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NGHIEN CUU SU LAM VIEC CUA PAP PA PO BE TONG BAN MAT
VA PAP BE TONG PA HQC

Pham Nguyén Hoang, Nguyén Quang Phi
Truwong Dai hoc Thuy loi

Tém tat: Bai bdo trinh bay nghién citu mé phong va so sanh sy lam viéc ciia hai logi ddp: dap
dd dé ban mdt bé tong (CFRD) va ddp bé téng da héc, théng qua phan mém SAP2000. Nghién
ciru xay dung hai mé hinh dap co cung kich thuoc hinh hoc (cao 15m, day rong 90m), cung tai
trong thity lyc va diéu kién vt liéu twong dwong. Két qud phdn tich chi ra rang, chuyén vi tai
cdc vi tri quan trong ciia ddp CFRD (dinh va chdn ddp, mat ha luu) déu 16n hon so véi ddp bé
téng dé hoc. Nguyén nhan la do d citng ciia ddp dd hdc I6n hon, gitip cdi thién dé on dinh tong
thé. Bai bdo khang dinh ddp bé tong da hdc c6 kha nang chiu luc tot hon, it bién dang hon trong
diéu kién lam viéc twong dwong, dong thoi thi cong don gian va kinh té hon, déic biét phii hop
V6i viing ¢6 nguon vit liéu da tai ché. Ngodi ra, viéc tmg dung phan mém SAP2000 dwoc danh
gid la cong cu hiéu qua trong phan tich, hé tro thiét ké ky thudt cho cdc logi dap Thity loi.

T khéa: Ddp dd do bé téng ban mdt, Ddp bé tong da hoc, SAP2000.

Summary: This paper presents a numerical study to simulate and compare the structural
behavior of two types of dams.: Concrete Face Rockfill Dam (CFRD) and Concrete Rock Dam,
using SAP2000 software. Two dam models with identical geometric dimensions (15 m in height
and 90m in base width) were developed under the same hydraulic loading and material
conditions. The analysis results show that displacements at critical locations (crest, toe, and
downstream face) of the CFRD are greater than those of the concrete rock dam. This difference
is primarily attributed to the higher stiffness of the concrete rock dam, which enhances the
overall structural stability. The study concludes that the concrete rock dam demonstrates better
load-bearing performance, reduced deformation under similar conditions, and advantages in
terms of simpler construction and lower cost, especially in areas with available local stone
materials. Moreover, the application of SAP2000 is affirmed to be an effective tool for structural
simulation and design support in Hydraulic dam engineering.

Keywords: Concrete Face Rockfill Dam, Concrete Rock Dam, SAP2000.

1. TONG QUAN VE PAP PA PO BE
TONG BAN MAT VA PAP BE TONG
PA HQC

bap hay con goi la dap nudc, 1a loai cong trinh
dugc xdy dyng nham ngin chin dong nudc
mat hoac ngan dong gilr nudc tir cac con song,
con sudi dé khai thac sir dung tai nguyén nudc.
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Ngay thong qua phan bién: 27/02/2026
Ngay duyét dang: 13/3/2026

Pap thuong dugc sir dung dé ting ning lugng
nude ¢6 san nham phuc vu muyc dich thuy dién,
giam luong nudce 1t dang cao do bao 16m, hodc
ting do sau cua nudc trong song dé cai thién
tinh trang giao thong dudng thiy, cho phép xa
lan va tau di lai dé dang hon.

Pap da d6 bé tong ban mat 1a mot loai dap
trong luc duoc xdy dung biang cac 16p dat da
hdn hop dim nén va bé tong ban mit co do sut
thip, hdn hop kho hon bé tong thuong va cod
mac chéng thdm rat cao. Than dap duoc thi
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cong bang co gi¢i nhu may san, may lu rung -
twong tu nhu cong nghé dap dat da. Loai dap
nay két hop uu diém cua bé tong truyén théng
va phuong phap dap dat, giup thi cong nhanh,
tiét kiém chi phi, dac bi¢t phu hop cho cac dap
cao vira va 16n. Bé tong ban mat c6 thanh phan
gdm xi mang, phu gia khoang tro bay (hodc phu
gia khoang khac), c¢dt liéu, nuéc, phu gia hoa
hoc va phu gia chéng thAm. Hon hop duoc dm
chat béng may lu rung ning dé dam bao do dic
chic va lién két tot giita cac 16p, d6 truc tiép
theo timng dai tir dinh dap xudng dudi chan khay
(luu ¥: khong phan dot theo chiéu ngang dép).
Dap c6 két cau don khéi, thuong bé tri cac khbi
bé tong truyén théng tai vi tri chiu luc 16n nhu
mat trugt, dinh tran va khe nhié¢t. Pay 1la mét
giai phap bén vimng, it yéu cau bao tri va da
dugc tng dung rong rai trén thé gi6i ciing nhu
tai Viét Nam.

Dap bé tong da hoc 1a mot dang két cdu thiy
cong thudoc nhém dap trong luc, dugc xay
dung chu yéu tir da hoc - loai da tu nhién co6
kich thudc 16n (thuong tir 15 dén 40 cm) két
hop vo1 vita xi mang hodc bé tong mac trung
binh dén cao c6 d9 chay rét cao (tiy theo chiéu
cao cua dap). Loai dap nay duya vao trong
lugng ban than dé chéng lai luc déy nudc, nén
thuong c6 hinh dang d6 so, day rong va chiéu
cao gi¢i han trong muc vira phai. Vé mit ciu
tao, than dap bé tong da hoc thuong bao gom
cac 16p da hoc duge sap xép thu cong hoic dd
vao khuon, lién két boi 16p vira xi mang cat
hodc bé tong c6 méc tir M20 + M40 (MPa) tuy
theo chiéu cao cua dap. Mat thugong luu cua
dap c6 thé dugc lat bang da phang hodc phu
16p bé tong dé chdéng thim va bao vé chéng
x61 mon. Trong khi d6, mdt ha luu thuong
duogc thiét ké déc hon dé dam bao dong nude
x4 ra khong gay x61 ddy hoac x6i 16 mai. Day
moéng dap duge xir 1y bang cach dam chit, co
thé gia cd thém bang bé tong thuong dé ting
cuong kha ning chiu tai va chéng tham. Ngoai
ra, hé thong 16 thoat nudc thudng dugce bd tri
bén trong than dap nham giam 4p luc nude
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thAm va han ché nguy co pha hoai do ap suit
du trong than. Pap bé tong da hoc co nhiéu vu
diém ndi bat : Truée hét, vat liu chinh la d4
hoc thuong c6 san tai cac ving mién ndi hodc
trung du, giup giam chi phi van chuyén va chu
dong vé ngudn cung. Phuong phap thi cong
don gian, co thé thuc hién bing lao dong thu
cong két hop co gioi nhe, phu hop véi didu
kién thi cong & vung sau vung xa. Mat khac,
do khong yéu cau thiét bi diic d6 bé tong phirc
tap nhu céc loai dap hién dai, loai dap nay dac
biét phi hop véi cac dia phuong c6 han ché vé
ky thuat va thiét bi. Trong thuc tién, dap bé
tong da hoc duoc ng dung rong rai cho cac
cong trinh vira va nhd, dac biét l1a trong linh
vuc Thuy lgi phuc vu tudi ti€u nong nghiép.
Céc dap dang co chiéu cao tir 5 dén 10 mét,
cac dap tran x4 It ¢ vung trung du, hodc cac
tuyén dap phu cua hé théng kénh muong Thuy
loi déu 1a nhitng vi dy dién hinh cho kha ning
ung dung hi€u qud cua loai dép nay. Nho su
két hop giira hiéu qua kinh té va tinh don gian
trong thi cong, dap bé tong da hoc van giit vai
trd quan trong trong phat trién ha ting Thuy
loi tai nhiéu dia phuong, nhat 14 trong bdi canh
day manh xay dung néng thén méi va thich
g vai bién d6i khi hau. Tom lai, dap bé tong
da hoc 1a giai phap két cau c6 gia tri thyc tién
trong cac cong trinh Thuy lgi quy m6 nho va
trung binh. Viéc lya chon va thiét ké loai dap
nay can dua trén cac yéu to vé dia hinh, diéu
kién vat liéu, kha nang thi cong va yéu cau ky
thuat cy thé cua timg coéng trinh, nham bao
dam hiéu qua du tu va do bén viing trong sudt
vong doi khai théc...

2. GIOI THIEU VE PHAN MEM TiNH TOAN

Phan mém tinh toan két cdu SAP2000
(Structural Analysis Program) duoc phét trién
boi cong ty CSI (Computerss and Structures,
Inc) va hién nay da rat pho bién trén toan Thé
gidi. N6 duoc cai tién tur phén mém SAP, dugc
bat dau tir cac két qua nghién ciru phuong phép
s6 (Numeric method), phuong phap phan tir
hitu han (Finite Element Method) trong tinh
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toan co hoc (Computation Mechanics) cua giao
su Edward L. Wilson (University of California
at Berkeley, USA).

Tién than cia SAP2000 1 chwong trinh SAP
(Structural Analysis Program), dugc phat trién
1an dau tién vao dau nhimg nim 1970 boi GS.
Edward L. Wilson tai Pai hoc California,
Berkeley. Day 1a mot trong nhitng phan mém
dau tién ap dung phuong phap phan tir hiru
han (FEM) trong phan tich két cdu — mot budc
dot pha trong nganh xiy dung luc bay gio.
Phién ban dau tién — SAP I, van hanh trén may
tinh 16n IBM bang ngon ngit FORTRAN, phuc
vu phan tich hé két ciu tuyén tinh 2D. Qua
moi giai doan phat trién, SAP tiép tuc duoc cai
tién ca vé kha ning tinh toan ldn giao dién
nguoi dung. Cac phién ban tiép theo nhu SAP
IV va SAP V mo rong sang két cau khong gian
3D, tng dung trong ca cAu, dap, va nha cao
tang. Pén cubi thap nién 1980, SAP di tro
thanh phan mém duoc sir dung rong rii trong
nhiéu trudng dai hoc va vién nghién ctru trén
thé giGi. Budc ngodt quan trong nhat dén vao
nam 1995, khi CSI chinh thuc gidi thi¢u
SAP2000, danh dau su két hop giita cong nghé
dd hoa tién tién va coéng cu phéan tich manh
mé. SAP2000 s¢ hitu giao dién truc quan véi
kha nang dung mo hinh két cau bang thao tac
kéo-tha, hd tro nhiéu dang phﬁn to (frame,
shell, solid...), diéu kién bién, tai trong phtrc
tap, va cac loai phan tich tir tuyén tinh, phi
tuyén, on dinh dén dong déat theo thoi gian
thuc. Trong sudt hon hai thap ky, SAP2000 da
trai qua hang chuc phién ban ning cdp - moi
nhat 1a SAP2000 v25, véi kha ning tich hop
BIM, phan tich phi tuyén nang cao, va két xuat
béo co tu dong. SAP2000 khong chi hd tro k§
su trong thiét ké nha dan dung, ma con duogc
ding cho cac cong trinh 16n nhu cau day ving,
dap thuy dién, thap vién thong va nha may
cong nghiép.

SAP2000 1a mot trong nhimg phan mém phan
tich va thiét ké két cAu hang dau thé gidi, ndi
bat nho giao dién truc quan, kha nang mé hinh

hoa manh mé& va tich hop da dang phuong
phap phan tich két cau. Pugc sir dung bai
hang triéu k§ su xdy dung trén toan cau,
SAP2000 dap tmg dugc ca cac yéu ciu hoc
thuat 1an thyc tién chuyén sdu trong thiét ké
cong trinh. Mot trong nhitng tinh ndng quan
trong nhat cia SAP2000 1a kha ning mé hinh
hoa khong gian 2D va 3D véi cac phéan tir da
dang nhu: thanh (frame), tdm (shell), khdi
(solid), lién két dan hdi, 16 xo phi tuyén, lién
két truot - xoay, va nhiéu loai diéu kién bién
phtic tap. Giao dién d6 hoa hd trg thao tac vé
nhanh, gén tai dé dang, tryc quan hoéa mo
hinh va két qua mot cach ré rang. SAP2000
hd tro cac dang tai trong linh hoat, bao gém:
tai trong tinh (trong luwong ban than, hoat tai,
tai gio, tuyét), tai dong (dong dat, rung dong
cudng buc, tai di dong), cling nhu cac dang
tai dac biét nhu nhiét do, ap luc nudc, tai
trong theo thoi gian hodc theo lich sir thuc té.
Phin mém cho phép gan tai phan bd, tap
trung, hodc theo ham mot cach linh hoat. Vé
mat phan tich, SAP2000 thuc hién dugc phan
tich tuyén tinh, phi tuyén, phan tich 6n dinh
(buckling), dao dong riéng (modal), dap tng
dong (time history), va phan tich tinh day
(pushover) - rat quan trong trong tinh toan
dong dat va danh gia kha ning chiu lyc cua
két cau cong trinh. Mdt diém manh khac 1a
kha ning tu dong thiét ké va kiém tra theo
tiéu chuan ky thuat quéc té, nhu ACI, AISC,
Eurocode, BS, IS, va cac tiéu chuin quéc gia
khac. Phan mém cho phép tinh toan va kiém
tra c6t thép, kich thude tiét dién, diéu kién on
dinh va an toan sur dung cho cac két cdu bé
tong, thép va composite.

3. SO SANH SU'LAM VIEC CUA PAP DA
PO BE TONG BAN MAT VA DPAP BE
TONG PA HQC

a. Thong sé hinh hoc va vat liéu caa 2
loai dap

* Pdp dd dé bé tong bin mdt

+ Kich thuoc hinh hoc: xem trong Bang 1
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Bang 1: Kich thwéc hinh hoc ciia dip da d6 bé tong ban mit va dip bé tong da hac

Bé rong day | Bé rong dinh | Chiéu cao P doc mai D) dbc Be (}ay bé tong
dap (m) dap (m) dap (m) thwong lru | mai ha hru | ™3t thUong
ap Ap Ap yng : lwu (m)

20 5 15 13 1:2.5 1

+ Vat lieu dap:

- Nén déap: y = 27 kN/m?, E = 2.12¢6 kN/m?,
n=0.22

- Bé tong mit thuong luu dap: v = 24 kN/m’,
E =3.25e¢6 kN/m?, u=0.2

- Bé tong trong than dap: y = 24 kN/m’
E =2.7¢6 kN/m? p=0.2

+ Muyc nudc : Thugng luu : 12m, haluu : O m

+ Nén dép: Pa goc: y =27 kN/m>, E = 2.12¢6
kN/m?, p=0.22

Véi cé hai loai dap dugc nghién clru trong bai
béo nay, khi mé hinh tinh toan, khu vuc tiép giap
gitta than dap va nén dugc gia thiét 1a lién két
lién tuc, ttrc 1a khong ton tai khe ho hodc 16p tiép
xtic trung gian. Diéu nay dong nghia vai viée cac
nut tai mat tiép xdc gitta hai phan tor duoc rang
budc hoan toan, dam bao diéu kién bién dang va
mg suat lién tuc, phan 4nh gia dinh ring than
dap va nén mong lién két chat vé mat co hoc.
Pap va nén dap dugc mo phong bang phan tir
Shell trong phan mém Sap2000. Tai bién dudi
va bién bén cia dap, gan diéu kién truot khong
cho phép dich chuyén ngang va ding, mé phong
nén vitng chic.

Hinh 1: Céu tao Ddp da do bé téng ban mdt

* Ddp bé tong da hoc

+ Kich thuéc hinh hoc tong thé: iy tuong tu
dap da do bé tong ban mit (xem trong Bang 1)

+ Vit lieu ddp:

- Nén déap: y = 27 kN/m?, E = 2.12¢6 kN/m?,
n=0.22

- Bé tong mit thugng luu dap: v = 24 kN/m’,
E =3.25¢6 kN/m? p=0.2

- P4 hoc: y = 25 kN/m?, E = 3.2e6 kN/m?,
p=0.2

- Bé tong trong than dap: y = 24 kN/m’,
E =2.7¢6 kN/m?, n=10.2

+ Muyec nude (lay twong tu nhu trudng hop déap
da d6 bé tong ban mat).

+ Nén ddp: Pa gbc: vy =27 kN/m>, E = 2.12¢6
kN/m?, p=0.22

Ha hra

Thuyng luu

Hinh 2: Céu tao Dap bé tong da hoc

b. Tinh toan su lam viéc

* Ddp dd do bé tong ban mdt

Ap lyc nudc tdc dung 1én trén bé mit thuong
luu dap duoc thé hién trong Hinh 3.

| et

Hinh 3 : Ap lwc miede tac dung lén
Bdp dd dé bé téng ban mdt
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Tién hanh phén tich bai toan dp chiu tac dung
cta trong luong ban than va ap luc nude (TS hop
tai trong = Trong lwong ban than + Ap luc nudc)
bang phian mém Sap2000, thu dugc chuyén vi
sinh ra tai cac vi tri cua dap. Két qua duoc thé
hién ¢ Hinh 4. Gi4 tri chuyén vi tai dinh mit ha
luu dap theo phuong dung 1a -2.8402mm, theo
phuong ngang 13 -0.0374mm. Gia tri chuyén vi
tai chan mat ha luu dap theo phuong ding la -
2.0589mm, theo phuong ngang 1a -0.0283mm.

Hinh 4: Chuyén Vi tai vi tri dinh va
chan mat ha luu ddp da do bé tong ban mat

* Ddp bé tong da hoc
Ap lyc nudc tic dung 1én trén bé mit thuong
luu dap duoc thé hién trong Hinh 5.

Hinh 5: Ap e nwéce tac dung
lén Ddp bé tong da hoc

Tién hanh phan tich bai toan dap chiu tac dung
cla trong lwong ban than va ap luc nude (TS
hop tai trong = Trong luong ban than + Ap luc
nuéc) bang phan mém Sap2000, thu duoc
chuyén vi sinh ra tai cac vi tri cua dap. Két qua
duogc thé hién ¢ Hinh 6. Gia tri chuyén vi tai
dinh mat ha lvu dap theo phuong dung la -
2.7253mm, theo phuong ngang la -0.0337mm.
Gia tri chuyén vi tai chan mat ha luu dap theo
phuong ding 1a -2.0502mm, theo phuong
ngang 1a -0.0119mm.

Hinh 6 : Chuyén Vi tai vi tri dinh
va chan mat ha lwu dap bé tong da hoc

* So sanh két qua sw lam viéc cua 2 logi ddp:

Két qua phan tich cho thay dap da do bé tong
ban mat co chuyén vi 16n hon & ca dinh va
chan dap so v6i dap bé tong da hoc (két qua
trinh bay trong Bang 2). Diéu nay c6 thé giai
thich dugc la do d§ cung cua dap bé tong da
hoc t6t hon so v6i bé tong da d6 ban miat. Qua
day co thé két luan duogc dap bé tong da hoc co
d6 6n dinh cao hon dap d4 d6 bé tong ban mat.

Bang 2: Chuyén vi tai cac vi tri ing véi 2 loai dap

CV ding CV ding CV ngang CV ngang
Vi tri (Pap bé tong | (DPap da db bé tong (Pép bé tong (Pap da db bé tong
da hoc) ban mit) da hoc) ban mat)
Pinh mat ha luu -2.7253mm -2.8402mm -0.0337mm -0.0374mm
Chéan mat ha luu -2.0502mm -2.0589mm -0.0119mm -0.0283mm
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4. KET LUAN

Thong qua nghién ctru, phan tich va mo6 phong
su lam viéc cua hai loai dap thuy loi phd bién
hién nay 1a dap da d6 bé tong ban mit va dap
bé tong da hoc bang phan mém SAP2000, di
dat duoc nhitng két qua chinh sau:

v/ Pi xay dung mo hinh sd chi tiét cua hai
loai dap trong cung diéu kién hinh hoc, vat liéu
va tai trong, dam bao tinh déng nhit dé phuc
vu so sanh.

v' Két qua phan tich cho thiy dap bé tong da
hdc co6 gia tri chuyén vi nhé hon so voi dap da
d6 bé tong ban mat tai ca dinh va chan dap mai
ha luu, chung té do on dinh va do cung két cu
cao hon.

v" Dép bé tong da hoc khong nhitng dam bao
kha ning chiu luc ma con tdi wu vé mit thi

TAI LIEU THAM KHAO
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cong, tiét kiém thoi gian va chi phi nhd Gng
dung cong nghé thi cong co gidi hoa.

v’ Viéc tmg dung phin mém SAP2000 cho
thdy hiéu qua rd rét trong viéc phan tich tmg
XUr cong trinh phirc tap, hd tro manh mé cho
cong tac thiét ké va danh gia k¥ thuat.

Tir cic phan tich trén, cé thé khing dinh dap
bé tong da hoc 1a giai phap két cAu phu hop
hon trong nhiéu diéu kién céng trinh Thuy loi
hién nay, dac biét 1a véi yéu cAu cao vé on
dinh va hiéu qua kinh té. Can tiép tuc nghién
clru va so sanh vé&i cac chiu cao cua dap
khac nhau, bén canh do6 can luu v dé thiét ké
thanh phan bé tong ban mit ciing nhu bé
tong rot vao khdi d4 hoc, nham dam bao céc
yéu cau vé thiét ké, thi cong va 6n dinh cho 2
loai dap trén.
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