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Tém tit: Cau mdng xi mdng ldi thép img sudt trude (CM-XMLT-UST) nhip 16n la mét két cdu
dang vé tru khong gian dwoc gia cuong bang cdc swon doc, swon ngang va thanh giang, khi thiét ké
doi héi néi lyc c6 df chinh xdc cao can phan tich theo bai todn vé mong khong gian. Tuy nhién
phan tich néi lec than mdng trén co sé cdc phirong trinh vi phdn co bdn cia Iy thuyét vé mong
khéng gian dé tim 1oi gidi chinh xdc thi gan nhiw khong thé thiec hién dwoc, thwong ding phwong
phdp phan tir hitu han va gidi theo chuyén vi. Song doi héi nguoi sie dung phdi ¢é hiéu biét nhdt
dinh vé 1y thuyét vé méng, phwong phdp phan tir hitu han va phan mém img dung. Duwa trén
Churong trinh chuyén dung tinh todn CM-XMLT-UST do tdc gid ldp trén nén phan mém ANSYS, da
tién hanh tinh todn hang loat bai todn vé méng va thdy rang véi CM-XMLT-UST c6 nhip I6n, khi ty
s6 chiéu dai nhip trén chiéu cao mdt cdt ngang L/H > 10 thi tinh theo Iy thuyét dam ciing dat do

chinh xdc can thiét.

Tir khéa: Cau méang, xi ming ludi thép, ing suét trudc, 1y thuyét vo, 1y thuyét dam, ANSYS

1. PAT VAN PE

Khi cau mang can vuot qua céc nhip 16n, gidi
phép hitu hiéu dé ting kha ning chiu luc theo
phuong doc ciia méng 12 stt dung UST. Do than
mang XMLT c6 dang vo tru va chidu day cua
than mang rat mong, nén chi thich hop véi cot
thép UST dat thing tai ddy mang va ding
phuong phéap cang sau. Vi phuong phép cang
sau dé dang khdng ché duoc lyc cing cép trong
timg giai doan, nén ciing thudn tién trong viéc
khdng ché bién dang va nut, van d& duoc xem 1a
nhay cam véi két ciu vo mong XMLT.

D6i v6i cic cau mang 16n va trung binh thi
thiét ké doi hoi noi luc c6 dd chinh xéc cao, can
phan tich ndi lyc thin mang theo bai toan vd
mong khéng gian. T6t nhat 1a ding phuong
phédp phan tir hitu han va giai theo chuyén vi.
Hién nay c6 nhitng phan mém manh cho phép ta
phan tich cdc két cdu vo c6 dang bat ky va chiu
tai trong tuy y nhu SAP2000 hay ANSYS, song
doi hoi nguoi sit dung phai c6 hiéu biét nhat
dinh vé 1y thuyét vo méng va phuong phap phan
t hitu han.

Dbi voi cau méng nho cé thé dung phuong

! Nghién cieu sinh, Trieong Bai hoc Thity lpi
? Khoa Céng trinh, Trieong Dai hoc Thity lgi

phdp gan diing dé phan tich ndi lyc than méng,
mot trong cac phuong phap thuong dung la thay
bai todn tinh vo mong khéng gian bang hai bai
todn phang riéng biét theo phuong doc va
phuong ngang mang, dugc goi la phuong phap
tinh theo “ly thuyét dim”. Theo 1y thuyét tinh
todn nay, phuong doc than mang dugc tinh nhu
bai toan dam, phuong ngang méng dugc tinh
nhu mét hé phang (khung phing) c6 be rong
don vi dugc cat ra tir than mang chiu tat ca cic
tai trong tic dung lén doan mang d6 va dugc
cin bang nhod cdc luc twong hd cta cic phan
mang hai bén, dugc goi 14 “phuong phép lyc cat
khong can bang” (Vii Thanh Hai, 2001).

Trong cdc gido trinh “Két cdu bé tong cbt
thép Ung suat trudc” déu trinh bay dudi dang bai
todn dam (Nguyén Tién Chuong, 2010), cho nén
voi CM-XMLT-UST vO6 moéng nhip 16n, phan
tich ndi luc theo phuong doc ding ly thuyét
dam c6 nhiéu thuan loi va cling du do chinh xac
can thiét khi chiéu dai nhip da 16n, con theo
phuong ngang tinh theo so d6 khung giéng nhu
CM-XMLT thong thuong (14-TCN 181:2006).

2. CO SO TINH TOAN NOI LUC CM-
XMLT-UST

2.1. T4i trong tinh toan

Tai trong tac dung 1én cau mang gdm c6:
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- Trong lugng ban than cau mang.

- Ap lyc nudc tng voi muc nude thiét ké.

- Téi trong ngudi qua lai trén cau mang.

- Céc tai trong khic nhu 4p luc gid, luc ma
sat 0 gbi dd, dp luc thuy dong, dong dat, tai
trong clu lép, luc va cham cia vat ndi... duge
bo qua trong tinh toan.

2.2. T6 hop tai trong

Phén tich trang thdi (mg suat bién dang than
mang XMLT dugc tién hanh véi t6 hop tai trong

Tai mang

Pay mang

co ban (TH1) gom: trong luong ban thin mang
(TLBT) + tai trong nguoi qua lai (ND*) + trong
lugng nudc ing voi chiéu sdu muc nude thiét ké
(ALN) va luc nén trudc (LNT*).

2.3. Truwong hop tinh toan

Tinh todn cho CM-XMLT-UST mit cit
chit U c6 cau tao va kich thudc mit cit ngang
nhu hinh 1 véi chiéu dai mang thay d6i L =
8m ~ 22m.
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Hinh 1. Cdu tao va kich thirde mdt cdt ngang CM-XMLT-UST

3. TINH TOAN CM-XMLT-UST THEO
LY THUYET VO

3.1. M6 hinh tinh toan

Duya trén Chuong trinh chuyén dung tinh
todn CM-XMLT-UST do tic gia 1ap trén nén
phan mém ANSYS (Pham Cao Tuyén, 2015) da
tién hanh mo6 hinh CM-XMLT-UST dai L =
12m theo bai todn vo mong khdng gian voi kich
thudc mit cit ngang nhu hinh 1, cdu méng duoc
gia cuong bang céc thanh gidng, suon dung gitta

R16.0

wines ANSYS

Hinh 2. Mé hinh CM-XMLT-UST mdt cdt
chit U nhip don L =12m

va suon dung bién cho & hinh 2.

3.2. Két qua tinh toan

Phd mau chuyén vi dimg UY do to hop tai
trong THI=TLBT+ALN+ND*+LNT* sinh ra
cho & hinh 3. Gid tri chuyén vi do cdc thanh
phan tai trong gdm trong lugng ban than TLBT,
ap luc nudc ALN, tai trong ngudi di lai va trong
lugng duong nguoi di ND*, luc nén trudc
LNT* va to hop tai trong TH1 cho & bang 1.

A rang na: trep

Hinh 3. Phé mau chuyén vi ding UY
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Phé méu tng suét theo phuong doc SZ do
THI sinh ra cho & hinh 4. Ph6 mau tng sut
theo phuong ngang SX do TH1 cho ¢ hinh 5.
Gid tri Gmg suit ¢ ddy mang va & dinh méng tai
giita nhip do c4c thanh phan tai trong TLBT,
ALN, ND*, LNT* va TH1 cho ¢ bang 1.

ANSYS

R16.0)

Hinh 4. Phé mau vmg sudt doc SZ

Két qua tinh todn cho thdy ung suit theo
phuong ngang nhé hon rat nhiéu so véi ng
suat theo phuong doc tai ddy mang. Hay néi
cdch khdc ddi véi cau mang nhip 16n, tng
suat theo phuong doc SZ 1a chu yéu.

Hinh 5. Phé mau vmg sudt ngang SX

Bang 1. Chuyén vi dirng UY, tng suit SZ va SX tai mit cit giira nhip CM-XMLT-UST

Nhip L Thanh phan tai trong
(m) TLBT | ALN | ND* | LNT* | THI
Chuyén vi dimg UY ddy mang (mm)
-0,72537 | -142132 | -0,09372 | 2385 | 0,14459
Ung suat doc SZ ddy mang (kN/m?)
12 72798 | 1424,8 95,158 | -4862,1 | -2614,16
Ung suat doc SZ dinh mang (kN/m?)
-1225,1 | -2600,0 -141,53 | 1166,8 | -2799,83
Ung suat ngang SX ddy mang (kN/m”?)
41,403 | 228,57 57964 | 89,663 |  -103,300
Ghi chii: Cdc lyc mang ddu sao (¥) la luc c6 TLBT+ALN+ND*
gid tri cho tung bai todn cu thé, con trong luong
ban than va dp lyc nuoc chuwong trinh tw tinh N . [@] -
khi da chon mdt cdt ngang mdng. LNT* F L=12m 4

4. KIEM TRA CM-XMLT-UST BANG
TAY THEO LY THUYET DAM

4.1. So' d0 tinh toan

Kiém tra d tin cdy cua két qua tinh todn
CM-XMLT-UST theo 1y thuyét vo st dung
phan mém ANSYS bang so d6 dam don dai L =
12m chiu tai trong phan by déu géom TLBT,
ALN, ND* va LNT* dat I¢ch tam mét khoang Z
nhu hinh 6.

Hinh 6. So dé tinh todn dam UST

bac trung hinh hoc cua tiét dién dam cho &
hinh 7:
- Dién tich tiét dién:
A =0,32856 m’
- Trong tam tiét dién C so véi géc toa do O:
Yc=-0,17937 m
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- Momen quén tinh doi véi truc X:

Ixx=0,10738 m*

Tai trong tdc dung gom trong luong ban than
ming TLBT = 7y,.A =7,09098 kN/m, trong
lvong nudc ALN = v, (A+fD,) = 15,25488
kN/m, duong nguoi di va nguoi di lai ND* =

1,0 kN/m, luc nén trudc LNT* = 875 kN.
4.2. Két qua tinh toan

Két qua tinh todn chuyén vi ding UY va tng

0,97937m

0,52063m

|Z

suat doc SZ tai day mat cat gitra dam do TLBT,

ALN, ND*, LNT* va td hop tai trong TH1 cho

O bang 2.

Ymin=0,62063m  Ymax

XMLT-UST

Hinh 7. Bac trung hinh hoc tiét dién CM-

Bing 2. M6 men, chuyén vi va img suit doc tai mit cit giira nhip CM-XMLT-UST

Gié tri Thanh phan tai trong
latn TLBT ALN ND* LNT* THI

Momen M = qL*/8 (kNm) | 127,63767 | 274,58784 | 18,0 | -455,55125 | -35,32574

Luc doc N (kN) 0 0 0 -875 -875

Chuyén vi dung
UY = SMLZ48BLer (mm) 0.6414 13789 | 0,09045 | -2.2891 0,17745

Ung suét doc SZ tai ddy

S7 S NIATMIW (N | 737705 | 1587.029 | 104034 | -5296.076 | -2867.308

4.3. Nhan xét
Két qua tinh todn chuyén vi va ung suat doc
tai mat cét giita nhip cia CM-XMLT-UST dai L

theo bai toan dam bang giai tich do céc thanh

= 12m theo bai todn vo mong khong gian va

phan tai trong tic dung 1én ciu mang sinh ra
dugc tong hop trong bang 3.

Bang 3. So sanh chuyén vi UY, vng suit SZ tai mit cit giira nhip ciia CM-XMLT-UST

. . Thanh phan tai trong
Tinh todn TLBT | ALN | ND* [ LNT* THI
Chuyén vi dung UY ddy mang (mm)

ANSYS -0,72537 -1,42132 -0,09372 2,385 0,14459
Giai tich -0,6414 -1,3798 -0,09045 2,2891 0,17745
Ung suét doc SZ ddy mang (kN/m°)

ANSYS 727,98 1424.,8 95,158 -4862,1 -2614,16

Giai tich 737,705 1587,029 104,034 -5296,076 -2867,308
% khéc biét -1,33% -11,38% -9,35% -8,92% -9,68%

Tu bang 3 cho ’théy két qua tinh todn thanh phin tai trong theo ly thuyét vo bang

chuyeén vi va ung suat gitta nhip mang do céc
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bang giai tich ¢6 sy chénh nhau nhung khéng
nhiéu (xdp xi 10%). Sy chénh léch nay la do
khi tinh toan theo 1y thuyét dam da khong xét
dugc anh huong cua thanh gidng va cdc sudn
ngang, bo qua dp luc ngang nén gid tri chuyén
vi va ung suat doc tai dday mang déu 16n hon
so v6i tinh todn theo bai to4n khong gian bang
phan mém ANSYS.

Theo 1y thuyet vo khi két cau vo _mong
dang dam 6 ty sb gitra chiéu dai va chiéu cao
ciia tiét dién L/H du 16n thi do vong theo
phuong vudng géc voi truc dim va ung suit
doc ¢ ddy tinh theo 1y thuyét dam ciing du do
chinh xé4c can thiét (Edward G. Nawy, 2006).
Tuy nhién ty s6 nay it nhat bang bao nhiéu dé
loai b6 anh huéng cia thanh gidng va suon

ngang dén do vong va Gng suat doc o ddy
CM—XMLT—UST thi can phai dugc xem xét cu
thé.

5. PHUONG PHAP TINH TOAN CHO
CM-XMLT-UST VO MONG NHIP LON

Dé c6 co sd cho viéc dé xuat phuong phdp
tinh toan CM-XMLT-UST nhip 16n, bai bdo
da tién hanh tinh toan cho cdc chiéu dai mang
khdc nhau tr L = 8m dén 22m theo 1y thuyet
vo su dung phan mém ANSYS va Iy thuyet
dam. Tur két qua tinh todn chuyen vi cua cau
méang c6 H = 1,6m voi chiéu dai nhip mang
thay doi tir 8m dén 22m, da xac dinh dugc ty
so L/H dé két qua tinh toan theo 1y thuyet dam
xap xi bang theo 1y thuyét vo qua cdc s lidu
tinh todn dugc cho ¢ bang 4.

Bing 4. So sanh chuyén vi tinh theo 1y thuyét vé va ly thuyét dam

Nhip mang Cau mang H = 1,6m Ty s6 LT Dim | LT V6 (ANSYS)
Li (m) UY (TLBT) | UY (ALN) Ly/Li (L/L)* | TLBT | ALN
) | 2 (3) (4) (5) (6) (7) (8) 9)
L8 8 -0,18805 -0,35493 22/8 | 2,750 57,19 37,47 | 39,31
LI0 | 10 -0,3845 -0,74375 | 22/10 | 2,200 23,43 18,33 | 18,76
LI2 | 12 -0,7254 -1,42132 | 22/12 | 1,833 11,30 9,71 9,82
L4 | 14 -1,2718 -2,5038 22/14 | 1,571 6,10 5,54 5,57
L6 | 16 -2,0918 -4,1311 22/16 | 1,375 3,57 3,37 3,38
L18 | 18 -3,2653 -6,456 22/18 | 1,222 2,23 2,16 2,16
L20 | 20 -4,8857 -9,6696 22/20 | 1,100 1,46 1,44 1,44
122 | 22 -7,0468 -13,951 22/22 | 1,000 1,00 1,00 1,00

Tir bang 4 cho thdy khi L = 16m thi chuyén
vi dung tinh theo 1y thuyét vo va 1y thuyét dam
chénh nhau khong déng ké, véi mang c6 H=1,6
m thi ty s6 nay 1a L/H = 16/1,6=10. Ciing tuong
ty ta 1ap bang tinh véi tng suat doc tai mat cét

gitta nhip ¢& ddy mang SZ(L;) do trong luong
ban than va ap lyc nudc duge xac dinh theo 1y
thuyét vo bang phan mém ANSYS va theo ly
thuyét dam tng v6i ciu mang ¢6 H = 1,6 m cho
o bang 5.

Bang 5. So sanh ng suét tinh theo 1y thuyét vé va Iy thuyét dim

Nhip mang Ciu mang H = 1,6m Ty s LT Dam | LT V6 (ANSYS)
L; (m) SZ (TLBT) | SZ (ALN) Ly,/Li (L»/L)*> | TLBT | ALN
(1) (2) (3) (4) (5) (6) (7) (8) 9)
L8 8 331,22 627,11 22/8 2,750 7,5625 6,61 7,46
L10 10 509,25 953,19 22/10 | 2,200 4,8400 4,30 4,91
L12 12 727,98 1424,8 22/12 1,833 3,3611 3,01 3,28
L14 14 988,27 1902,3 22/14 1,571 2,4694 2,22 2,46
L16 16 12849 25279 22/16 1,375 1,8906 1,70 1,85
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L18 18 1616,2 3145,3 22/18 | 1,222 1,4938 1,36 1,49
L20 20 1989,2 3923,3 22/20 | 1,100 1,2100 1,10 1,19
122 22 2190,7 4679,9 22/22 | 1,000 1,0000 1,00 1,00

Tir bang 5 cho thdy khi L=16m thi ing suat
doc tinh theo Iy thuyét vo va ly thuyét dam chénh
nhau khong dang ké, vi méang c6 H = 1,6m, ty s6
L/H=16/1,6=10 thi Gng suit theo phuong doc
méng tinh theo 1y thuyét dam ciing dat do chinh
xéc can thiét, dic biét 1a ung suét do ap lyc nudc.

6. KET LUAN

Bai bdo dd khang dinh do tin cdy cia Chuong
trinh tinh toan CM-XMLT-UST 1ap trén nén phan
mém ANSYS théng qua két qua kiém tra bang tay
theo 1y thuyét dam. Ngoai ra qua két qua tinh todn
trang thi mg sudt bién dang cia CM-XMLT-

UST mit cit chit U c6 chidu cao H=1,6m, dudng
kinh 1ong méng D,=1,2m, chiéu dai nhip méng L
thay doi tir 8m dén 22m theo bai todn vo bimg
phuorng phéap phan tir han véi su hd trg cla phan
mém ANSYS va theo bai toan dam bang giai tich
cho thay khi ty s6 L/H > 10 thi chuyén vi tai mat
cit giita nhip mang va tmg suat theo phuong doc
méng theo hai phuong phéap gan xap xi nhau, hay
khi chiéu dai mang du 16n thi tinh theo Iy thuyét
dam ciing dat do chinh xdc can thiét. Didu nay
hoan toan phit hop véi 1y thuyét vo mong dang
dam thong thuong.
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Abtract:
STUDY THE DEFORMATION AND STRESS OF LONG SPAN PRESTRESSED THIN
SHELL FERRO-CEMENT AQUEDUCTS

Long-span prestressed ferrocement aqueducts is a thin shell structurere reinforced by vertical ribs,
transverse ribs and struts, when the design requires internal force with high precision, need to
analyze the space thin shell problem. However, the analysis of the internal force of the body
aqueduct based on the fundamental differential equations of space thin shell theory, it is almost
impossible to find the exact solution, often used finite element method. However, it requires the user
to have a certain understanding of shell theory, finite element method and application software.
Based on CM-XMLT-UST Dedicated Program in ANSYS software created by the author, have
conducted hand calculation for a series of problems and found that for prestressed ferrocement
aqueducts with long-span, when the ratio of the length/cross-sectional height L/H = 10, calculate by
the theory of beams also achieve the necessary precision.

Key words: Aqueducts, Ferrocement, Prestressed, Shell theory, Beam theory, ANSYS
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