudng cua tac gia [8]. Ty s can ldy gia tri nho nhat trong
két qua thi nghiém va duoc nhdp vao phin mém theo phwong phap can Rayleigh. Cach thirc khai bao
tuong tu tai lidu [10]. Ty s6 can s& dugc dat trong ing v6i tan sé f; = 1 Hz, f>» = 10 Hz tir d6 chuong
trinh sé& ty dong tinh cac gia tri @ va B. Chi tiét cac tham s6 cua nén duoc trinh bay trong Bang 2. Cac
tham b con lai E,4, (M6 dun dan hdi khéng né hong); E' (M6 dun dan héi); V, (van tbe song ngang);
V), (van tdc song doc) sé duoc chwong trinh ty dong tinh toan.

Bang 2. Cac tham so ctia nén

Tham s6 I.q/ Cét Cao su 25%  Cao su 50%  Cao su 75% Pon vi
hiéu theé tich theé tich thé tich ’
Khéi lugng thé tich r 18 16,6 15,6 14,7 kN/m?
Hé $6 poisson v 0,33 0,33 0,33 0,33
Mo dun truot G 90 59 31 18 Mpa
Ty s6 can D 0,6 1,0 2,0 2,6 %

3.2. Xdy dung mé hinh sé

Dung ph::in mém Plaxis 2020 dé m6 hinh s bai toan. M6 hinh sb bai toan duoc thé hién nhu trén
Hinh 8. Dam, ¢t va mong duoc mo ta 1 phan tir tim. Ving khao sat ¢6 chiéu day 10 m, chiéu rong
14 170 m. Piéu kién bién cta bai toan nhu sau: bién trai va bién phai cia md hinh han ché chuyén Vi
theo phuwong X; bién dudi ciia mé hinh han ché theo phuwong ngang X va phuong ding Y; bién trén
1a tur do. Trong phan tich dong dat, bién trai va phai ciia mé hinh s& chon loai bién Free-field (bién co
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kha ning hip thy séng phan xa bé mat), bién dudi s& chon loai Compliant base (12 loai bién chuyén
dung dé gan tai dong dat trong Plaxis — vira truyén tai 1én bién, vira hap thu séng phan xa).

Pé d& dang trong viée so sanh hiéu qua giam tac dong cua dong dat sau khi sir dung dit dép hdn
hop cét cao su, s& ding s6 liéu tai cac diém A, E, I cta cac truong hop dé danh gia. Ludi phan tir cia
mo hinh sau khi chia duge thé hién trén Hinh 8.

Hinh 8. So d6 ludi phan tir

4. Panh gia kha ning giam chin dong ciia cong trinh khi cé6 dong dat

(75% Cao su) ‘

(50% Cao su)

(25% Cao su)

(Cat)

Hinh 9. Chuyén vi cua cong trinh (thoi diém 20 s)

® B P

Cong thirc xac dinh phan trim suy giam, nhu sau:
Xea — X:
D; = [Ct—] - 100% (4)
Cat
trong d6 D; 1a phan tram suy giam (%); i 14 ty 1& cao su trong hdn hop; Xcs 14 gia tri tinh toan d6i véi
nén cat; X; 1a gia tri tinh toan d6i vdi nén hdn hop c6 ty 1 cao su i.
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Hinh 9 thé hién chuyén vi ctia cong trinh tai thoi diém 20 s cua cac trudng hop nén. Cac loai nén
khac nhau s& anh hudng t¢i chu ky dao dong va anh hudng téi bién dang cua cong trinh (& thoi diém
20 s cong trinh trén nén cat bién dang khac hudng véi cac dang nén con lai). Tuong ty nhu vay chuyén
vi ciia cong trinh ma nén c6 ham luong cat cao su cang 16n thi cang mém mai hon (Hinh 10). Bién
d6 dao dong chuyén vi clia cdng trinh véi cac dang nén khéc nhau cling khac nhau. Bién d¢ dao dong
16n nhét 13 nén cat thong thuong, tiép theo 1a nén cat cao su ham luong 25% va bién do dao dong nho
nhat 1a nén cét cao su ham luong 75% (Hinh 10).

Chuyen vj diem A
0050077 —— Node 2929 - 75 Caosu [ |
—— MNode 2929 - 50 Cao su
——— Mode 2929 - 25 Cao su
0.0400 |-| —— Mode 2929 - Cat

o

==k

0300

i )

00200

00100

0.00 0.0500E-3 0.100E-3 0.150E-3 0,200E-3
Time [day]

Hinh 10. Chuyén vi cua diém A

Hinh 11-16 biéu dién biéu dd bao mé men, luc cét tai cac cot gitra, cOt bién trai va cot bié€n phai.
Vi cac loai nén khac nhau quy luat duong bao ciing khac nhau (diéu nay giong véi quy ludt bien

3.33kN m/m
20.34 kN m/m
19.72kN m/m
17.86 kN m/m

=-2

Minimum value =-26.05 kN m/m

Maximum value = 24.47 kN m/m

—

ik

(Cab) (Cao su 25%) (Cao su 50%) (Cao su 75%)

Maximum value = 27.11 kN m/m
Maximum value = 18.68 kN m/m
Minimum value

Minimum value
Maximum value
Minimum value

Hinh 11. Biéu db bao mo men cot giita

13.96 kN/m
24.54 kN/m

-12.20kN/
11.25 kKN/m

Minimum value

Maximum value = 18.40 kN/m

(Cav) * (Cao su 25%) (Cao su 50%) (Cao su 75%)

Maximum value = 20.11 kN/m

Maximum value =27 25 kN/m
Minimum value = -13.85 kN/m

Minimum value
Maximum value
Minimum value

Hinh 12. Biéu dd bao luc cit cot gitra
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dang ctia cong trinh dd néu trén). Tuy nhién khi xét vé gia tri tuyét dbi cia biéu dd bao md men va
biéu d6 bao luc cit thi gia tri tuyét ddi cua mo men va luc cit trong cac cAu kién 16n nhat van trong
truong hop nén cat (chi co 1 gia tri M6 men tai cot bién phai timg v&i nén cat cao su ham luong 25%
12 16n hon nén cat), gia tri d6 s& giam dan khi ham lugng cao su trong nén ting 1én, giam 16n nhat van
1a truong hop nén hdn hop cét cao su 75%.

g E =g E g g g g
E E g § e E
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I oo rilll|lET o I
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Hinh 13. Biéu d6 bao md men cot bién trai
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Hinh 14. Biéu dd bao lyuc cit cot bién tréi
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Hinh 15. Biéu d bao m6 men cot bién phai

Bang 3 thé hién ph::fln tram suy giam gia tri tuyét ddi ctia md men va luc cét tai cic cot va theo cc
loai nén khac nhau. Déi v6i nén hdn hop cao su suy giam ctia md men va lyc cat 10n nhat tai cot gitta.
Suy giam nho nhét tai vi tri cot bién phai. Khi so sanh su suy giam gia trj trung binh cta cac ciu kién
thi suy giam ctia lyc cét s& 1on hon suy giam ciia mo men. Nhung néi chung van theo quy luat: ham
luong cao su trong nén cang cao thi sy suy giam cang 16n.
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Hinh 16. Biéu dd bao luc cit cot bién phai
Béng 3. Phan trim suy giam gia tri m6 men va lyc ct 1on nhét
Vi tri Suy giam md men % (Gi4 tri tuyét doi) Suy giam luc cit % (Gia tri tuyét dbi)
cau kién Caosu75% Caosu50% Caosu25% Caosu75% Caosu50% Cao su25%

Cot gitra 31,10 24,97 9,74 32,48 26,20 9,94
Cot bién trai 11,73 7,50 1,00 12,27 7,88 1,20
Cot bién phai 3,02 2,94 -0,68 3,11 3,68 0,00
Trung binh 15,28 11,80 3,35 15,95 12,59 3,71

Hinh 17-20 thé hién vén tbc va gia toc ciia cac diém E, I trong tit ca cac trudng hop. Tir hinh v&
cho thiy van tdc va gia toc cua diém E khi nén c6 cao su déu bé hon so voi nén cat. Him lugng cao
su cang 16n thi kha ning giam vén tdc va gia toc cang 1on. Sy suy giam vé van tdc, gia toc tai diém
E trén két cau 1a rd rét; tuy nhién, sy suy giam vé van tdc, gia tdc tai diém I trén nén dat thi khong 1o
rang va can phai c6 thém nhiéu nghién ctru hon dé lam séng té van dé nay.

T T 0.110 T T
0420 —4 Van téc diém 1 | eaat i Van téc diém E
—=— Node 2969-Cat : 1 —— Node 2969 -75 % Cao su
o —— Node 2969-25%Caosu | | 00900 —— Node 2969 - 50%Cao su | |
0.0800 r
0.0800 0.67097
0 z,
E. E 0.0600
=0.0600 =0,0500 {
0.0400 - F
0.0400 -
0.0300
& 3 2 E
0.0200 I 4 0'0200_ i
0.0100
0.00 0.00- :
0.00 0.0500E-3 0.100E-3 0.150E-3 0.200E-3 0.00 0.0500E-3 0.100E-3 0.150E-3 0.200E-3
Time [day] Time [day]

Hinh 17. Van téc diém E
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Hinh 18. Van toc diém I
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Hinh 19. Gia toc diém E
T T 210
. A <A " £ - X
; ’ Gia toc diém | Gia toc diém |
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s %ol
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Time [day] Time [day)]

Hinh 20. Gia tdc diém I
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Bang 4 thé hién van tdc, gia toc tuyét d6i 16n nhat va phan trim suy giam. Co thé thdy, trong
tm(‘)rng hop hdn hop nén cao su 75%, van toc tai diém E suy giam 16n nhat 13 16,42%, gia toc suy giam
16n nhat 13 5,43%. Dy la gia tri suy giam 16n nhét trong tat ca cac truong hop khao sat. Trong tru’ong
hop nén 1a hdn hop cat cao su 25%, thi su suy giam vé van tdc 1a 3,66% va suy giam vé gia toc 1a
0,82%. Day ciing la gia tri khong hé nho va ciing c6 y nghia nhat dinh trong viéc giam chén dong cho
cong trinh khi c6 dong dat.

Bang 4. Van tdc, gia toc tuyét d6i 16n nhat va phan trim suy giam

. Piém E Diém I
Loai nén p p p p
Vén toc Suy Gia toc Suy  Véantoc Suy Gia toc Suy
tuyét ddi  giam  tuyétddi  giam  tuyétddi  giam  tuyétddi  giam
I6nnhit vantdc 1énnhit giatdc 1énnhit vantdc 1onnhét gia toc
(m/s) % (m/s?) % (m/s) % (m/s?) %
Cat 0,123 0 1,714 0 0,0983 0 2,015 0
Caosu25% 0,1185 3,66 1,7 0,82 0,101 -2,75 1,93 4,22
Caosus50% 0,1048 14,80 1,622 5,37 0,1043  -6,10 2,06 -2,23
Caosu75% 0,1028 16,42 1,621 5,43 0,101 -2,24 1,943 3,57

5. Két ludn

Trén co s¢ tham khao gia tri hé sb can cua vat liéu cat, cat - cao su tir tai liéu cua tac gia [8] dé xay
dung mé hinh s6 PTHH khéo sat cho cong trinh nha khung 4 tang (cao 12 m) gém 1 ting ham (sau 2
m) v6i nhidu truong hop: nén cat thong thudng va nén cat cd 25%, 50%, 75% thé tich 1a cao su, rut ra
mot sb két luan nhu sau:

- Céc loai nén khac nhau s& anh huéng toi chu ky dao dong va anh hudng t6i bién dang ciia cong
trinh. Bién d6 dao dong chuyén vi ciia cong trinh v6i cac dang nén khac nhau ciing khac nhau. Bién
d6 dao dong 16n nhat 1 nén cat thong thuong, tiép theo 14 nén cat cao su ham lugng 25% va bién do
dao d6ng nho nhét 1 nén cat cao su ham lugng 75%.

- Déi voi nén hdn hop cao su suy giam ctia md men va luc cit 16n nhét tai cot giita. Suy giam nho
nhét tai vi tri cot bién phai. Khi so sanh sy suy giam gié tri trung binh ctia cac ciu kién thi suy giam
ctia lyc cat s& 16n hon suy giam cua md men. Nhung quy luat chung la: ham luong cao su trong nén
cang cao thi sy suy gidm cang lon.

- Ham lugng cao su cang 16n thi kha nang giam van toc Va gia tc ctia cac diém trén cong trinh
cang 16n. Su suy giam Ve van toc gia toc tai diém E trén két cau 1a & rét; con su suy giam vé van toc,
gia toc tai diém I trén nén dat thi chwa thyc sy rd rang. Truong hop hdn hop nén cao su 50%, vén toc
tai diém E trén két cau suy giam 16n nhat 13 14,80%, gia téc suy giam 16n nhat 13 5,37%. Diéu nay
chtng t6 rang hdn hop nén cat cao su co y nghia quan trong trong viéc giam chan dong cho cong trinh
khi c6 dong dat.
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