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NGHIEN CUU UNG XU CUA KET CAU CHONG GIU KHO CHUA KHi NGAM
LPG CUA HSVC TAI CAI MEP, VONG TAU BANG PHUONG PHAP SO

Vii Tién Diing ', Ping Vin Kién>", Joséphine DONNARD®
'Nghién cieu sinh nganh Ky thudt Xay dung Céng trinh ngam, Truwong Pai hoc Mo - Dia chat
2 Truong Pai hoc Mo - Pia chat; T ruong Pai hoc Polytech Grenoble, Cong hoa Phap
*Tac gia chiu trach nhiém: kienxdn@gmail.com

Toém tit

Van dé dia ky thudt trong xay dung cong trinh ngam ludn rat phirc tap, dan dén kho c6 thé du
bao chinh x4c diéu kién dia chit trong cac khu vie duong ham di qua do nhiing han ché cua cac
phuong phap khao sat cling nhu sy ton tai cdc mat phan cach, su khong dong nhat cua khéi da.
Phuong phap phan tich sé da dugc dua vio tmg dung trong bai toan dia ky thuat va gép phan phan
tich ddc diém bién dang déo va tinh phi tuyén cua cac quan hé ung suat bién dang cua khdi da xung
quanh. Bai bao thé hién két qua mé hinh s6 tai kho chira khi ngdm Cai Mép, Viing Tau. Can cr vao
ho so thiét ké ky thuat do chu dau tu cung cap, cac diéu kién dau vao ctia md hinh thiét ke két qua
tinh toan bang phan mém RockSciene-RS2-Phase2 (mé hinh 2D) da chi ra tmg xir ciia két cau chong
kho chtra khi ngim tai dy 4n kho chtra khi ngdm LPG ctua HSVC tai Cai Mép. Két qua nghién ctru s&
13 tai liéu tham khao bd ich cho cac dy an tuong lai trong diéu kién twong tu.

Tir khéa: kho chira khi ngam,; iing xir co hoc; két cau chong; chuyén vi; phirong phdp sé, Céai Mép.

1. Tong quan vé kho chira khi ngim

Hién nay, trong b01 canh khung hoang nang lugng toan cau do chién tranh nén an ninh ning
luong ddt ra mot yéu cau quan trong vé luu trit ngudn cung cdp nang luong nham dap tmg cho
cac nganh cong nghiép va dich vu. So v6i cac kho lanh 19 thién twong duong, viée sir dung, xay
dung cac kho lanh ngam nhiéu cong dung c6 nhirng uu diém n01 bat sau day: cho phep lam giam
dang ké chi phi 1am lanh do nhiét 46, d6 am trong kho lanh ngdm gan nhu khong thay d6i; khong
ton tai hién twong mat mat ning lwong lam lanh nhu trong cac kho lanh 1§ thién (Cong ty Hoa
chat Hyosung VINA, Béo céo thiét ké k¥ thuat kho chira ngam Cai Mép, 2019). So v6i cac nha
méy 10 thién tvong duong, phuong an xay dung cac nha may ngdm c6 nhiing wu diém sau day:
cho phép giam cac chi phi sir dung thuong xuyén dé stra chita mai che, chi phi son, kinh va chi
phi bao vé&; dam bao kha ning chdng chay tdt; co kha nang nguy trang t6t cho nha may; c6 kha
ning chng lai hién twong xdm nhap cua cac chat doc, chat phong xa hat nhan tir phia ngoai vao
cong trinh ngam.

Hién nay c6 thé tan dung cac duong ham, him tram trong cac mo khai thac ham 10 chuan bj
dong ctra dé 1am kho chira ngém Ngoai ra, kho chura ngam €0 thé xay dung hoan toan méi dudi
dang cac cong trinh ngam, ham tram bang phuong phap ngam Cac kho chira ngdm ciing c6 the
duoc xdy dung bang phuong phap héa 1y (vi du nhu bang phuong phap hoa tan cac via mudi
bang nudc ngot). Bang 1 gidi thiéu cac chi tiéu kinh te ky thuat xay dung céc kho chira 19 thién
va cac kho chtra ngam xay dung bang phuong phap ngam thong thudng va phuong phap hoa tan
cac via mudi. S liéu trong Bang 1 cho thay: phuong phap xay dung kho chira ngam bang giai
phap hoa tan cac via mudi c¢6 cac chi tiéu kinh té ky thuat cao nhat.

Bang 1. So sdnh gid thanh xdy dung quy déi cho kho chita (Vé Trong Himg, 2013).

Gia thanh xdy dung Chi phi Chi phi lao
Chiung loai kho chira quy dbi cho kho thép, kg/m® | dong cho 1,0 m’,
chira, % nguwoi - gio
Kho chira thép xdy dung bang phuwong phép 16 thién 100,0 317,5 9,0
Xay dung bang phuong phap théng thudng 22,5 7,1 2,7
Xay dung bang phuong phap hoa tan via mudi 3,8 4,8 0,8
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a. Cac phwong phdp chira khi ngam. b. Phéi canh kho chira PLG dudi long dat
Kurashiki (Park, E.-S., at el. 2013).

¢. Kho chira ngam cé thé dwoc bo tri trong d. Phuong phdp hoa tan via mudi.
cdc dwong ham, dwong lo tai cac mo khai thac
ham lo da dong cura.

Hinh 1. Cdc phiong thirc heu trit khi duwdi long dat.
2. Hinh dang va phwong phap tinh toan kho chira khi ngam
V6i kho chira khi ngdm ham thuong dao v6i mot sb dang tiét dién chu yéu nhu (Hinh 2):
a. Hinh ndm véi mai vom bang bé tong;
b. Hinh méng ngua vé6i tuong thang dung;
c. Hinh elip dugc thiét ké t6i uvu dé phan bd tmg suit trong khdi da bao quanh né;
d. Hinh vOom tudng xién;
Hinh dang tiét dién c6 anh hudng 16n toi do 6n dinh cta kho chtra ngdm dao trong da rin

cing nhu da granite. Do véy viéc lya chon hinh dang phu hop cho phep nang cao d6 6n dinh cua
kho ngam. Thuc té cac tiét dién hinh elip ding dugc sit dung nhiéu cho céac kho chira khi ngam
bb tri trong d4 cimg (V6 Trong Hung, 2013). Viée tinh toan kho chira khi ngam c6 thé tién hanh

theo cac phuong phap:

4] [& '8

Hinh 2. Mt s6 hinh dang ciia kho chira khi ngam.
a) Hinh elip; b) Hinh chit nhdt canh vat; ¢) Hinh vom; d) Hinh tron
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Phwong phdp gid thiét vom dp liec trong moi trudong dét roi rac: véi cac tac gia dién hinh nhu
V. Ritter, M.M.Protodiakonov, Komerell, K.Terzaghi, A.Birbaumer, M.M.Protodiakonov -
Tximbarevich... Pic biét di v6i cac kho chira ngdm va gian may c6 tiét dién 16n, vang phé hay
hinh thanh xung quanh céng trinh ngam rat 16n dan dén viéc tinh toan két cdu chong khong con
phu hop. Cac giai thuyét hay st dung cho trudng hop ham tiét dién 16n gdm tinh toan ap luc 1én
noéc him theo Moxtkop, tuy nhién gia thuyét khéng phan anh day di dnh huéng cia qud trinh
dao chia girong khi thi cong kho chira khi ngam.

Phurong phép phén logi da: & xac dinh ap luc da (con goi 1a phwong phap dua trén danh gia
s6 luong céc chi tiéu cta da) voi cac tac gia dién hinh Deere, Lauffer, Bieniawski, Barton,... cac
hé théng phan loai sir dung nhu RQD, RMR, Q...Uu diém ctia nhém phuong phéap nay 1a két qua
tuong d6i chinh xac hon; str dung k¥ thuat danh gia két qua hién dai. Bén canh d6 van ton tai
nhuoc diém phai do tryc tiép trén hién truong do nhiing k¥ su dia chat hién truong c¢6 kinh
nghi¢m. Véi hé¢ cac kho chura ngﬁm thong thuong st dung hé thong phan loai khéi da Q cua
Barton, Lien va Lunde, RMR..

Phwong phdp sé d3 duge sir dung kha phd bién trong viéc mé phong anh su 6n dinh cua kho
chtra ngam trén thé giéi do nhiing uu diém vuot troi cho phép tinh toan cac kho chira ngam c6
hinh dang khac nhau. Tai Viét Nam, do kho chita ngam 14 cong trinh cip déc biét va con méi mé
do chua dugc str dung nhiéu. Gan déy, cac tac gia (Ping Vin Kién, V3 Trong Hung, 2020; Dang
Van Kien, Do Ngoc Anh, Do Ngoc Thai, 2022) di c6 nhimg nghién ctru dau tién vé cong trinh
nay dua trén viéc mo phong sé danh gia on dinh cua kho chira khi ngam va hé thong giéng dimg
tai dy an Kho ngam chita LPG ctua HSVC tai Cai Mép bang phuong phap s théng qua viéc sir
dung phan mém Rock Sciene-RS2-Phase 2. (Pang Vian Kién, 2020; Dang Van Kien, 2022). Tuy
nhién, cac nghién ciru dén nay méi chi dimg lai & giai doan thi cong kho chira, chua ké dén anh
hudng cua cac yéu té khac trong thoi gian st dung kho chira nhu ap luc khi bén trong. ..

3. Ung dung phwong phép sé6 mé phong ing xir két cdu chong kho chira khi ngdm LPG caa
HSVC tai Cai Mép

Du an Kho ngﬁm chtta LPG cua HSVC tai Cai Mép, tinh Ba Ria - Viing Tau, Viét Nam la
du 4n Kho chtra khi ngdm 16n nhat Pong Nam A va 1a du an Kho chta khi ngdm dau tién tai
Viét Nam thuéc Nhom A (theo khoan 2, Piéu 8, Luat Pau tu cong sd 49/2014/QH13 ngay
18/06/2014), cap cong trinh dic biét do Cong ty TNHH Hoa chat Hyosung Vina lam chu dau tu,
do Coéng ty Consultant for Technical Design Document: HDEC - HSHI JV KOREA cta Han
Qudc thiét ké va Cong ty cd phan Thiét ké Cong nghiép Hoa chét 1a don vi tu vin tham tra.

Kho chira khi ngdm LPG Cai Mép, tinh Ba Ria - Viing Tau gom hai kho ngdm chtra khi déu
c6 tiét dién ngang hinh elip dung theo thiét ké. Trong d6, diém siu nhat ciia kho ngam chtra khi
propnane nam & d¢ sau tir -150 m téi -172 m, day siu nhat ciia kho 1 -192 m so véi muc nude
bién. Kho nay c6 sirc chira 170.000 tan véi 4 khoang chura, chiéu rong mdi khoang 1 17 m, chiéu
cao 22 m (Cong ty Hoa chat Hyosung VINA, Bao céo thiét ké ki thuat kho chtra ngdm Cai Mép,
2019).

Kho chira khi ngdm butane ndm & do sau tir -110 m dén -132 m, véi diém sau nhat 1a -152 m
so véi muc nude bién. Kho nay cé sirc chtra 70.000 tin véi 2 khoang. Tong chiéu dai him cia
kho chtra gén 4,8km, v&i kich ¢& va stre chira trén, kho chira khi ngém LPG tai Ba Ria - Viing
Tau duoc coi 1 16n nhat Pong Nam A ¢6 dang nhu hinh 3 véi tiét dién mat cit ngang khu chia
khi nhu hinh 4.
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Hinh 3. So' do bé tri cdc kho chira ngam véi 2 logi propnage va butane.

3.1. Dc diém ciia khéi dd xung quanh duwong ham

Theo két qua khao sat, khdi da xung quanh dudng him dugc thé hién trén Bang 1. Céc kho
chtra ngdm dugc dat hoan toan trong da ran cimg loai I theo phan loai khdi da Q ctia Barton nhu
hinh 5 va Bang 1, Bang 2 (Cong ty Hoa chat Hyosung VINA, Béo cdo thiét ké k¥ thuat kho chura
ngam Cai Mép, 2019) Theo d6 phan phia trén dudng ham dao trong sét pha, cat, toan bo kho
ngam dit trong 16p da gdc voi dic tinh nhu Bang 3. Trén co sé d6 két cau gia ¢d cac kho ngam
duoc thé hién trén Bang 4 twong (mg. Kha ning mang tai ctia bé tong phun (thé hién qua tng
sudt nén va kéo cho phép) va kha ning chiu kéo cua thanh neo theo két qua thi nghiém hién

truong thé hién trong Bang 5.
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Hinh 4. Hinh dang va kich thudc ciia kho ngam tai dw én LPG Cdi Mép.
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Hinh 5. Phdn bé cdc loai dé xung quanh cdc kho chira ngam va hé thong cong trinh ngam ciia dir dn.
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* Gradell

* Grede V'
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Do viy cac van dé thuc té dd duoc phan tich thanh cong ngoai nhiing truong hop don gian, lya
chon duoc cac thiét ké hop 1y. Chung 61 s dung phuong phap phan tir hitu han thong qua phan
mém Rock Sciene-RS2- Phase 2 dé nghién ctru trang thai ing suat bién dang va danh gia mirc 6 6n
dinh cua cac kho chira ngam LPG cuia HSVC tai Ving Tau nam ¢ do sau 152 m. Dé nghién ciru anh
bang phwong phap sd, phuong phap thi cong du kién 1a str dung khoan nd min véi bién phap dao
chia guong thanh 3 béc nhim dam bao tam hoat dong cta thiét bi khoan (Boomer 352, chiéu cao
khoan t6i da 8 m) voi chiéu cao tuong ung la: bac 1, H=8,0 m; bac 2, H=7,0 m; bac 3, H=7,0 m.
Theo d6, qué trinh m6 phdng ciing s€ chia lam 3 giai doan (step) tuong Ung.

Bang 1. Bdc tinh dat va da (Cong ty Ho'a‘cha”’t Hyosung VINA, Bdo cdo thiét ké ky thudt kho
chira ngam Cai Mép, 2019)

Loai |Trong luong, kN/m’| Luc dinh két, kPa | Goc mat trong, d¢ | Modun bién dang, MPa| H¢ s6 Poisson
Loai I 26,6 9000 54,8 41000 0,25
Loai II 26,5 7100 52,6 31300 0,25
Loai III 26,4 5100 49,4 16100 0,25
Loai IV 26,1 3700 445 8300 0,25
Loai V 25,6 2500 40,6 4400 0,26

Bang 2. Phwong phap phan lloai’khé'i dd theo chi s6 Q (Cong ty Hoa chat Hyosung VINA,
Bdo cao thiét ke ky thudt kho chira ngam Cai Mép, 2019)

Cip d4 I 11 111 vV \
Q Q>40 40>Q>10 10>Q>4 4>Q>1 1>Q>0,1
Chét luong da Rt t6t Tét Trung binh Yéu Rét yéu
Bdng 3. Pdc tinh ciia cdc loai dit da xung quang kho chita ngam
Loai | Trong lugng | Tronglugng | Luc Goc Modun | Héso |Gocdan| Héso,
da thé tich thé tich bdo |dinh két, ma bién dang,| Poisson no, do Ky
khong bao hoa, kN/m’ kPa sat trong, MPa
hoa, kN/m’ do
Sét 16 18 1 25 15 0,2 0 0,577
Cat 17 20 1,6 33,5 30 0,2 4 0,448
Pa gbe 26,6 26,6 7100 52,6 31300 0,25 8,5 0,234
Bdng 4. Két cdu gia cé cdc kho chira ngam
A . £ & Z I II 1 v \%
Phan loai Keét cau chong [>40] [40~10] [10~4] [4~1] [1~0.1]
Bé tong phun, cm Day 5,0 5,0 6,0 12,0 20,0
Kho chira .
ngim Khoang cach |Neo diém |1 neo/5,0 m* |1 neo /4,0 m* | 1 neo/2,0 m*> | 1 neo/1,0 m
Neo
17x22m Dai 485m

Bang 5. Kha nang mang tai cua hé thé'ng két cdu chong kho pgcim (Céng ty Héa chit Hyosung
VINA, Bao cao thiét ké ky thuat kho chira ngam Cai Mép, 2019).

Ung sudt cho phép cua bé tong phun Luc kéo cho phép

cua neo [kN]

Loai hAm Ghi cha

Ung sudt nén [MPa] Ung sudt kéo [MPa]

Kho chira ngam 10.40 4.50 166

3.2. Nghién ciru d§ on dinh cia kho chita ngim bing phwong phdp sé cho kho chita
ngam don

Trén co so cac dit liéu ddu vao va bién phap thi cong du kién kho chira ngdm, céc giai doan
tién hanh mo phong sy on dinh cta kho chtra ngim theo 3 giai doan nhu hinh 6. Qua trinh md
phong sir dung phan mém Rock Sciene-RS2-Phase 2 voi cac thong sé dau vao nhu Bang 5. Qua
trinh mo phong dugc thé hién trén cac hinh hinh 7, hinh 8 va hinh 9.
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a - Giai doan 1 - dao bdc trén; b - Giai doan 2 - dao bdc dwoi 1; ¢ - Giai doan 2 - dao bdc dwoi 2
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Hinh 7. M6 phong diéu kién bién va cdc giai doan dao bdc trén kho ngam: a - Xay dwng diéu kién bién,
trueong ing sudt ban dau; b - Gidm modun ciia khéi dé trong hang dé chii ¥ dén bién dang xung quanh
bién ham chira sau khi dao va ldp dung két cau chong bdc 1; ¢ - Cong tac khai dao, lap dung két cdu
chong bdc trén.

Mesh  Lending  Displacernents  Support  Groundwster  Statistics 2= Mesh Loading Displacements Support  Grounchester  Stetistics
Beo- M Y® EBE QS 8 5w G EBE 6t
R-¥-mlev swE s N-Bs C-woma AW e N
Oo|w-laedqali] - loo|m-lazdalkl -

Hinh 8. M6 phong cac giai doan dao bac 1: a - Budc 4, b - Budc 5.
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Hinh 9. Cac giai doan dao bdc 2: a - Step 6; b - Step 7.

Két qua mo phong do on dinh cua guong ham theo cac bude dao duoc thé hién trén cac hinh
hinh 10, hinh 11. Viéc so sanh két qua gia tri tng suét, chuyén vi trén bién ham theo gid tri cho
phép duoc thé hién trén Bang 6, Bang 7. Két qua thé hién gia tri dich chuyén khoi d4 xung quanh
bién ham va gia tri mg suét lon nhit trong vo chong bé tong phun va luc doc 16n nhét xuat hién
trong thanh neo gia ¢ kho ngam cta dy an. Bang cach so sanh gia tri dich chuyén khdi da xung
quanh bién ham va gia tri img suét lon nhit trong vo chéng bé tong phun va luc doc 16n nhat
xuét hién trong thanh neo gia c¢6 kho ngam & cac bang cho thiy, cac gia tri thu dugc nho hon gia
tri cho phép theo thi nghiém hién truong nén kho ngdm 6n dinh.

Vertical

Displacement

n
-7.00e-003
-6.652-003
-6.30e-003
-5.952-003
-5.602-003
-5.25e-003
-4.90e-003
-4.55e-003
-4.20e-003
-3.852-003
-3.502-003
-3.15e-003
-2.80e-003
~2.45e-003
-2.102-003
-1.75e-003
-1.402-003
-1.05e-003
~7.00e-004
~3.50e-004

0.00e+000

Horizontal
Displacemsnt
m
-7.00=-004
-6.252-004
) -5.50=-004
| -4.752-004
-4.00=-004
' ’ -3.25e-004
ey o ] -2.50e-004
-1.75e-004
-1.00e-004
-2.50e-005
5.002-005
1.252-004
2.002-004
2.752-004
3.502-004
4.25e-004
5.00e-004
5.75e-004
€.50e-004
7.25e-004
£.008-004

Hinh 10. Gid tri dich chuyén khoi dd xung quanh bién ham
a- Dich chuyén thang dvung, b- Dich chuyén nam ngang.

{00 00e]
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Hinhll. Két qua tinh todn d bén ciia bé téng phun va neo dé: a - Ung sudt I6n nhat va nhé nhdt
trong lop vo bé tong phun; b - Luc doc truc [on nhat va nho nhat trong neo da.

Bdng 6. Gid tri chuyén vi lon nhdt cia ddt dd xung quanh bién ham

Dich chuyén 16n nhét tai bién him

Kho chtra Chuyén vi ngang, mm Chuyén vi dimg, mm Ghi chi
e 0,7 5,05 Pu bén

Badng 7. Ung sudt trong vo chéong bé tong phun va liwc doc ciia thanh neo

Bé tong phun Luc doc 16n nhét Ghi chi
Kho | Ung suitnén 16n nhat, MPa | Ung suit kéo 16n nhéat, MPa cua neo, kN
chira .
ngam 3,84 [10,40]* 2,23 [4,50]* 28,3 [166]* bu bén

Trong d6: * - Gia tri cho phép theo Bang 5.
4. Két qua va thao luin
Nhiing két qua nghién ctru trén ddy cho phép rat ra mot s két luan sau day:

- An ninh ning luong toan cau trong thoi gian qua dit ra di dit yéu cau quan trong vé luu trit
ngudn cung cip ning luong nham dap tng cho cic nganh coéng nghiép va dich vu. Do vay, sd
lugng cac kho chira khi ngdm trong da cimg tai Viét Nam s€ tang 1én doi hoi nhitng nghién ctru
vé loai hinh céng trinh nay nhiéu hon.

- Viéc tinh toén, thiét ké va thi cong cac kho chira khi ngdm - mot loai cong trinh ngam tiét
dién 16m, cap dic biét theo TCVN thudng phtc tap do anh hudng cua nhiéu yéu té, dic biét 1a
trang thai img suat kh6i da trong qua trinh dio chia guong. Ngoai ra, véi cac kho chira khi ngam,
két cau chdng giit c6 trang thai chiu luc khac nhau trong giai doan thi cong, va giai doan
su dung.

- Phuong phap sb 1a cong cu hitu hi€u hién nay cho phép mé phong day du cac budc dao
cling nhu Gmg xtr ciia khdi dat da xung quanh kho chira khi ngdm véi hinh dang phtc tap thuong
khong phai 1a hinh tron.

- Bing viéc st dung phuong phap phan tir hitu han théng qua phdn mém ban quyén Rock
Sciene-RS2-Phase 2 tai Khoa Xay dung, Truong Pai hoc Mo - Dia chit hoan toan cho phép md
phong dy du qua trinh thay doi tmg suét, bién dang trén bién khi khai dao kho chtra ngam ctia
du an ngam chira khi tai Cai Mép, Viing Tau ctia Cong ty Hoa chat Hyosung VINA.
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- Két qua cho thdy khi kho chira ngdm duogc bé tri trong 16p da gbc & do sau 100 m, v6i hé
thong két cau chong tam liy theo phuong phap phén loai khdi d4 cua Barton et al. in 1974, hé
thong phan loai Q, cac gia tri ing suét va chuyén vi trén bién theo két qua mo phong & trén déu
nam trong gidi han cho phép, do vy bién kho chtra 6n dinh trong giai doan thi cong.

- Can c6 nhitng nghién ctru nhiéu hon vé phuong phap tinh toan thiét ké ciing nhu cac giai
phép thi cong ve loai hinh cong trinh ngam dac biét nay tai Viét Nam lam co s¢ xay dung cac b
ti€u chuan, quy pham trong giai doan tdi tai Vi¢t Nam.
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Research on the mechanical behavior of the rock support of
LNG storage in Cai Mep, Vung Tau by numerical method

Vu Tien Dung ', Dang Van Kien”*, Joséphine DONNARD®
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Abstract

Geotechnical problems such as tunnel are complicated to the extent that it cannot be
expected in other areas since non-uniformities of discontinuous area and pores that exist in
materials and various properties of the components. The numerical analysis method has been
introduced to geotechnical engineering and has contributed to analysis of plastic (yielding)
conditions and non-linearity of stress strain relations of the ground. The paper presente the
numerical simulation result at caverns of CaiMep project in Vung tau. Based on the technical
design documents provided by the investor, the intput conditions of the design model, the
calculation results by RockSciene-RS2-Phase2 software (2D model) presented the mechanical
behavior of the rock support of LPG Storage. The research results will be useful references for
future projects under similar conditions.

Keywords: LPG Storage caverns, mechanical behavior, rock support, displacement, numerical
simulation, Cai Mep.
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