CO SO THIET KE VA LUAN CHUYEN VAN KHUON KHI THI
CONG BE TONG LAM GIAU VUA G TUONG THUONG - HA
LUU DAP BE TONG PAM LAN

KS. Mai LAm Tuén, PGS.TS. Lé Vin Hung - DHTL

Tém tit: Cong nghé thi cong dip bé téng dam lian hién nay rat phat trién, da cé nhiéu
cdi tién trong viéc thiét ké va thi céng. Viéc ap dung bé tong lam giau vita ¢ twong thirong -
ha heu d@p dé chong tham va tao my quan cho ddp dang dwoc dp dung nhiéu & Viét Nam.
Bai bdo gidi thiéu cdc co s6 thiét ké va ludn chuyén van khuén cho viéc thi cong loai bé
tong nay o ddp RCC.

1. PAT VAN DPE

Cong nghé thi cong Bé tong dam lan (Roller Compacted Concrete - RCC) da va dang
duoc nghién ctru va tmg dung rong rdi, ddi v6i dap bé tong c6 khéi lugng cang 16n thi
hiéu qua ap dung cong nghé RCC cang cao. So voi dap Bé tong truyén thong
(Conventional Vibrated Concrete - CVC), dap RCC dugc thi cong véi cuong do 16n do
ung dung co gi6i hod cao nhu dung bang tai, 6 t6 tw d6 dé van chuyén bé tong, ding may
Ui dé san gat, lu rung dé ddm nén. RCC ¢6 uu diém so véi CVC khi thi cong dap boi tde
d6 nang cao dap nhanh, gia thanh ha. Pap RCC thi cong nhanh, gia thanh ha la do tng
dung co gidi hoa cao, sir dung it xi ming nén van dé nhiét trong bé tong khong nan giai,
cong tac van khuon it va don gidn hon, phan dgt phan khoanh thi cong khong phtrc tap
nén giam co ban cac cong tac phy... RCC thuong duge thiét ké M15 dén M25, khong st
dung c6t thép, ddm ting 16p nhu dam dat da. Ngoai viéc ung dung xay dung dap, RCC
con tng dung & cac linh vuc xdy dung nhu duong giao thong, san bii, bén cang (noi lu
rung di chuyén va dam dugc).

RCC lam giau vira (Grout Enriched Vibratable RCC - GEVR) duoc sir dung rong réi
tai nhitng Vl tri ma khong thé dung RCC nhu noi tiép gidp voi van khuédn, tiép giap voi
vai dap, tiép giap véi bé tong cii, co thé thi cong lién tuc va nang cao chat luong. Cong
tac van khuon cho thi cong dap RCC st dung GEVR ¢ mat thuong - ha Iuu hién nay da
va dang dugc tng dung nhiéu ¢ Viét Nam nhu cic dap Ban V&, Son La, Ban Chat, Lai
Chau ... . Tuy nhién, viéc xac dinh td hop luc tinh toan ciing nhu co s¢ dé tinh toan thiét
ké van khuon hién nay van chua c6 tai liéu nao dé cép cu thé nham dép mg chit lugng va
an toan trong thi cong.

2. CONG NGHE THI CONG GEVR

2.1. Giéi thiéu vé GEVR

GEVR 1a RCC duoc lam giau vira, goi tat 1a Bé tong lam giau. Day 1a mot giai phap
thay dbi tinh linh dong cia RCC dén mirc c6 thé ddm bang cac loai may dam ding cho
CVC bang cach thém vira ximing (thudng N/X = 0,5-0,6) voi luong nhat dinh. GEVR
doi hoi sir dung RCC cap phdi 2 (Dymex < 40-50mm) khi 1am giau vira, mot so tai lidu con
goi 12 Bé tong bién thai.

Thanh phéan cua vira lam giau thuong gdm xi mang, tro bay, phu gia va nuéc véi ty 18



N/CKD khong 16n hon ty 1€ N/CKD cua RCC. Luong vira lam giau dugc xac dinh thong
qua thi nghiém. Trong qua trinh thi cong, GEVR va RCC ¢6 thé dugc thi cong dong thoi
hozc 1an luot, vira lam giau nén twdi ¢ dudi ddy va gitra mdi 16p rai RCC. Chiéu day 16p
GEVR bang chiéu day 16p ddm RCC. Cong tac dam can duoc hoan thién trong khoang
thoi gian qui dinh phu thuge vao thoi gian ninh ket cua hai loai bé tong.

O phan tlep gidp v6i vai dap, trudc khi thi cong can rai mot 16p RCC, sau d6 lam giau vira.
Viéc rai va dam bé tong thuong dugc hoan thanh trong vong 2 gio ddi véi nhiéu cong trinh &
Viét Nam.

Bé mit mai doc d4 vai dap hay ¢ bé mit tiép giap bé tong cii can phai dugc 1am sach
truée khi duing GEVR. P4 xung quanh hodc bé mit doc phia trén 16p GEVR di hoan
thién cling can duge don sach trude khi thi cong 16p tiép theo.

Trudng hop trude khi duoc dam chat bang may dam dii ma GEVR di qua thoi gian
ninh két ban dau thi phai d& bo va thay thé boi GEVR moi.

2.2. Cac hinh thirc cAu tao mit cit dap RCC

Céc hinh thtrc ciu tao mat cét dap RCC chu yéu ¢0 3 hinh thirc sau:

1 - CVC bao boc phan bién ngoai dap, phan 18i 1d RCC (Hinh 1.a). Pay 14 hinh thirc
“vang boc bac” theo phuong phép truyén thong ciia Nhat ban. O Viét Nam, cac dap ap
dung hinh thurc nay 1a dap Pinh Binh, dap Pleikrong...

2 - Moéng dap 1a CVC, thugng luu va ha luu 1a GEVR, 161 dap 1a RCC (Hinh 1.b). Céc
dap & Viét Nam 4p dung hinh thtrc nay kha nhiéu nhu Son La, Ban V&, Ban Chat, Pong
Nai 3, Déng Nai 4, Lai Chau...

3 - Moéng dap va tuong thuong luu 1a CVC, sau tuong thuong luu va ha luu 1a GEVR
(Hinh 1.c). O Viét Nam, cong trinh dap Nudc Trong da 4p dung hinh thirc nay.
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Hinh 1: Cdc hinh thirc cdu tao mdt cdt ddp RCC

2.3. Cong ngh¢ thi cong GEVR

2.3.1. Quy trinh thi cong GEVR

+ Tai phan tiép gidp voi van khudn, véi bé tong cii, v6i két cdu chon sin... thudong
dung GEVR. Trudc hét rai 16p RCC moéng 10+15cm, sau d6 r6t GEVR theo dinh lugng;

+ Dung gao hodc voi dé rot vita 1én 16p RCC chwa dam. Lugng vira can dung tuy
thudc vao do rong va ham lugng chét két dinh ciia hdn hop RCC;

+ Dung dam dui ¢6 chiéu day ddm thich hop dé dAm cho dén khi vita ndi 1én trén mat
cta 16p GEVR, twong ty nhu ddm CVC;

+ Poan tiép giap gitta GEVR va RCC dugc dam bang lu rung ¢& nho.

2.3.2. Nhitng van dé can chit y trong qud trinh thi cong GEVR

+ Nén thi cong dong thoi 16p GEVR va 16p RCC than dép;

+ Noi tiép giap gitta GEVR va RCC nén xir Iy mot cach can than;



+ Hai loai bé tong xen k& rai san ddm, GEVR phai duoc dim xong trudc thoi gian
ninh két ban dau;

+ RCC phai ¢dam xong trudc thoi gian cho phép gidn cach giira hai 16p dam.

2.3.3. Van khuon khi thi cong GEVR

Phuc vu thi cong dap RCC khi ¢ st dung GEVR ta c6 thé sir dung cac giai phap két
c4u van khuon khac nhau, thong dung va tién lgi nhét hién nay la st dung van khudn dinh
hinh. H¢ thdng van khuén dinh hinh tang trén (dang thi cong bé tong) lién két véi van
khuon cac ting dudi dd duoc neo vao bé tong thi cong trude d6 nhd hé thdng cac lién két.
Van khuén nay duogc sir dung luan chuyén theo tang. Vi du: trudng hop dung 5 ting van
khuon, tang 1 chuyén lén ting 5, tang 2 chuyén 1én ting 6, v.v...

2.4. Ap lwe ngang ciia RCC Ién van khudn

CVC va RCC khéc nhau rat 16n vé thanh phan cép phdi va bién phap dam chit. Sy
khac nhau d6 dan dén nhfmg khac biét vé ap luc ngang 1én van khuén.

Cac yeu t6 anh huong dén ap luc ngang cia RCC 1én van khuon ¢ nhiéu loai. Tuy
thudc diéu kién thir nghiém va quan diém cua ngum nghién ciru dé dua ra phuong phap
tinh toan khac nhau. Cing mot diéu kién tham s6 nhu nhau dua vao cac cong thirc tinh
toan khac nhau s& cho céc tri sd ap luc chénh I¢ch dén vai lan. Vi vay, cho téi nay van
chua ¢ cong thirc chung dé tinh 4p luc ngang cia RCC 1én van khuon, chi ¢ thé dya vao
su phat trién cuong d6 bé tong & cac tudi, két hop voi diéu kién thi cong cu thé ma dua ra
cac thi nghiém can thiét, rdi tim ra cc cong thirc tinh toan tuong (mg. Bang 1 gidi thiéu
két qua thi nghiém 4p luc ngang ciia RCC 1én van khudn mg vé6i s6 1an ¢am chat tai mot
cong trinh ¢ California.

Bang 1: Quan hé dp lwc ngang véi sé lan dam lan

Noi thr SO lan dam bang Ap luc 16n nhat khi lu rung | Ap luc khi lu tinh
may dam tay (KN/m?) (KN/m?)
4 3,75 -
6 4,22 -
Mau thir md 8 4,45 3
phong dap 10 4,17 2,75
bang 12 5,21 2,75
California 14 5,21 3,25
16 4,79 -
18 4,79 -

Ti bang 1 ¢o thé thdy ap luc dong ngang ciia RCC 18n véan khuén ting theo sb 1an dam,
dén mot so lan dam nhat dinh thi bé tong dac chac va ap luc ngang c6 giam chut it.

3. TINH TOAN KET CAU VA TRINH TU LUAN CHUYEN VAN KHUON

3.1. Co s6 dé thiét ké va trinh tw luan chuyén van khuédn

Van khuon phai ¢dam bao c6 bé mit phang nhin, dii kha nang chiu lyc khi lam viéc
dudi tdc dong cua tai trong ban than, ap lyc ngang do né hong cia RCC trong qué trinh
dong cumg, tai trong cuia ngudi va cong cu thi cong, ap luc ngang khi dam.

Khi thi cong dap RCC c¢6 str dung GEVR, ngoai cac yéu cau can phai bao dam vé ung suat
nhiét, vé chat lugng cua bé tong néi chung thi van dé can duoc xem xét mot cach nghiém tac

do la:

+ On dinh cta dap: Trong qua trinh thi cong, ddp khong bi truot dudi tac dung cua tai
trong ban than RCC, tai trong lu rung, tai trong cua van khuon...




+ Trinh ty ludn chuyén van khuon: lip dung va luu lai bao nhiéu tang van khuén &
phia dudi.

Hién nay, viéc luan chuyén van khuén chu yéu la theo kinh nghiém, can co co s6 tinh
toan khoa hoc dé thiét ké két cdu van khuén va trinh ty luan chuyén thich hop.

3.2. Tinh 6n dinh tong thé ciia khéi bé tong

Theo tién d6 thi cong RCC, thong thuong thoi gian dé thi cong xong mdi 16p dam
RCC day 0,3m 1a 16 gid. Thoi gian dé thi cong dugc mot tang van khudn c6 chiéu cao 3m
khoang 6,66 ngay. Cac gia tri ¢ va C tai 6 ting van khudn va s6 ngay thi cong twong tng
theo bang 2 duoc xac dinh trén co so tai liéu thi nghiém @va C ciia RCC & tudi 90 ngay
ctia dap Pinh Binh [1] va biéu db phat trién nhiét 46 trong RCC theo thoi gian [6].

Bdng 2: Gid tri ¢ va C tai cdc tang vdn khuén

Tang van khuon 1 2 3 4 5 6
Ngay 40.00 33.33 26.66 20.00 13.33 6.66
f 1.176 1.173 1.167 1.153 1.137 1.105
[0) 49.6 49.5 49.4 49.1 48.7 47.8
C (Mpa) 1.788 1.772 1.745 1.673 1.594 1.432

a. Cac luc tac dung khi tinh on dinh

1. Tai trong ban than cua cac 16p RCC: Céac 16p RCC tng véi cac tang van khudn co
gia tri y, C nhu hinh 2.

2. Téai trong ban than cia van khuén. Trong so dd, van khudn duge mo hinh 1a mot 16p
vat lidu c6 y = 10KN/m’; ¢ = 60° C = 2,0Mpa.

3. Tai trong cua nguoi va phuong tién thi cong (ql)

4. Luc tac dong khi do, san, dam RCC (q2)

Luc ql va g2 ldy gia tri 16n nhét bang tai trong khi ddm RCC. Tinh toan véi lyc dam
16n nhat 1a 14 tin (twong duong 140KN).

b. So' do tinh toan

100+
Van khubn
q

13780 < P11

6p 6 Ngdy 6.6  9=47.8 C=1.432 ¥=2.45
+375.0 <

6p5  Ngdy 13.3 9=487 C=1594 ¥=2.45
43720 <

6p 4 Nqdy 20.0 6=491 C=1673 Y=2.45
+360.0 < » 9%y

6p 3 Nqdy 26.6 6=49.4 C=1745 Y=2.45
13660 < P 9%y

6p 2 Ngdy 33.3 =495 C=1772 7¥=2.45
+363.0 <

6p 1 Nqdy 40.0 6=49.6 C=1788 Y=2.45
+360.0 i 9%y

Nén da

Hinh 2: So do tinh todn én dinh khéi bé téng
c. Yéu cdu tinh todn
Tinh toén 6n dinh tong thé khi bé tong theo hai trudng hop:
+ THI: Mit truot cit ngang qua cac khe nang;




+ TH2: Mit trugt cit chéo qua céc 16p bé tong.

d. Két qua tinh todn

+ THI: K=16,1

+ TH2: K=25,6

3.3. Tinh toan ndi lrc trong hé théng vin khuén

a. S6 liéu tinh todn

Tinh toan noi lyc cta hé thong van khudn theo mo hinh khong gian tmg véi bé rong
cliia mot tdm van khuoén B= 3m.

Ap luc ngang ciia van khudn: véi chiéu cao 90 cm ciia 3 16p RCC, tinh toan van khudn
véi ap luc ngang 1a 5,5KN/m” (Hinh 3.a)

b. Yéu cau tinh todn

Tinh chuyén vi ngang cua ting van khuén trén cung tai diém c6 chiéu cao h=0,9m
(diém A) va dinh van khuén H=3m (diém B).

Xac dinh lyc neo tai cac hang neo, luc cit tai dau neo tiép giap voi mat van khuodn, luc
doc trong cac thanh khung van khuén.

c. Két qua tinh todn

Chuyen vi ngang ctia van khuon tai diém c6 chiéu cao h=0,9m (dlem A) la 4mm.

Chuyén vi ngang ctia van khuén tai dinh van khuon H= 3 Om (dlem B) [a 6mm.

Luc kéo trong cac thanh neo tai cac hang neo va luc cit tai dau thanh neo duoc téng
hop trong bang 3.

Luc doc trong cac thanh khung van khuén (Hinh 3.b va 3.c)

Bdng 3: Bdng tong hop két qud tinh todn ndi lwc van khudn

I S e
: Hing nea 2 09 Ting vin khuon
i EZE: E:g 3 :8245“1) 8223‘ Tang van khuon 4
; Hing neo 5 0 049 Ting vin Khuon 3
; Han o3 o 036 | Ting vin kiuon2
T EZEE Y o1 07 Téng vén khuon 1

Tinh toén tuong tu dbi voi 3 16p dam tiép theo, va 4 16p dam trén ciing. Chuyén vi tai diém
B lan luot 1a 10mm va Smm.

Nhu vay, chuyén vi tai diem B khi thi cong RCC dén hét chiéu cao tam van khuon 1a
2,1cm.




316p RCC diu tién

a - So do tinh;

b - Luc doc cua cac
thanh trong mo
hinh khong gian;

¢ - Luc cua cac thanh
tai mat phang qua
cac thanh khung
van khuén (KN)

(@) (b) (c)

Hinh 3: Tinh toan noi lyc ciia hé thé’ng van khuon

KET LUAN

Cong tac van khudn cho mai thuong luu, ha luu dép RCC s dung GEVR can st dung
van khuon dinh hinh, tu chong dd dua vao cac tang van khuon cuia 16p bé tong da thi cong
truge d6, luan chuyén nhiéu lan, co gisi hoa va lip dung nhanh.

Vén khuon phai dam bao bén, cung, on dinh, gon, tién dung, dé thao lép, luan chuyén
dugc nhiéu 1an. Cong tac van khuon khong gay khé khin, trd ngai cho céc cong tac khac,
kinh té va dam bao an toan trong thi cong.

Tinh toan 6n dinh truot téng thé cho thdy toc do 1én dap khong anh hudng nhiéu dén
kha nang on dinh trugt cia khéi RCC.

Luc doc trong thanh neo 1a co s& dé xac dinh duong kinh thanh neo, chiéu dai neo va
moc & dau thanh neo. Két qua tinh toan cho thiy luc kéo chi xut hién & 2 hang neo trén
cung. Khi thiét ké va thi cong thanh neo can quan tim dén hai hang trén cing nay. Luc
cit & dau thanh neo (phan tiép giap voi mat van khudn) 1a co so dé xac dinh kich thuée
duong kinh thanh neo. Pudng kinh thanh neo phai dam bao du chiu luc, khong bi kéo dut
hodc cét dut.

Bién dang tinh toan ctia van khuon & ting dang thi cong 14 co sé diéu chinh cho dinh
van khuon nga vao phia than dap phuong ngang khi lip duyng nhim dam bao mit khoi
RCC thang dtng hay nghiéng dang theo thiét ké.

Muc dich chinh cta viéc sir dung nhiéu ting van khuén 1a triét tiéu luc doc trong cac
thanh khung cua van khuon, gitp hé thong van khuon lam viéc an toan. Vi€c tinh toan 5O
tang van khuon dé luan luu chinh 1a viée tim xem dén tang van khuon nao luc doc bi triét
tiéu du nho, dong thoi kiém tra bién dang cta tdng van khuon trén cung. Két qua tinh toan
noi lyc ciia hé thong van khuén cho thy trong 5 ting van khudn neo vao bé tong da thi
cong thi tang dudi cung (tang sb 1) chiu lyc tac dung nho, anh huong khong dang ké t6i
hé théng van khuén.

Van d¢ xac dinh cuong do chdng cit cia RCC trong nhing ngay ddu moi thi cong
xong va xac dinh 4p luc ngang 1én van khuon van chua dugc nghién ciru day du. Vi vay,
can phai dugc nghién ctru va thi nghiém dé c¢6 co so chinh xac phuc vu thiét ké va thi
cong.
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Abstract:

BASE OF DESIGN AND USE COFRAGE FOR CONSTRUCTION OF GROUT
ENRICHED VIBRATABLE RCC AT UPSTREAM AND DOWNSTREAM FACE OF
RCC DAM

Mai Lam Tuan & Le Van Hung - Water Resources University

Construction technology of Rolled Compacted Concrete (RCC) is developed. There are
invents of design and construction RCC dam. Grout Enriched Vibratable Roller
compacted concrete (GEVR) is used for upstream and downstream face RCC dam in
Vietnam. The paper introduce bases of design and use cofrage for this kind of concrete in
RCC dam.



