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Caculation for the temporary strut system in the basement construction
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TGM TAT:

Trong cang tac thi cong tang hdm cho nha cao tang, hé thanh ching
dung dé chang giir 6n dinh cho teeng chan dat dang vai tro quan
trong, khang nhitng phéi ddm bao da bén, dam bao kha nang chiu
lwc ma can phai an toan khi thi cang. Bai vigt nay phan tich 2 bai
toan tinh hé thanh chiing tam cho cang trinh thi cong bing phureng
phap dao ma va phuong phéap top - down. Ma hinh 3D cia hé thanh
chaing duwc thigt [ap béng phan mém ETABS 7.4 va PLAXIS 8.5. Mai
bai todn dugc tinh toan theo trinh tw céc budc thi cong tai cong
trudng. K&t qua ma hinh cho théy, ing vai mdi phreng phép thi cang
khac nhau thi vai trd cia thanh ching ding va thanh chéing ngang
thay ddi. Theo da, vai phuong phap dao mé thanh chang ngang dang
vai tro chiu lyc chinh, thanh chaing ding ca tac dung dinh vi va giir
in dinh cho két cdu. Nguoc lai, theo phuang phép thi cang top-down
thi thanh chang ding ca nhiém vy tigp nhan toan ba téi trong do san
bén trén truyén xuting trong qua trinh thi cong nén cén phéi tinh
toan mat cach chi tigt.

Tir khéa: Nha cao tang, tang ham, thanh chang tam, thi cong dao
ma, thi céng top-dowm

ABSTRACT:

In the construction of basements for high-rise buildings. the
temporary strut system plays an important role, not only to ensure
durability, bearing capacity but also to be safe on the site. This
article analyzes the calculating temporary strut system for
construction by open excavation method and top-down method. The
3D model of the strut system was established using ETABS 7.4 and
PLAXIS 8.0 software. Each case is calculated according to the
sequence of construction steps at the construction site. The model
results show that, for each different construction method, the role
of vertical struts and horizontal struts changes. Accordingly, with
the open excavation method, the horizontal strut plays the main
bearing role, and the vertical strut has the effect of positioning and
stabilizing the structure. In contrast, according to the top-down
construction method, the vertical strut is responsible for receiving
the entire load transmitted by the upper floor during construction,
so it needs to be calculated in detail.

Keywords: High-rise buildings, basement, temporary strut, open
excavation method, top-down method.

1. Gigi thiéu

Hién nay, vai téc d6 doé thi hda & nudc ta, nhiéu céng trinh cao
tang dugc xay dung nham dap (ing véi nhu cau vé nha & va khéng
gian st dung ngay cang tang. Cac cong trinh c6 thé c6 tur 3 dén 4
tang ham dugc thi cong trong khéng gian dé thi chat hep, khong
c6 nhiéu khéng gian dé thi cdng, mé rong hé dao. Do do, lua chon
cac giai phap thi cong sao cho céng trinh vira ddm bao kha nang
chiu luc cling nhu ddm bao tinh an toan cho cac nha lién ké luén
dugc cac ky su quan tam. Hé thanh théng chéng d& vach hé dao
doéng vai tro quan trong trong qua trinh thi céng cong trinh. Hé
théng nay chd yéu lam bang thép hinh nhu hinh 1, chéng theo
phuong ngang, phuong dung hodc xién. Dya vao tai trong céng
trinh va 4p luc dat tdc dung lén hé thanh chéng, c6 thé tinh toan xac
dinh dugc bién dang va noi luc trong cac cdu kién, tir d6 lua chon

tiét dién phu hop cho hé. Noi luc va bién dang cla hé sé thay déi
tuy theo phuong phép va giai doan thi cong.

Viéc van chuyén dat ra ngoai hé dao trong thi céng tdng ham sé
lam thay d8i tiing suat trong dat & phia bén dudi va bén canh hé dao,
dé gay ra hién tugng bién dang dat nén va xay ra hién tugng Iin cho
cac cong trinh lién ké. Do dé, khi két cau chéng dé dugc thiét ké hop
ly thi c6 thé gidm dang ké su thay déi ap luc ngang trong vung dat
lién ké hé méng, nén c6 thé gidam dé Iin tdi gia tri cho phép [11.

Hién nay, van chua c6 tiéu chudn hudng dan tinh toan cho hé
thanh chéng trong thi cong tang ham cong trinh, viéc dua ra bién
phap tinh toan hogp ly 1a hét stc can thiét. Bai bao nay trinh bay
phuong phap tinh toan hé thanh chéng, bang céch xay dung mé
hinh mé phong cta hé tiy thudc vao diéu kién va loai hinh thi cong
dugc ap dung déi vai tiing cdng trinh cu thé.
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Hinh I. Thanh ching cho

2. Co'sé ly thuyét

Thanh chéng trong tang ham céng trinh la mét hé gom nhiéu
thanh ngang, thanh ding va cé thé cé nhiéu tang tuy thudc vao
chiéu sau hé dao. S6 lugng, chiéu sau, vi tri va sé tang chéng phu
thudc vao phuang phép thi cong. Viéc xac dinh ndi luc céc thanh
chéng phai dua vao cac phan mém phan tich két cau va tién hanh
phan tich bai toan tng véi cac té hop tai trong gay bat Igi nhat. Hién
nay, phuong phap thi céng tdng hdm cong trinh cé thé thi céng
theo 2 phuong phép la theo huéng tU dudi Ién (con goi la phuong
phap dao m& ) hodc thi céng tir trén xudng (con goi la phuong
phapTop-down).

Thanh chéng bang thép hinh st dung trong cong trinh dugc
tinh toan nhu thanh chiu nén uén. Phuong phap tinh noi luc va
chuyén vi dugc st dung véi so dé tinh cGia thanh mot nhip va thanh
lién tuc nhiéu nhip dugc thé hién nhu hinh 2 [2].

o =

téng hém céing trinh

‘ nhip tht | nhip thif i
v

1 l

a. Thanh nén udn | nhip b. Thanh nén udin nhigu nhip
Hinh 2. So dd tinh ciia thanh ching [2)

Trong d6: q - tai phan bé déu va tai trong ban than trén thanh

| - nhip clia thanh

Ma, Mb, Mi1, Miss— mé men uén & dau thanh nén

P - luc doc truc thanh nén

y(x) — d6 vong tai x

0a, 0b-gAc xoay tai tai gbi tua A, B;

0- goc xoay tai tai géi i clia nhip i-1; 0’-gdc xoay tai tai gdi i clia
nhip i

Gia tri tai trong dugc xac dinh ti ap luc dat, nudc, tai phan bé
trén mat dat tdc dung vao tudng chan, sau d6 dugc truyén tir tudng
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chan vé thanh ch6ng ngang va thanh chéng ding, cac gia tri nay
ludn thay d6i phu thudc vao qua trinh thi cdng. Thanh chéng ngang
dugc 1ap dat tir trén xuéng theo tling dot thi cong dao dat, va duac
thay thé bang dam san BTCT khi thi cong bang phuong phap top-
down.

Thanh chéng ding trong thi céng top - down thudng la
thanh ch6ng tam hodc c6t cling trong ¢t BTCT, gia tri tai trong
dugc xac dinh ti tai tac dung 1én san BTCT clia cac tang ham va
cac san trén mat dat da thi cong xong truyén xudng. S6 tang san
dugc dua vao tinh toan trong moé hinh tuong Ung vdi s6 tang san
thuc té thi céng.

Khi thiét 1ap mé hinh tinh thi luu y 1a thanh chéng ding cé chiéu
dai 16n nhat dugc tinh tor dinh coc nhoi dén day san tang dang thi
céng, chiéu dai gidam dan khi thi céng céac tang san tu trén xudng,
chiéu dai thanh ngang la khoang cach gitra cac cot chéng va khoang
céach gilta c6t chong vai tudng chan.

Noi luc va bién dang clia hé thanh chéng sé ludn thay déi theo
su tién trién cla thi cdng nén viéc tinh toan thiét k& can phai dugc
tién hanh & giai doan dac trung nhat, dong thai can xem xét anh
hudng cla giai doan thi cdng trudc dén giai doan thi cong sau trong
tinh toan noi luc va bién dang nay [3].

3. Cac phuong phap tinh toan

3.1.Pham vi ap dung

Hién nay chua c6 tiéu chudn huéng dan tinh toan cu thé cho hé
thanh ch6ng tang ham. Trong bai viét nay, tac gia lua chon sit dung
phuong phap tinh toan cot chéng cho céng trinh c6 3 tang ham su
dung phuong phap thi céng dao ma va top - down.

Mé hinh 3D dugc thiét lap bang phan mém ETABS va PLAXIS, tir
gia tri noi luc cé dugc cla bai toan, tiét dién thanh chéng duoc lua
chon va kiém tra d6 bén theo TCVN 5575:2012: K&t cau thép - Tiéu
chuén thiét k& [4].

Viéc mo6 phéng tinh toan thanh chéng dugc thuc hién tly thudc
vao bién phap thi cong. Cac s6 liéu tai trong trong mo hinh dugc 1dy
tUr cong trinh thuc té.

3.2. Cac dang bai toan

3.2.1.Dang baitoan sé 1 - Tinh toan theo phuong phap dao mé

Phuang phap thi cong dao mé la phucng phap cé dién va dugc
ap dung khi chiéu sau hé dao khong I6n. Theo phuong phéap nay thi
toan bé hé dao dugc dao 1én bang dé sdu dat méng, c6 thé dung
tht cong hay co gidi tuy thudc vao do sau hé dao, diéu kién dia chat
thay van, khéi lugng dat can dao hoac kha nang cung cap may cla
don vi thi cong. Sau khi dao xong, ngudi ta tién hanh thi cdng cong
trinh theo trinh tu thong thudng tu dudi lén trén [2].

Thi cdng theo phuang phap nay dé gady mat én dinh thanh hé
dao do d6 ngudi ta phai st dung tudng clr va hé thanh chéng d6 dé
gir 6n dinh thanh hé trong qua trinh thi cong. Viéc tinh toan, lya
chon tiét dién thanh chéng va danh gia dé &n dinh hé thanh chéng
la hét stic can thiét, dam bao kha nang chiu lyc va diéu kién an toan
trong thi céng.

a. Khai bao mé hinh

Cong trinh ¢6 3 tang ham, st dung bién phap thi cong dao dat
bing phuong phap dao ma, thanh vach dat dugec chéng d& bang
tudng Barrette va tudng duoc chéng d& bang thanh chéng thép
hinh (hinh 3a). S6 liéu dia chat va chiéu sau hé dao dugc thé hién
trong hinh 3b véi chiéu sau hé dao 11m, muyc nudc ngam cach mat
dat 3,0m. Coéng trinh st dung 2 tang chéng bang thép hinh cach
nhau 4m, tudng Barrette day 600mm, sau 25m.

Hé thanh chéng dugc mé hinh bang phan mém ETABS nhu
hinh 4, theo dé hé thanh chéng dugc mé hinh thanh cac dot dua
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a. Mat bang cang trinh b. S lieu bai toan
Hinh 3. Cang trinh sir dung phuang phép thi cang dao mé

b. Ma hinh phén tir hiru han trong ETABS
Hinh 4. He thanh chéing theo phurang phap dao ma

a. Mat béing b tri thanh chéing

b. K&t qua tinh toan

N&i luc ctia hé thanh chéng tinh toan bang phan mém ETABS
dugc hién thi & hinh 5a, gia tri ndy dugc nhap vao mé hinh Plaxis
nhu hinh 5b. Thanh ch6ng ngang sé 1 dat & cao d6 -3m tinh tir mat
dat, thanh chéng ngang sé 2 dat & cao do -7m tinh t& mat dat, cac
gia tri ndi luc chia thanh Ung véi d6 sau dao 3m, 7m va 11m dugc thé
hién & hinh 6 va két qua noi luc dugc téng hgp trong bang 1.

Tu két qua tinh toan noi luc cé dugc ctia mo hinh, tién hanh tinh
toan va lua chon tiét dién thanh cling nhu kiém tra diéu kién &n dinh
téng thé va 6n dinh cuc bd cha hé. Theo d6, chon tiét dién thanh
chéng ngang bdng thép hinh chi H (400x250x25)mm va thanh
chéng duing tiét dién H(250x250x25)mm dé chéng gilf tudng. Tiét
dién nay dugc lua chon trudc r6i sau dé dugc kiém tra lai kha ning
chiu lyc véi cac noi luc dugc tinh & trén.

a. Nai luc cia he thanh ching

b. So dd thanh chiing khai bao trong
PLAXIS
Hinh 3. Ngi lyc cia hé thanh chdng trang ETABS va khai béo cac thanh chéng trang
PLAXIS

VGi két qua trong bang 1, thay rang luc tac dung vao thanh
chéng dling trong qua trinh thi cong tuang déi nhé, tai trong tac
dung chu yéu vao thanh ding la trong lugng ban than, thanh chéng
ding déng vai trd dinh vi cac thanh ngang, gitt 8n dinh cho hé.

Tinh toan theo phuong phap dao ma thay rang luc tac dung vao
thanh ngang I6n hon nhiéu so véi thanh ding. Thanh ngang ¢é tac
dung chéng gili cho tudng én dinh, khéng ché chuyén vi ngang clia
tudng khong vugt qud gidi han cho phép, xem nhu thanh ngang
chiu nén uén. Trong qua trinh tinh toan, can luu y dén viéc kiém tra
kha nang chiu luc ctia thanh ngang. Viéc tinh toan d6 bén cdia thanh
dugc thuc hién theo qui dinh cda tiéu chuan hién hanh.

Bang 1. Téng hop két qua ndi luc trong thanh chéng theo cac giai doan thi céng

.. L Thanh chéng ngang sé 1 Thanh chéng ngang sé 2 Thanh chéng diing
Giai doan dao dat N (KN) M (KN.m) N (KN) M (KN.m) N (KN) M (KN.m)
Giai doan dao 3.0m 0.29 - - - - -

Giai doan dao 7.0m -108.8 160 -0.24 - -63.2 12.6
Giai doan dao 11.0m -1.8 20.5 -265.6 36.4 -90.4 534
i ¥y rs 7! Frore!
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a. D6 sau 3m

b. D6 sau 7m
Hinh B. Nai lirc cia thanh chiing ngang tng vai céc chiéu sau hi' dao khac nhau

c. D sau llm
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3.2.2. Dang bai toan sé 2 - Tinh toan theo phuang phap top
-down

Phuang phap thi cdng top-down dang dugc ting dung nhiéu
trong thi cong céng trinh cé tang ham, véi phuong phap nay vira
thi cong tang ham tur trén xudng viia lam phan than nha tu dudgi lén,
Iay mat dat lam moc khéi hanh [2]. Theo phuong phéap nay thi tudng
trong dat va coc khoan nhéi dugc thi cédng trudc, thanh chéng ding
bang thép hinh dugc 13p dat trong qua trinh thi céng coc nhéi.
Chiéu dai thanh tinh tir dau coc I1én dén mat dat, san tang trét dugc
dé bé tébng ngay trén mat dat tu nhién, lGc nay san tang trét sé ty
I&én tudng trong dat va cot tang ham. BGi véi phuong phap thi cong
nay, thanh chéng dung chiu luc toan b tai trong san bén trén
truyén xudng trong qua trinh thi cdng tang ham.

& bai viét nay, bai todn 4p dung tinh toan cho céng trinh ¢6 3
tdng ham dugc thi cong theo phuang phap top-down. Thai diém
bat dau thi céng san BTCT tai vi tri mat dat, thanh chéng chiu tai
trong ctia mét san, chiéu dai tinh toan thanh chéng ding dugc tinh
tUr dau coc nhéi 1én dén mat dat. Khi thi cdng san ham tha 1 déng
thai thi cdng san tang 1, thanh chéng chiu tai trong cia 3 san truyén
xuéng, chiéu dai tinh toan tinh tir dau coc nhéi dén san ham 1. Sau
do, tiép tuc thi cong san ham 2 va san tang 2, thanh chéng chiu tai
cUa 5 san truyén xudng, chiéu dai tinh toan cda thanh dugc tinh tir
dau coc nhoi dén san ham 2. Cubi cling, thi cdng san ham 3 (san
day) két hop véi dai mong thi trén mat dat thi cong san tang 3, thanh
choéng chiu tai clia 7 san truyén xudng, chiéu dai tinh toan ngan nhat
tinh tor dau coc nhéi dén san day.

a. Khai bao mé hinh

Cong trinh thi cong theo phuong phap top-down dugc lap bang
phan mém ETABS vdi téng 3 tang nédi, 3 ting chim. Theo d4, tai thai
diém thi cdng dén day san ham 3 thi trén mat dat thi cong doéng thai
I&n dén san tang 3 (hinh 7b).

Cong trinh dung tudng Barrette ch6ng d& vach dat, chiéu sau
hé dao 11m, muc nudc ngam cach mat dat 3,0m. Cong trinh dat trén
nén dat gom co 6 16p dat lan lugt tu trén xudng dudi gém co: cat
hat trung, cat hat tho, cat séi, cat min, cat pha va sét. San trén mat
dat va san tang ham c6 chiéu day 200mm, Jké't hop qém BTCT

L

o [)

cit téng 2 téng 2

(800x450)mm. San ham 1 cach mat dat 3.5m, san ham 2 cach mat
dat 7.0m, san ham 3 cach mat dat 11.0m. Tudng Barrette day
600mm, sau 40m. Thanh chéng ding dung thép hinh chit
H(500x400x25)mm, dat tir tang ham dén mat dat, tirtang 1 1én tang
313 cot BTCT.

M6 hinh dugc 1ap bang phan mém ETABS véi sé tang da thi cong
bén trén mat dat cdng vai 3 tang ham theo tiing giai doan thi cong
nhu hinh 7b. Két qua ndi lyc tai cac thanh chéng diing do cong trinh
truyén xudng dugc thé hién trong bang 2. Véi cac gia tri ndi luc via
tim dugc, tién hanh 1ap moé hinh Plaxis, két hgp vdi tai trong do ap
luc dat, 4p luc nudc va tai trén mat dat dé xac dinh noi luc trong
thanh chéng ding, thanh chéng ngang va tudng barrette trong qua
trinh thi cdng nhu hinh 8.

a. Mat béng bd tri thanh ching ding b. Ma hinh phan tir hitu han
Hinh 7. Cang trinh thi cang bang phuong phap top - down
Bang 2. Tai trong cac san tang trén truyén xuéng cot chéng theo
cac giai doan thicéng

Giai Thanhsé | Thanhsé | Thanhsé | Thanhsé
doan 1(kN) 2 (kN) 3 (kN) 4 (kN)
Gb2 -192.25 -594.1 -754.44 -219.2
Gb4 -1076.28 -1300.26 -1919.97 -919.09
Gb6 -1694.07 -2240.94 -3102.24 -1542.23
Gb8 -2023.60 -2641.93 -3598.61 -1841.71

G 5. Dao dat tang ham thr 2 vathicang BB B. Thi cang san tAng ham tha 2 va san BB 7. Bao dat tang ham thir 3 va thi cang

cit téng 3

Hinh 8. Ma hinh cat chéing (g vai cac giai doan thi cong
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GD 3. Dao dét tang ham thi | va thi cng
tang |

tang |

BB 8. Dao dat tang ham thir 3, dai méng
va san tang 3



b. Két qua tinh toan

Két qua ndi luc ctia phuang phap top-down dugc thé hién nhu
hinh 9. Tai th&i diém cudi khi thi cdng dén san day luc doc dat -3950
KN, m6 men I6n nhat dat 374.13 KN.m va gia tri luc cat Ién nhat dat
201.39 KN.

wmd

o i L ol forces.

s -y i Falirs . e 355410340y

a. Chuyén vi cia he b. Biéu dd lyc doc

c. Biéu dd lyc cét d. Biéu dd md men

Hinh 9. Nai lyc cia hé cat chng

3.2.3. Nhan xét

Vi két qud nodi luc clia 2 bai toan, cé thé thay ring thanh chéng
ding c6 luc doc tang dan theo qua trinh thi cong, néu so sanh vai
phuong phép thi cong dao mé thi phuong phap top-down cé luc
doc truyén vé thanh dlng cao hon gap 43.8 lan, m6é men cao hon
gdap 2.45 lan va luc cat cao hon gap 3.28 lan so véi phuong phéap dao
mé.

Tinh toan theo phuong phéap top-down la kha phic tap, viéc xac
dinh tai tur san tang trén truyén xudng cét chéng theo giai doan thi
céng kho chinh xac. Do vay, thanh chéng ding yéu cau co tiét dién
I6n hon nhiéu so vai thanh chéng ding cla phuong phap dao mé,
thanh phai d kha nang chiu tai nhiéu tang san bén trén trong khi
c6t chua d6 bé tédng. Bén canh dé, san tang ham cé chiéu day 16n tir
200-400 mm mdi dam bao du kha ndng chong gilt tudng barrette
va lién két thanh chéng diing bang thép hinh véi dam san BTCT rat
phuc tap.

4. Kétluan

Thi cdng tdng ham la giai doan trién khai du an ngoai thuc dia,
khi d6 phuong phap thi cong quyét dinh dén chat lugng, tién do, an
toan va gia thanh cong trinh. Lua chon phuong phép thi cdng con
phu thuéc vao nang luc cla don vij thi cdng, do d6 khi lua chon
phuong phép thi cdng dao md, top-down hay phuong phap khac
can dugc don vi thiét ké dinh hudng lya chon va phuong phap phai
phu hgp véi dic diém két cau cong trinh.

Trong céng tac thi cong tang ham, déu phai s dung hé thanh
chéng dé chéng ds tudng chan dat va tai trong cong trinh truyén
xuéng. Do d, can lya chon thanh chéng @0 kha nang chiu luc va
dam bao an toan lao dong, don vi thi cong can tinh toan cu thé chi
ti€t cho céac thanh chéng va lua chon phuong an thi cong t6t nhat.

& bai viét nay tac gia da tinh toan cho mét cong trinh thi cong
theo 2 phuong phap khac nhau: phuong phap dao ma va top-down,
méi phuong phap dugc thé hién cac budc tinh toén riéng, cé uu
nhugc diém khéac nhau. Theo dé, phuong phap dao mé luu y can
kiém tra tinh toan thanh chéng ngang vi luc tir tudng chan truyén
vé thanh chéng ngang la chu yéu. Ngugc lai, d6i v6i phuong phéap
top-down luc truyén vé thanh chéng duing rat 16n, nén can kiém tra

kha nang chiu luc va d6 6n dinh cta thanh trong tat ca cac giai doan
thi cong.
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