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LOI MG PAU

GIAO TRINH MAY XAY DUNG:
TU LY THUYET PEN THUC TIEN CONG TRUONG

Cudn gido trinh M4y Xay Dung: Tir Ly thuyét dén Thuc tién Céng truong” dugc bién
soan dua trén mot triét Iy su pham cdt 16i: Mt cudn sach gido khoa vi dai khong chi truyén
dat kién thitc, ma con kién tao nén tu duy ctia mot ngudi k¥ su.

Trong nhiéu nim giang day va thuc tién cong trudng, ching t6i nhan thiy khoéng céch 16n
gitta kién thdc han 1am va yéu cdu thuc té. Sinh vién can biét khong chi ”Cai may 1a gi?”’ ma
cdn phai biét ”Ngudi ky su s€ 1am gi véi cai may d6?” va ”Lam thé nao dé ra quyét dinh
kinh t€ - k§ thuat t6i wvu?”

V6i tinh than ”ldy ngudi k¥ su lam trung tAm”, cudn sich nay khong di sau vao chi tiét
co khi phtic tap, ma tap trung vao kha ning lua chon, di¢u phdi, quan Iy chi phi, va dam bao
an toan cho & hop mdy méc. Mbi chuong déu dudc 1dng ghép céc Case Study Thuc t€, Kinh
nghiém Cong trudng dic két tif hang chuc ndm kinh nghiém, va cdc bai todn tinh hudng dé rén
luyén tu duy phan bién va ky ning ra quyét dinh.

Gido trinh dudc ciu tric thanh 12 chuong, tuan thit mot trinh tu cdng nghé thi cong logic: tir
cong tdc dat nén tdng, qua nén méng, phan than va logistics vat liéu, dén hoan thién mit dudng,
va két thdc béang cdc chién ludc quén 1y, an toan va tim nhin vé tuong lai 4.0.

Chiing t6i tin riing cudn gido trinh nay s& 12 mot cdy cau virng chic ndi lién giang dudng véi
cong trudng, trang bi cho cdc ban nhiing cong cu tu duy sic bén nhit dé tu tin trd thanh nhiing
ngudi kién tao cong trinh vi dai.

Tran trong,

NGUYEN PHU HOANG
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Biéu dd diéu phéi dat (Mass-Haul Diagram). Truc tung 1a khdi lugng dét tich
liiy (m3): doan déc 1én 1 dao (Cut), doan déc xudng 1a dip (Fill). Pudng cn
bing nim ngang cit dudng cong tai hai diém c6 cling tung do — trong khoédng
d6 khdi lugng dao bang khoi lugng ddp. Dién tich S gitta dudng cong va dudng
cén bing (m3-m) ding dé tinh cu ly van chuyén trung binh: L = S/V. . ... 26

So sanh hiéu qua dim nén: L6p mdéng (Ding) vs Lép day (Sai).. . . . . . . .. 31
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€ déunimduSidudngndy. . . . . . ... .. 32
Céc loai thiét bi dAm nén phd bién trén cong trudng. . . . . . . . . . . .. ... 33
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tim dé; toan by dit dao phai thu hdi va can ngay (W; ), ddng thdi 1dy ~200
g dé sdy xdc dinh do 4m w — thiéu hai s6 liéu nay thi khong thé tinh dugc y .
Thé tich h6 dao suy ra tf lugng cét da 1ap hd: V5 = (W) — W, — C) /¥ g (Vi
W,, W, la khéi luong binh cét trudc va sau khi rét, w 12 dd 4m cuia dar); tir d6
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S6 d6 day chuyén cong nghé tram tron bé tong xi mang. Cdt liéu (cét, da) chia
trong phéu va xi ming chia trong silo kin, dugc dua Ién bang biang tai va vit tai.
Budc then chét 1a Pinh lugng (Dosing / Weighing) — mdi loai vit liéu dudc
can riéng trén hé thdng can dién ti ddc 14p, quyét dinh Méc bé tong. Sau d6 céc
thanh phan dugc x4 vao mdy tron, rdi x4 xudng xe tron bé tong. . . . . . . . . . 66
S6 do phan loai mdy tron bé tong. Hai tiéu chi phin loai chinh 1a phuwong phap
tron va cach b tri thiing. Trong thuc té, mdy trén cudng birc W dudc ding

& hau hét cdc tram tron hién dai vi cho chit luong bé tong dong déu hon hén. . . 67
S¢ do day chuyén nghién sang d4 theo chu trinh kin. . . . . . .. ... ... .. 69
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Phan biét hai loai mdy bom bé tdng phd bién. (Anh: Wikimedia Commons — gidy phép

CCO) o e e e e e 73

Quy trinh thi nghiém kiém tra D0 sut (Slump Test) theo TCVN 3106:2022. Bé
tong dugc do vao con 3 16p, ddm mdi 16p 25 nhat (v6i con N1), gat phdng miéng
c6n rdi nhéc con thing ditng trong 5-10 gidy. Do sut 1a chénh 1éch chidu cao
gitta dinh con ban diu va dinh khdi bé tdng sau khi sut. Coén N1 tiéu chuin:

dudng kinh dinh 100 mm, dudng kinh ddy 200 mm, chiéu cao 300 mm. . ... 75
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CHUONG 1

TONG QUAN VE MAY XAY DUNG VA
PONG LUC MAY

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha ning:
1. Trinh bay dugc vai trd va tAm quan trong clia c¢d gidi hda trong xay dung hién dai.
2. Phan biét dugc ba phuong phap phan loai mdy xay dung chinh.
3. Nhan biét va giai thich dugc y nghia cc thong s6 ky thuit co ban (Spec Sheet).
4. Ly giai dudc tai sao dong cd Diesel 1a lua chon uu tién (dic tinh md-men xodn).

5. Mo ta duge nguyén ly va uu diém ctia Hé thong truyén dong thiy luc.

6. Xéc dinh duge bon vai trd c6t 16i ctia ky su xay dung ddi v6i may méc.

Loi m& dau: Chao miing cdc k¥ su tuong lai dén véi hoc phan M4y Xay Dung. Chuong 1
s€ 12 vién gach nén ting cho toan bd hoc phan, tra 15i ba cAu hdi 16n: Tai sao can may xay dung?
Chiing dugc phan loai thé nao? Va diéu gi tao nén stic manh cho chiing?

1.1 VAITRO VA TAM QUAN TRONG CUA CO GIOI
HOA

Co gi6i héa xay dung 1a viéc sti dung mdy mdéc dé thay thé va hd trg sic lao dong con ngudi.
Nhiing 1gi ich cdt 16i bao gdom:

+ Ting niing suit lao dong: Ting hang chuc, hang trim 14n so vdi thii cong.
+ Riit ngin tién do thi cong: Piy nhanh tdc d6 cic hang muc.

+ Nang cao chit lugng: Loai bo sai s6 va su khong 6n dinh ciia con ngudi.
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* Dam bio an toan lao dong: Giai phéng con ngudi khdi vi trf nguy hiém.

* Thuyc hién cong viéc phitc tap: Thi cong cong trinh quy mo 16n, k¥ thuét cao.

Hinh 1.1: Toan canh dai cong trudng véi su tham gia cla cd gidi héa. (Anh: Cong truong chg Pa
Lat, Viét Nam — Wikimedia Commons, Public Domain)

1.2 PHAN LOAI MAY XAY DUNG

D& khong bi “ngdp”, ngudi kj su cin st dung céc tiéu chi phan loai sau:

1.2.1 PHAN LOAI THEO CONG DUNG (FUNCTION)

Day 1a cach phan loai quan trong nhét, gitip hinh thanh tu duy hé thong vé& cong ning clia thiét
bi ("C4i mdy nay ding dé LAM GI?*).

122 PHAN LOAI THEO HE THONG DI CHUYEN (MOUNTING)

Quyét dinh kha ning thich Ging ctia mdy véi dia hinh ("Céi may nay DI LAI bang gi?”).
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Béang 1.1: So sanh Mdy banh xich va Mdy bénh 16p

Tiéu chi May banh xich (Crawler) My banh 16p (Wheel)
Uu diém - Ap suit 1&n nén dit nhd. - Téc d6 di chuyén cao, co dong.
- Bam t6t, luc kéo 16n. - Khong phd hong mit dudng.
Nhugc diém - Téc do cham. - Yéu ciu nén dat tdt.
- Gay hu hdng miit dudng. - D6 6n dinh thap hon khi tii ning.
- Tén chi phi van chuyén xa.
Ung dung Mdy dao, Gi trén nén dit yéu, dia Mady xdc 1at, mdy san trong do thi, di
hinh phiic tap. chuyén nhiéu.

Case Study: Bai toan lua chon may dao

* Du 4n A (Sita chita dudng dé thi): Phii dung may dao banh 16p (vi tinh co dong va bio
v€ mat duong nhya).

 Du 4n B (Nao vét kénh sinh liy): Phii ding may dao banh xich (vi cin luc bdm va kha
ning 16i bun).

1.2.3 PHAN LOAI THEO NGUON PONG LUC

Cha yéu 1a Dong co Diesel (mdy co dong) va Dong co Dién (mdy cd dinh).

1.3 CAC THONG SO KY THUAT CO BAN (SPEC SHEET)

Bang thong s6 k¥ thuat 1a s yéu ly lich” ctia may.
 Cong suit dong cd (Engine Power): Stic manh ngudn phat (HP hoiic kW).

e Trong lugng van hanh (Operating Weight): Quan trong dé danh gi4 ap luc 1én nén dat
va su 6n dinh.

+ Thong sb dic trung: Dung tich giu (mdy do), Stic nang (cin truc)...

© Ghi chii ciia K§ su: Su danh ddi (Trade-off)

Hay ludn ghi nhé sw danh ddi. Vi du: Vi cin truc, khi TAm véi ting 1én, Strc nang phai giam
xudng dé dam béo 6n dinh. Hiéu rd mbi quan hé nay 1a chia khéa dé van hanh an toan.

1.4 PONG CO DIESEL - NGUON SUC MANH

Hon 90% mdy xay dung dung dong co Diesel vi dic tinh ky thudt vugt trdi.
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1.4.1 NGUYEN LY HOAT PONG

Hoat dong theo chu trinh 4 ky: Nap - Nén - N6 - Xa. Nhién liéu tu boc chdy do dp suit nén cuc
cao (ty s6 nén 15:1 dén 22:1).

1.4.2 TAI SAO CHON DIESEL?

Kién thitc cbt 16i: M6-men xoin (Torque) 12 Vua!

My x4y dung cin sitc manh bén bi (stic kéo) hon 12 toc d6. Pong co Diesel tao ra Mo-
men xoin cuc 16n & vong tua thap, cho phép mdy Gi, mdy dao thing dudc stic can khdng
10 ctia dit d4 ma khong bi ”chét mdy”.

1.5 HE THONG TRUYEN PONG THUY LUC

/l:I Tai trong

Tay don

—

Van diéu khién Dau (e

BOM THUY LUC CO CAU CHAP HANH

Hinh 1.2: SO do nguyén Iy hé théng truyén dong thily luc co ban.

Day 1a ”’hé tuan hoan” ning lugng ctia may hién dai.
» Nguyén ly: Pong co quay Bom thiiy luc — Dau cao 4p — Van diéu khién — Xy-lanh/Mé-to
thity luc.
+ Uu diém vuot troi:
— Khuéch dai lvc 16n: Nho nguyén ly Pascal.
- Piéu khién chinh xdc, ém diu: Ly tudng cho thao tic dao, ning.

— Thiét ké linh hoat: Diing 6ng dan diu thay vi truc co khi cdng kénh.
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E. Vidu So cip: Nguyén ly Pascal
Hinh dung mdt ban nang ria xe 6 to.
e Luc tdc dong nho (F;) vao piston nho (tiét dién S).
+ Ap suit truyén di nguyén ven: P = F,/S,.
* Tai piston 16n (nang xe) c6 tiét dién S, (16n gip 100 lan S;).
e Lucnang taora: F, = P x S, = F; x 100.

— Két luan: Chi cin mot luc tay nho c6 thé nang bdng ca chiéc 6 t6. D6 1a stic manh cilia
thiy luc.

1.6 VAITRO CUA KY SU XAY DUNG POI VOI MAY
MOC

A Tu duy sai lam cén loai bd

Hoc mdy xay dung khong phéi dé tr& thanh thg van hanh hay thg co khi.

Vai tro thuc su cia ban — Nguoi nhac trudéng trén cong truong:

1. LUA CHON (To Select): Dua vao yéu cau k¥ thuat, bién phdp thi cong va diéu kién mit
biing, ban phai quyét dinh: Diing mdy dao giu 0.8 m> hay 1.2 m3? Duing cin truc thdp leo
trong hay tu ding?

— Lua chon sai sé gdy lang phi hang ty dong va lam chdam tién do.

2. PIEU PHOI (To Coordinate): Ban phai b6 tri may méc 1am viéc v6i nhau mot cach nhip
nhang. Can bao nhiéu xe ben dé phuc vu mot mdy dao? Vi tri diing ctia cin truc & dau dé
c6 tdm v6i hiéu qua nhat?

— Dady la bai todn t6i wu héa ndng sudt.

3. QUAN LY (To Manage): Ban phéi hiéu céc thong s6 co ban dé 1ap k& hoach, du trd chi

phi (nhién liéu, bdo dudng), va giam sat hiéu qua lam viéc ctia mdy.

4. PAM BAO AN TOAN (To Ensure Safety): Ban 1a ngudi chiu trdch nhiém cao nhét v&
an toan trén khu vuc minh phu trach. Hiéu vé mdy méc la diéu kién tién quyét dé nhan
dién rti ro va thiét 14p céc quy tdc an toan.

Chiing ta hoc v& “cdi mdy” dé c6 thé ”’dung ngudi 14i may” va ”quan Iy cai may” mot
céch hiéu qua nhat.
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TOM TAT CHUGNG

Chuong 1 da trang bi nhiing kién thiic nhAp mon quan trong nhat, 1a vién gach nén tang cho toan
bd hoc phan. Chiing ta di hiéu ring co giéi héa la xuong sdng ctia nganh xay dung hién dai,
mang lai 16i ich to 16n vé ning suit, tién do, chit lugng va an toan (Muc 1.1).

Miy méc dude phan loai chii yéu theo cong dung, hé théng di chuyén (banh xich cho nén
yéu, banh 16p cho db thi), va nguén dong huc (Diesel/Dién). Viéc doc hiéu cic théng s6 k§
thuit co ban (Cong suit, Trong luong, Dung tich Gau, TAm véi) 1a budc dau tién dé lua chon
mdy (Muc 1.2, 1.3).

Di siu vao bén trong, ching ta di khdm phd ra “trdi tim” cung cip ning ludng la dong co
Diesel va Iy giai tai sao né 14 vua” trén cong trudng: nhd kha ning tao ra Mé-men xofin cuc
16n & vong tua thap (Muc 1.4). "Hé tuin hoan” truyén ning lugng 13 Hé théng truyén dong
thiy luc, ndi 1én nhu mot cong nghé cdt 16i nhd kha ning diéu khién chinh x4c va khuéch dai
Iwe manh mé (Nguyén ly Pascal) (Muc 1.5).

Cudi cuing, va quan trong nhét, chuong hoc da dinh hinh 1o vai tro ctia mot ky su x4y dung:
khong phai 1a ngudi 14i may, ma la ngudi ’Nhac truéng” c6 di kién thic va trach nhiém dé thuc
hién bén vai tro c6t 16i: Lura chon, Pi¢u phdi, Quan Iy, va Pam bio An toan cho ci mot "dan
nhac” mdy méc (Muc 1.6). Day chinh 1a nén tdng tu duy s& theo sudt cdc ban trong cdc chuong
tiép theo va trong ca su nghiép sau nay.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay 5 1¢i ich chinh cta viéc co giGi hda trong xay dung.

2. So sanh cédc vu, nhugce diém cta hé thong di chuyén bdng banh xich va banh 16p. Cho vi
du v& mot cong viéc ma bit budc phai dung mdy banh xich.

3. Ly gidi tai sao dong co Diesel lai dudc uu ti€n st dung trén may xay dung so v4i dong co
xdng (nhin manh vao dic tinh k§ thuat).

4. Tai sao hé thdng truyén dong thiy luc lai dugc st dung phd bién trén may xay dung hién
dai? Hay gidi thich ngin gon nguyén 1y khuéch dai lue ctia né.

5. Néu va phan tich 4 vai tro c6t 18i va trach nhiém bao triim ctia mot k§ su x4y dung ddi véi
mdy moc thiét bi tai cong trudng.

B. BAI TAP VAN DUNG

Bai tap 1.1: Phan tich tinh hudng lya chon may
Mot nha thiu dang chuén bi thi cong hai du 4n nho:

e Du 4n A: Don dep va san gat lai mdt bing mot sdn béng d4 mini trong thanh phd, mit
bang hién hitu 12 san cd trén nén dat ctng.

e Dy 4n B: Dao mot con muong thoat nude dai 200m qua mot khu vuc dit rudng mém va
hoi ldan.

Ho dang phan van giifa viéc thué mot mdy dao banh xich nhé hodc mot mdy dao banh 16p c6
cung dung tich giu. V§i vai tro 1a k§ su tu van, ban hay:

1. Dé xuat loai may (banh xich hay banh 16p) cho tiing du 4n.

2. Giai thich 1y do lua chon ctia ban cho tiing trudng hdp, dua trén c4c vu va nhuge diém cla
mdi loai hé thdng di chuyén.

Bai tap 1.2: Tu duy quan ly

Mot méy dao dudc ghi trong catalogue ¢6 cong suit dong co la 150 HP. Mot thg van hanh méi
vao nghé cho riang mdy nay chic chin s& yéu hon mot may khéc ctia hang khac ¢6 cong suat 160
HP. Dua vao ”Ghi chi ctia Ky su” da hoc, ban sé& gidi thich cho ngudi thg van hanh d6 nhu thé
nao dé anh ta hiéu ring cong suit dong co khong phéi 12 yéu td duy nhét quyét dinh siic manh
dao ctia may?
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CHUONG 2

NHOM MAY LAM PAT (PHAN 1) - MAY
PAO VA MAY UI

MUC TIEU CHUONG 2

Sau khi hoc xong chuong nay, sinh vién c6 kha niang:
1. M# ta dugc ciu tao chi tié€t va chiic ning ctia cdc b phan chinh trén mdy dao va mdy Ui.

2. Phan biét dugc cong dung, nguyén ly, va pham vi Ging dung ctia Mdy dao (Excavator) va
May ti (Bulldozer).

3. Gidi thich dugc khai niém ”Chu ky 1am viéc” (Cycle Time) va cic yéu t6 4nh hudng dén
ning suit thuc té.

4. Tinh todan dugc ning suit k§ thuat va nidng suat thuc té€ cd ban ctia mdy dao.

5. Ap dung kién thitc dé phan tich va lwa chon loai mdy phit hgp cho mdt bai todn cong tac
dat cu thé va nhan dién Ving nguy hiém (Danger Zone) co ban.

Loi m& dau chuong: Sau khi di c6 cdi nhin tdng quan & Chuong 1, tif chuong nay, ching
ta s& di sau vao tiing nhém mdy cu thé. M& dau cho hanh trinh nay 12 hai ’ga khdng 16” ma bt
ky ai budc chan ra cong trudng ciing sé gip dau tién: Mdy dao va M4y ti. Chiing 1a nhiing cb
mdy chi luc, 1a xuong séng ctia moi cong tdc dit, tir viéc dao hd méng nhé dén san 14p miit bing
quy md 16n. Viéc lam chii kién thiic vé& hai loai mdy nay, hiéu 16 s& trudng va su phdi hop cia
ching, chinh 1a k§ ning nén tng v thiét yéu nhat ctia mot ngudi k§ su hién trudng.

2.1 MAY DAO (EXCAVATOR) - ”NHA VUA” CUA CONG
TRUONG

May dao, 1a loai mdy lam dit da ndng va linh hoat nhat. N6 dudc vi nhu “con dao da ning” trén
cong trudng, c6 kha ning thuc hién vo s6 cong viéc khdc nhau.
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2.1.1 CONG DUNG VA PHAN LOAI

Hinh 2.1: M4y dao banh xich hién dai trén cOng trudng. (Anh: Wikimedia Commons, gidy phép CCO)

Cong dung da nang

¢ Cong dung chinh: Dao dat dudi mic mdy ding va bdc xiic vt liéu 1én phuong tién van
chuyén.

» Céc cong dung khac: Pha d& cong trinh (khi 13p bda phd d4), ciu 1dp ciu kién nhe, san
gat taluy.

Phan loai theo co cAu cong tac

 a. May dao giu nghich (Backhoe Excavator): Loai phd bién nhét (trén 95%). Pao
biing cdch kéo gau vé phia than mdy. Chuyén diing dé dao sau xudng dudi mit bing may
dtiing (méng, ting ham, kénh muong).

« b. My dao giu thuin (Power Shovel): Dao bing cich diy giu ra xa va hudng 1én
trén. Chuyén dung dé dao vao vach dat dd & vi tri cao hon mit bing mdy diing (khai thac
mo, san gat doi nui).
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Béang 2.1: So sdnh may dao gau nghich va gau thuin

Tiéu chi Gau nghich (Backhoe) Gau thuan (Power Shovel)
Tén suit sit dung  Phd bién nhét (trén 95%) It gdp (chii yéu & mo)
Huéng dao Kéo giu vé phia thin mdy Piy giu ra xa va huéng 1én
Vi tri dao Dudi miic mdy ding Cao hon mit bing mdy ding
Ung dung Moéng, tng ham, kénh muong Khai thdc mo, san gat ddi ndi

Phan loai theo hé théng di chuyén

(Xem lai C1) Mdy dao banh xich (6n dinh, 1am viéc trén nén yéu) vd M4y dao banh 16p (co dong,
dung trong do thi).

© Case Study Thuc té: ”Van dong vién Chuyén nghiép” va ”Anh chang Pa niing”

Mady dao (Excavator) 12 vAn dong vién ¢ ta chuyén nghiép (t6i uu cho dio siu va stic manh).
My xtc dao téng hop (Backhoe Loader) 1a van déng vién 10 mon phdi hgp (da ning, hitu ich
cho cong viéc 14t vit, nhung ning suét dao thip hon nhiéu). Ky su phéi chon ding cong cu dua
trén quy md cong viéc.

2.1.2 CAU TAO CHI TIET

May dao thay luc dudc ciu thanh tif 3 cum bd phan chinh:

Can (Boom)

Tay can (Arm)
L Cabin
boi trong
(Counterweight) |:| o
()
(000000)0 " Glu (Bucker)

Banh xich (Track)
(1) Hé thdng di chuyén  (2) Hé thdng quay toa & cabin  (3) BO cong tdc (Cin — Tay cin — Giu)

Hinh 2.2: S6 d6 ciu tao mdy dao thily Ivc — ba cum bd phén chinh: (1) Hé thdng di chuyén;
(2) Hé thdng quay toa & cabin (dOng cd, bom thiy luc, ddi trong, cabin); (3) B cong tdc (Can
— Tay can — Gau).

1. Hé théng di chuyén (Undercarriage): Phin chan, chiu tai trong va di chuyén.

2. He thdng quay toa va cabin (Upperstructure): Phin than, c6 thé quay 360 d6. Bao gdm
Dong co, Bom thay Iuc, D6i trong (Counterweight), va Cabin.
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3. B9 cong tac (Working Equipment): “Cénh tay” clia mdy, gdm Can (Boom), Tay can
(Arm), va Gau (Bucket) (bd phan truc tiép dao, xidc vat liéu).

2.1.3 CAC LOAI BO CONG TAC CHUYEN DUNG — BIEN MAY PAO
THANH CO MAY VAN NANG

Nhd c6 ciu théo 18p giu nhanh (Quick Coupler), mdy dao c6 thé thay ddi vii khi” dé thuc hién
vo s6 nhiém vu:

+ Giu tiéu chuin va Gau dao da: Ding cho dit thong thudng va da/bé tong (dudc gia cd
bing thép cudng do cao).

* Bua pha da thay luc (Hydraulic Breaker): Dung ép luc dau thily lvc dé tao ra va dap
tan sd cao. La “ké huy diét” cia bé tong va da cling.

+ Kim bép bé tong (Crusher): Dung dé pha d& c6 chon loc, tach c6t thép ra khdi bé tong.

 Gau ngoam (Clamshell Bucket): Ding dé diao theo phuong thing dtng (giéng, hd coc
barrette).

* Biia rung thiy lue (Vibratory Hammer): Dung dé thi cdng/nhé cic loai coc van thép
(sheet piles) quy md nhé (Luu y: Khong phéi thiét bi thi cong coc chinh — s& hoc chi tiét
& Chuong 5: Thiét bi Thi cong Nén méng).

© Kinh nghiém Cong truong: Chon ding ”vii khi”
gni¢ Y g 0 g

Viéc lua chon diing bé cong tdc quyét dinh truc tiép dén hiéu qud. Ding gdu tiéu chudn dé dao
da sé pha hity gau va giam ndng sudt. K5 su phdi yéu cau nha thau sit dung diing loai céng cu cho
diing cong viéc.

Cung 13p vao may dao qua Khép ndi nhanh

P & 4 & ®

N . Biia rung Khdép ndi nhanh
Biia pha da Kim bép Géu ngoam Vibratory Hammer Quick Coupler
Hydraulic Breaker Crusher Clamshell

Hinh 2.3: Nim b cong tic chuyén dung c6 thé thay Iip nhanh viao mdy dao nhd Khdp ndi
nhanh (Quick Coupler): bia phd d4, kim bop bé tong, gau ngoam, bta rung, khép ndi nhanh.

% Xu hudéng Cong nghé: M4y dao Dién (Zero Emission)

Trong céc du 4n xanh hoic thi cong trong ting ham kin, céc loai may dao chay pin (Electric
Excavator) dang dan thay thé mdy Diesel. Uu diém tuyét ddi ctia chiing 1a Khong khi thai
va Tiéng 6n cuc thap, dii m6-men xodn ban dau c6 thé thip hon Diesel doi chiit.
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2.2 MAY UI (BULLDOZER) - ”LUC SI” CUA CONG TAC
SAN LAP

Néu mdy dao linh hoat, mdy i lai 12 hién than cta stic manh tuyét ddi trong linh vuc ctia n6.

Hinh 2.4: Mdy i ("Luc si”) dang thuc hién cong tac san dat.

2.2.1 CONG DUNG VA PHAN LOAI
* Cong dung chinh:

— San gat, san l4p mit bing: Nhiém vu c6t 15i.
— Van chuyén dét cu ly ngin: Rit hiéu qua trong pham vi dwdi 100m.
— Don dep miit bing (Clearing): Don dep chuéng ngai vat, ciy cdi nho.

* Phan loai c¢é ban: Cha yéu theo kich thu6c va cong suit dong co (phd bién nhit 1a theo
model cua hang Caterpillar: D3, D5, D9...).

2.2.2 CAU TAO CHI TIET

Céu tao ctia mdy Gi dudc tdi uu héa cho muc dich tao ra lvc ddy vé phia trudc.
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May kéo cd s6
(Tractor)

Ludi di (Blade) |:|

Huéng diy <— T
©66000)

Bénh xich o
Khung diy Bo x6i (Ripper)

Hinh 2.5: S6 do ciu tao mdy ui: May kéo co s& (Tractor) + Ludi Gi (Blade) phia tru6e + BO x6i
(Ripper) phia sau. Mdy ti dugc t6i wu dé tao lwe day vé phia trudc.

1. M4y kéo cd s6 (Tractor): Chiia dong co va hé théng di chuyén (hau hét 12 banh xich dé
tao Iuc bam t6i da).

2. B cong tac chinh (Ludi ti - Blade): TAm thép cong, day va ciing, dung dé cdt va day
dat.

3. B cong tac phu (Bj xdi - Ripper): Céc "méng vudt” bing thép siéu ciing 13p phia sau.
Duing dé cay xd6i, pha vo két ciu ciia nén dat bi nén chit hoiic dd phong héa trudc khi i.

2.2.3 NGUYEN LY LAM VIEC VA CAC PHUONG PHAP THI CONG
HIEU QUA
* Nguyén Iy ciit va ddy dat: Lugi Gi cit vao dét, tao thanh mot khdi dit di dong goi 12 ”ling

thé dat” (Earth Wedge).

LuGi ti
Ling thé dat (Earth Wedge)

<———— Huéng diy

Lu6i ti cdt vao dat, dat bi cudn Ién tao thanh mot khoi di dong
goi 12 ling thé dat. Khdi nay cang 16n - ning suit cang cao.

Hinh 2.6: Nguyén Iy cdt va ddy dat ctia may Gi: 1udi Gi cdt vao dit, tao thanh mot khéi dat di
dong goi la lang thé dat (Earth Wedge).

* Phuong phap san i hiéu qua:

Gido Trinh May Xay Dung Trang 13



GIAO TRINH MAY XAY DUNG 2026

— a. Ui theo ranh (Slot Dozing): Ui di i lai trén ciing mot dudng. DAt tran hai bén
tao thanh ”bd tudng” din hudng, ngin dét thét thoat, gitp ddy dudc nhidu dat hon.

- b. Ui song song (Side-by-Side Dozing): Cho hai mdy ti lam viéc sdt canh nhau,
giam thiéu lugng dat that tho4t & giita, ting ning suét tong thé.

© Kinh nghiém Céng trudng: K§ ning clia ngudi vin hanh 1a tai san!

K3 su phdi hiéu cdc ky thudt nhu 1ii theo ranh. Mot tho ldi giéi sit dung k§ thudt nay cé thé ting
ndng sudt 1én 20-30%, tiét kiém chi phi nhién liéu va thoi gian dang ké.

Bo dat
Bo dat

E b

ud .
(a) Ui theo ranh (b) Ui song song
(Slot Dozing) (Side-by-Side Dozing)
B0 dit hai bén gift vat liéu, Hai mdy sdt canh nhau,
giam thét thodt dat giam thit thodt & khe gilta
] Lusiai Dit dang dugc diy

Hinh 2.7: Hai k§ thuat san Gi hiéu qua (nhin tit trén xudng): (a) Ui theo rinh — dt tran hai
bén tao ’bd tudng” din hudng, ngdn dat that thodat; (b) Ui song song — hai mdy Gi lam viéc st
canh nhau, gidm thit thodt & khe giita.

2.3 PHOI HOP THI CONG, NANG SUAT VA AN TOAN

>

2.3.1 TO HQP THI CONG PIEN HINH: MAY PAO VA O TO TU PO

2 9

Day 1a ”ciip d6i hoan hao” cho cong tdc dao va van chuyén dit di xa.

+ Phan vai tro: M4y dao 1a ”M4y ch” (Loading Unit), O to tu d6 12 ”’Phueng tién van
chuyén” (Hauling Unit).

+ T6i vu héa vi tri ditng ctia xe ben:
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— Ning suat mdy dao phu thudc vao géc quay toa. Géc quay cang nho, thdi gian chu
ky cang ngidn va ning suit cang cao.

— B& tri TOI UU: Cho xe ben Iii vao vi tri ngay bén canh mdy dao, sao cho géc quay
toa nho nhét (ly tuéng dudi 90 do, toi uu nhat 1a 45 do).

© Case Study Thuc t&: Nhitng con s6 biét néi vé Géc quay toa

Viéc ting goc quay toa tir 45° 1én 180° ¢6 thé lam tdng thoi gian chu ky t6i 40%. Chi bing cdch
bé tri hop Iy, ky su c6 thé ting ndng sudt ma khéng tén thém chi phi.

180°

Piém _M 45°

(a) B6 tri TOI UU (b) B tri KEM
goc quay toa nhé gbc quay toa 1én

Hinh 2.8: Tdi uu héa vi tri xe ben theo géc quay toa ctia mdy dao: (a) xe ben dit ngay bén canh,
gdc quay nho (45°) — ning suét cao; (b) xe ben dit d6i dién, géc quay 16n (180°) — thdi gian
chu ky tdng t&i 40%.

2.3.2 KHAINIEM VE NANG SUAT MAY
1. Chu ky lam viéc (7,;) cia may dao:
Tex = tpao + IQuay mang tai + IXa + fQuay v2 2.1)
2. Cong thiic tinh niing suét co ban:
* Niing suit ky thuat (Ly thuyét):

3600

C

(v6i g 1a dung tich giu, K, 1a hé s day gau).
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+ Ning suét thue té (Van hanh):
Ny = Ny x Kig (2.3)

(V6i K, 4 12 hé 50 sit dung thoi gian).

f VI DU MINH HQA: Tinh ning suit May dao

Dé bai: Mdy dao giu ¢ = 0.8 m> dao dit cap II (K; = 0.9). Chu ky 1am viéc T, = 20 gidy. Hé
s0 st dung thdi gian K, = 0.8 (lam vi€c 48 phit/gid).

Lo gidi:
 Budc 1: Tinh s6 chu ky 1y thuyét trong 1 gio:

3600

Netw = —30-

— 180 (chu ky/gid)
 Budc 2: Tinh ning suit thuc té (V,,):
N, =180 x0.8x0.9x 0.8 = 103.68 m3/h

Y nghia: Dit mdy dao nhanh (20s/gdu), nhung do diéu kién dét va qudn ly thoi gian, moi
gio chi duoc khodng 103m3 dat toi.

© Kinh nghiém Céng trudng: Niing suat Thuc té va Ning suit Ky thuat

Ndng sudt thuc 1€ tai cong truong luén thap hon néng sudt ky thudt (1y thuyér). Ly do la K,, (Hé
50 stt dung thoi gian) luén nhé hon 1, phdn dnh su cham tré do thoi gian mdy cho xe, mdy cho siia
chita, cong nhéan nghi gidi lao, hodic diéu chinh vi tri. Ky su qudn Iy giéi la nguoi tim cdch t6i da
héa K.

. 7

2.3.3 AN TOAN LAO PONG KHI LAM VIEC VOI MAY PAO VA MAY
U1

* Xic dinh Viing nguy hiém (Danger Zone):

— M4y dao: La toan bd khu vuc hinh tron c6 ban kinh biing tim véi xa nhit cia
mady (bao gdm cé khong gian quay toa).
+ Canh giac véi ”Piém mi” (Blind Spot):
— Nhiéu tai nan xdy ra do ngudi di bo diing trong diém mu” ctia ngudi van hanh, dic
biét 1a & khu vuc dudi dbi trong ciia mdy dao khi né quay toa.

— Quy tdc: Ludn giao tiép bing mit (Eye Contact) v6i ngudi van hanh trude khi tiép
can mdy. Ludn médc 4o phan quang.
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Piém mil
sau dudi

1
1
1
1
1
1 K

1 ddi trong
1

-

Ving nguy hiém
Quy tiic an toan:
« Khong diing trong viing nguy hiém (ban kinh biing tim vdi xa nhit).
« Dic biét canh gidc khu vic diém mit sau dudi ddi trong khi mdy quay toa.
« Luén giao tiép bing mit véi ngudi van hanh trude khi tiép can mady.

Hinh 2.9: Ving nguy hiém va diém mi ctia may dao (nhin tif trén xudng). Ving nguy hiém la
hinh tron ¢6 ban kinh bing tim v6i xa nhét ctia mdy; diém mu nguy hiém nhit nim & khu vuc
sau duéi dbi trong khi mdy quay toa.

TOM TAT CHUONG:

Chuong 2 da dua ching ta di sdu vao thé gi6i ctia hai ¢d mdy 1am dat quan trong bac nhat: M4y
dao va May ui.

M4y dao (Excavator) 1a’nha vua” da ning, chuyén dao siu duéi mic may ding, va c6 thé
bién hoa v6i nhiéu bo cong tac khdc nhau. May i (Bulldozer) 1a hién than cta stic manh thod
s0, mot “’lue s’ khong thé thay thé trong cong tdc san 14p miit bing va van chuyén dat dd & cu
ly ngén, véi céc ky thuat thong minh nhu Gi theo ranh”.

Chiing ta d4 hoc céch phan tich su phdi hgp ciia td hdgp mdy dao - xe ben, va hidu ring viéc
tdi wu héa géc quay toa 1a mot k¥ niing quan ly hién trudng quan trong dé ting ning suét. Khai
niém v& chu ky lam viéc va céc cong thiic tinh niing suét co ban di cung cip cong cu dé 1ap ké
hoach. Cudi ciing, chuong hoc nhin manh ring stic manh ctia may méc ludn di kém véi trach
nhiém v& an toan, thong qua viéc nhén dién viing nguy hiém va diém mi cta thiét bi.
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~ d A ~
CAU HOI ON TAP
~ 2 Vd R
A. CAU HOI LY THUYET:
1. Trinh bay cdc cong dung chinh ctia M4y dao. Phan biét su khéac nhau vé dic diém va pham

vi iing dung giita may dao gau nghich va mdy dao gau thuln.

2. Mo t4 ba cum bo phan chinh ciu thanh nén mdt mdy dao thiy luc. Néu 3 loai bo cong tac
chuyén dung khdc ngoai gau tiéu chuin ma mdy dao c6 thé st dung.

3. Trinh bay céc cong dung chinh ciia Mday ti. B0 x&i (ripper) dugc st dung trong truong
hop nao va tai sao n6 lai can thiét?

4. Giéi thich tai sao k§ thuat “ti theo ranh” (Slot Dozing) lai gidp ting ning suat ctia mdy 0i.

5. Chu ky lam viéc (T,;) cia may dao la gi? Liét ké 3 yéu t6 c6 &nh hudng 16n dén thdi gian
chu ky.

6. Trinh bay quy tdc tdi wu héa vi tri diing cla xe ben trong to hdp thi cong mdy dao - xe ben.

B. BAI TAP VAN DUNG:
Bai tap 2.1: Lua chon mdy va Phan tich an toan
Mot du 4n xdy dung can thuc hién hai hang muc:
* (a) Dao mdt muong thodt nudc sau 3m qua khu vuc dét sét dinh am.
* (b) Don dep va san phing mot ddng da vun nhd tai bai tap két vat liéu.

1. Dé xuit loai mdy lam dit cha luc (Méy dao hay Mdy i) cho tiing hang muc va giéi thich
1y do lua chon ctia ban.

2. Khi mdy dao dang 1am viéc tai (a), hdy chi ro dau 1 ving nguy hiém va khu vuc diém
mu nguy hiém nhit.

Bai tip 2.2: Tinh to4n niing suét c¢ ban
Mot mdy dao gau nghich c6 dung tich gau g = 1.2 m3.

e Thai gian chu ky (theo ddi thuc té): T, = 22 gidy.
* Heé s0 sl dung thoi gian: K,, = 0.85.
¢ Hé s6 day gau: K; = 0.9.
e Khdi luong dat can dao: 1500 m3.
1. Tinh ndng suét k¥ thuat (NV,,) cia mdy dao (m3h).
2. Tinh niing suét thuc t€ (N,,) cia mdy dao (m3/h).

3. U6c tinh thdi gian can thiét (tinh bing gid) dé mdy dao hoan thanh cong viéc.
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CHUONG 3

NHOM MAY LAM PAT (PHAN 2) - MAY
XUC LAT, MAY SAN, MAY CAP

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién cé kha nang:

1. Trinh bay dugc cong dung, ciu tao dic trung va nguyén ly 1am viéc cta ba loai mdy lam
dit chuyén dung: Mady xiic 1at (Wheel Loader), May san (Motor Grader) va My cap
(Scraper).

2. Phan biét dugc rd rang pham vi Ging dung hiéu qua cta tiing loai mdy, trdinh nham 1an chiic
nang giita ching va véi cdc mdy da hoc (mdy dao, may 1i).
3. Giai thich dudc céc nguyén ly k¥ thuat cdt 16i: co ciu 14i bé giy khung ctia mdy xuc 1at,

”Hiéu &ng cau ndi” ciia mdy san, va chu trinh 1am viéc 3 trong 1’ clia mdy cap.

4. Ap dung kién thitc dé lwa chon loai mdy phit hop cho cdc bai todn thi cong dét chuyén biét
nhu: bdc x€p vat liéu rdi, hoan thién mit bang chinh xéc, va san 1ap quy mo 16n cu ly trung
binh.

Loi m& dau chuong: Tiép ndi hanh trinh kham pha nhém mdy lam dat, Chuong 3 s& gi6i
thiéu vé ba “chuyén gia”, mdi loai c6 mdt s& trudng riéng biét ma mdy dao hay mdy ti khong
thé thay thé. Néu Chuong 2 néi vé “’stic manh toan dién” va "luc day vo dich”, thi chuong nay
s& néi vé ”’su nhanh nhen” (Mdy xiic 1at), ’dd chinh xac” (M4y san) va ”ning suit ky luc &
cu ly trung binh” (Mdy cap). Viéc hiéu rd khi nao cin huy dong ding “chuyén gia” nao sé 1a
thu6c do cho su sdc bén trong tu duy bién phép thi cong ctia mot ngudi ky su.

3.1 MAY XUC LAT (WHEEL LOADER) - ”"NGUOI VAN
CHUYEN NHANH NHEN”
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3.1.1 CONG DUNG VA PAC PIEM NHAN DANG
Cong dung chinh

* Xic va boc xép vat liéu roi: Nhiém vu cdt 16i (dat, cit, d4, than...) va nap 1én phuong
tién van chuyén hodc vao phéu chia.

* Van chuyén vat liéu cu ly ngin: Hiéu qua trong pham vi vai chuc mét.

Hinh 3.1: Mady xtc 14t dang nap li€u tai tram tron bé tong. (Anh: Syced, Wikimedia Commons, gidy
phép CCO)
Pic diém nhian dang

« Hé thong di chuyén: Phd bién nhit 1a banh 16p (t5c d6 cao, co dong).

* Cd ciu lai bé gay khung (Articulated Steering): Than mdy chia 1am hai nita, ndi bing
khdp xoay. Khi 14i, hai ntta than mdy “gap” lai so vdi nhau, tao ra ban kinh quay vong cuc
ky nh, rit linh hoat trong khong gian hep.

fE Cong thitc: Chu ky lam viéc cia Mdy xiic lat

May xdc 14t hoat ddng theo chu ky (7). Néing suit phu thudc vao tdc do quay vong:

Te = txdc + fehs + Ixa + Tquay v 3.1
*Litu Y: Nho co cau lai bé gay khung, T, ciia mdy xiic lat tai tram trén thuong rat ngdn

(duoi 45 giay).
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f VI DU MINH HOA: Niing suit May xiic lat

P& bai: Mot mdy xdc 14t c6 dung tich gdu ¢ = 3.0 m> 1am nhiém vu nap d4 cho tram nghién. Nho
co ciu ldi linh hoat, chu ky 1am viéc dat mic ly tuéng T, = 45 gidy.
 Hé s6 day gau K; = 0.85 (d4 toi).

* Hé s6 sl dung thdi gian K, = 0.75.

Loi giai:
* Budc 1: Tinh s6 chu ky trong 1 gio (V.,):

3600 3600 NN
N, = T, =5 = 80 (chu ky/gi0)

* Buéc 2: Tinh niing suét thuc té (V,)): Ap dung cong thiic tdng quat:
Ny = Nep x g x Kg x Ky

Thay s6 vao:
N, =80x3.0x0.85x0.75 = 153m3/h

Nhdn xét: Véi chu ky nhanh (45s), may dat nding sudt rat cao, dam bdo cap liéu lién tuc
cho ddy chuyén nghién.

3.1.2 SO SANH MAY XUC LAT VA MAY PAO

Béang 3.1: So sanh Mdy xuc lat va Mdy dao

Tiéu chi May xuc lat May dao

Hanh dong chinh Xic va Ché Dao (Digging)
(Loading & Carrying)

Nguyén ly Ding e ddy cta toan bd Ding luc ciia tay cin va giu
mdy dé xtc vat liéu. dé dao.

Sé truong Béc xép vat liéu roi trén nén  Dao dit nguyén thé trén nén
cing. yéu.

3.2 MAY SAN (MOTOR GRADER) - "NGHE NHAN CUA
MAT BANG”

Mady san 12 loai mdy chuyén dung, khong thé thay thé trong cong tdc hoan thién cdc 16p nén
dudng, san bay, hodc bat ky mit bing nao doi héi dd chinh xdc cao.
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3.2.1 CONG DUNG VA NGUYEN LY TAO PO PHANG
Cong dung chinh

San gat 16p mit nén dudng, tao méai ddc (taluy), dao cdc ranh thodt nuéc ndng, béo tri dudng dat.

Hinh 3.2: Mdy san dang thi cong hoan thi€n mat dudng.

Nguyén Iy tao dé phing — ”Hiéu @ng ciu ndi” (Bridging Effect)
 Bi mat nim & vi tri dit Ludi san (Blade): N6 dudc dit & GIUA hai truc banh xe.

 Thin mdy nhu mot “cay cau” dai. Khi banh trudc leo 1én gb ghé nhd, 1udi san & gifia chi
bi nhic 1én mot Iuong rit nhd. N6 “luét” qua cdc gd ghé thay vi sao chép ching. Diéu
nay tao ra do biang phing vuot troi.
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PHAN BIET KY THUAT: MAY UI (Thé) vs MAY SAN (Tinh)

Rét nhiéu k§ su nhidm 14n cdng dung cta hai loai mdy nay. Hiy nh6 quy tic ’Thé va
Tinh”:

Tiéu chi MAY UI (Bulldozer) MAY SAN (Grader)

Vai tro San thd (Rough Grading) San tinh (Fine Grading)

Hanh dong Cit dat, day khoi lugng 16n, Gat nhe, hoan thién bé mit

pha dia hinh go ghé. phéng min.

Do chinh xac Thap (+5 — 10 cm). Rat cao (+1 —2 c¢m, hodc mm
v6i GPS).

Ung dung Ph4 d6i, 1dp a0, m& dudng.  Tao d6 déc ngang, san 16p déd
dam (Base).

Ghi nhd: Ping ding Mdy san dé iii dong dat Ion (gdy ludi), va dieng ding Mdy i dé lam
mdt duong (g6 ghé).

.

3.2.2 CAU TAO PAC TRUNG
1. Ludi san (Blade): Dit 6 gitta than mdy, dai va méng hon 1udi di.
2. Vong quay (Circle): Cho phép 1usi san xoay 360 do.

3. Heé théng diéu khién thiy luc phitc tap: Cho phép didu khién 1udi san v6i nhidu bic tu
do (nang/ha, xoay, nghiéng) dé tao ra cdc mit phing nghiéng phiic tap.

© Kinh nghiém Céng trudong: M4y san va Cong nghé 4.0

May san hién dai thuong duoc trang bi hé thong diéu khién tw dong 3D-GPS. Hé thong mdy tinh
sé tw dong diéu khién cdc xy-lanh thiy luc dé giit cho ludi san luén é diing cao dé va dé doc thiét
ké véi do chinh xdc milimet.

33 MAY CAP (SCRAPER) - "NGUOI KHONG LO 3
TRONG 17

May cap la ¢d mdy doc ddo, c6 kha ning tu minh thuc hién c4 ba vai trd: do, van chuyén va san
rai.
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Hinh 3.3: Mdy cap ("Ngudi khong 16 3 trong 1”) trén cong trudng. (Anh: U.S. Army Corps of
Engineers, Public Domain)

3.3.1 CONG DUNG VA PHAM VI UNG DUNG
Cong dung chinh

Thuc hién chu trinh Pao - Van chuyén - San rai dit thanh mot chu trinh khép kin.

Pham vi @ng dung — ’Cu ly vang”

* Hiéu qua kinh t& nhét khi van chuyén dat trén cu ly trung binh (tir 300m dén khoang
2-3 km).

* Dudi 300m: Dung May ui.

e Trén 3000m: Dung t6 hop M4y dao + Xe ben.

3.3.2 NGUYEN LY LAM VIEC ”PAO - CHO - RAI”

1. Giai doan 1: Pao (Cutting / Loading): Ludi cit (Cutting Edge) bao mot 16p dit mong.
bat dugc cudn vao Thung cap (Bowl) qua ctia thiing (Apron) dang md.

2. Giai doan 2: Ché (Hauling): Déng ciia thiing, mdy ting téc di chuyén dén vi tri dp.

3. Giai doan 3: Rai (Spreading / Ejecting): M cita thing. Ban ddy (Ejector) & phia sau
di chuyén vé phia trudc, ddy dat ra thanh mot 16p c6 chiéu day dong déu.
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B Cong thitc: Chu ky 1am viéc cia My cap

Tex = taao + Lchuyén huong F fehs + frai + Tquay vé 3.2)

*Ghi chii: Thoi gian t,; va t s chiém ty trong 16n nhdt. May cap chi hiéu qud khi cu

quay ve

ly vin chuyén ndam trong ”Cu ly vang” (300m - 3km).

© Kinh nghiém Cong trudng: Ky thuat ”Push-loading”

Trong truong hop dat qud citng, ngudi ta sit dung mot Mdy i hang nang dé ti va ddy phu cho
May cap trong sudt qud trinh dao. K3 thudt nay giip Mdy cap nap day thing nhanh chéng, ting
ndng sudt.

3.4 TONG KET VA UNG DUNG

3.4.1 BANG TONG KET LUA CHON MAY LAM PAT

Béng 3.2: Bang tong hop Iva chon mdy lam dat

Loai may Cong dung chinh / Sé truong Cu ly / Pic diém

May dao Dao dit nguyén thd (dao sau), Béc xép  Linh hoat, da ning, tai chd.

vat liéu 1€n xe.

May i San 14p so bd, Van chuyén dét. Cuc ngin (< 100m). Luc
day vo dich.

Mady xiic lat Bdc xép va van chuyén vat liéu roi. Ngin (vai chuc mét). Rt
nhanh va ¢ dong trén nén
cung.

Mady san Hoan thién bé mit v6i do chinh xdc Khong van chuyén, chi san

cao. gat. Dung cho 16p cudi cling.

May cap Do - Chd - Rai dit. Trung binh (300m - 3km).
Ning suét ky luc.
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342 GIGI THIEU BIEU PO PIRU PHOI PAT (MASS-HAUL
DIAGRAM)

© Case Study Thuc té: Céong cu chién luge ciia Ky su Thi cong

cong.

Biéu dd Piéu phdi Pat 1a cong cu dd hoa gitp k¥ su xdc dinh: doan nao thira dét (Dao - Cut),
doan nao thiéu dét (D3p - Fill), hudng van chuyén t6i vu va Cu ly van chuyén trung binh. Dua
vao cu ly van chuyén trung binh nay, k§ su s& ra quyét dinh chién lugc: dung May i, My cap
hay Mdy dao + Xe ben. Day 1a vi du vé sy giao thoa gitta k§ thuat mdy méc va 1ap bién phép thi

1,500

1,000

T T T

Pinh: chuyén Pao — Dip

Dién tich S
= Khéi lugng x Cu ly
(m3-m)

Pudng cén bing (Balance line)

500

Khéi luong dat tich liy (m3)

I I I I
0 200 400 600 800

Ly trinh (m)

1,000

Hinh 3.4: Biéu dd diéu phdi dat (Mass-Haul Diagram). Truc tung 12 khéi lugng dét tich liiy
(m3): doan déc 1én 12 dao (Cut), doan d6c xubng 1a dip (Fill). Pudng cin bing nim ngang cit
dudng cong tai hai diém c6 cung tung do — trong khoang d6 khdi lugng dao bing khbi ludng
dip. Dién tich S giita dudng cong va dudng cin bing (m3-m) ding dé tinh cu ly van chuyén
trung binh: L = S/V.

Trong thi cong dudng va ha tang, viéc lwa chon mdy khong chi dwa vao cdm tinh ma phai
dua trén sd liéu. Biéu do Piéu phdi dét 12 cong cu quan trong nhit dé giai quyét bai toan nay.
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TOM TAT KIEN THUC COT LOI

1. Khai niém: L2 d6 thi biéu dién khdi luong dit tich lily doc tuyén. Pudng ddc 1én thé
hién khu vuc Dao (Cut), dudng doc xudng thé hién khu vuc Dip (Fill).
2. Vai tro dbi véi K§ su thi cong:

« Can biing Pao - Pip: Xic dinh cdc doan tuyén c6 thé dung dét dao dé ddp ngay

tai chd, gidm thiéu chi phi vat liéu.

+ Lap ké hoach mugn/dé dat: Xéc dinh khi ndo cin mé dét (Borrow pit) hoic bai
thai (Waste dump).

+ Co sé chon may thi cong (Quan trong): Dua vao Cu ly van chuyén trung binh do
dudc trén biéu do:
- Cu ly ngdn (< 100m): Chon M4y 1i.
- Cu ly trung binh (300m — 3km): Chon May cap.
- Cu ly xa (> 3km): Chon t& hgp Mdy dao + O 6.

*Hién nay, cdc phan mém nhu AutoCAD Civil 3D hé tro xudt biéu do nay tw dong gitip
tang do chinh xac.

TOM TAT CHUONG 03

Chuong 3 da hoan thién biic tranh vé nhém mdy lam dit bing viéc gi6i thiéu ba “chuyén gia”
vGi nhitng sd truong riéng biét.

May xiic 1t 13 *ngudi van chuyén nhanh nhen” ctia cic kho bii nhd banh 16p va cd cu l4i
bé gily khung. M4y san 13 “nghé nhin ctia mit bing” nhd nguyén ly ”Hiéu @ng ciu ndi” tao
ra do chinh xdc vugt troi. Cudi cing, My cap 12 “ngudi khong 10 3 trong 17, mang lai ning
suét cuc cao cho céc dai du 4n san lap & cu ly trung binh.

Thong qua viéc so sanh va phan tich, chuong hoc da trang bi cho ngudi ky su kha ndng lua
chon ding loai m4y cho ding cong viéc, mot k§ ning c6t 16i dé t6i uu héa hiéu qua thi cong,
ddng thoi md ra canh cita tu duy v& Biéu do Piéu phdi dit trong cong tic 1ap bién phap thi cong
chuyén nghiép.
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~ d A ~
CAU HOI ON TAP
~ b d Vd R
A. CAU HOI LY THUYET
1. Trinh bay cdc cdng dung chinh va dic di€ém nhan dang ndi bat ctia M4y xiic 1at. Gii thich
vu diém cia co ciu 14i bé gay khung.

2. Phan biét su kh4c biét cd ban vé chiic ning va sd trudng ing dung gitta Mdy xic 14t va
Midy dao.

3. Giai thich "Hiéu tGing cau ndi” trén Mdy san. Tai sao nguyén ly nay lai gitip mdy san tao
ra bé mit phéng hon may Gi?

4. MO ta chu trinh 1am viéc ”3 trong 1” (Pao - Ch¢ - Rai) cua May cap.

5. Phan tich pham vi Ging dung hiéu qué& vé& mit kinh té ctia Mdy i, Mdy cap va t6 hgp May
da0 + Xe ben dua trén cu ly van chuyén.

B. BAI TAP VAN DUNG

Bai tap 3.1: Lua chon ”Chuyén gia”
Mot du 4n lam dudng c6 3 hang muc cong viéc sau. Hay lwa chon loai mdy 1am dat chuyén dung
(Mdy xtc 1at, Mdy san, M4y cap) phut hgp nhét va giai thich ngidn gon ly do:

* a. San phing 16p cip phdi d4 didm trén cing ctia nén dudng dé dat do doc ngang 2% chinh
xdc theo thiét ké.

* b. Bdc xic cdt kho tir bdi chifa cdch d6 40m dé nap vao phéu ctia mot tram trdn bé tong.

* c. Di chuyén mot khéi lugng dit khéng 15 tit mot khu viic dao dén khu vuc dip, véi cu ly
van chuyén trung binh 1a 1.8 km.

Bai tap 3.2: Phan tich tinh hudng thi cong
Mot nha thau dé xuét st dung mot mdy i 16n thay vi mdy san dé hoan thién 16p miit nén dudng.
1. Laky su giam sat, ban ¢6 dong y v6i dé xuét nay khong?
2. Hay chi ra nhiing rdi ro vé mit chat lugng néu st dung mdy i cho cong viéc nay, dua trén
nguyén ly vat ly da hoc.

Bai tap 3.3: Tu duy quan ly
Mot t6 hop may dao 1.2 m3 va 10 chiéc xe ben dang 1am viéc. Ky su phdt hién ra ring, do tic
nghén giao thong cuc b trén dudng van chuyén, thdi gian chu ky clia xe ben bi kéo dai 1én gip
doi.

1. Diéu nay s€ 4nh hudng nhu thé ndo dén niing suit cia May dao?

2. Dé giill ning suit mdy dao & mic t6i da, k§ su phai ra quyét dinh quan ly gi vé s6 luong
xe ben?
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Bai tip 3.4: Tinh niing suat M4y xic lat
Mot mdy xic 14t giu ¢ = 2.5 m> 1am viée tai tram tron. Chu ky xiic va dd thuc té do dugc 1a
T, = 40 gidy. Biét hé s6 day gau K; = 0.95, hé s0 sir dung thdi gian K,, = 0.75.

1. Tinh sd chu ky lam viéc trong mot gio.

2. Tinh ning suit thuc t& (V,,) ctia mdy (m>/h).
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CHUONG 4

NHOM MAY PAM NEN

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c¢6 kha nang:
1. Trinh bay duge muc dich va tAm quan trong ctia cong tdc dam nén (3 Ting, 2 Gidm).

2. Nim vitng dudc cdc nguyén tic thi cong cdt 16i, bao gdm nguyén tic dAm theo 16p va vai
trd ctia P9 dm t6t nhéit (OMC).

3. Phan biét dugc cic loai My lu va Thiét bi dim nén (lu rung, lu chan citu, lu banh 16p)
dva trén ciu tao va nguyén ly lam viéc.

4. Lua chon dudc loai mdy ddm phu hgp véi tiing loai vat liéu cu thé (dat dinh, dét roi, bé
tong nhua).

5. Giai thich dugc khdi niém P§ chiit yéu cau (K) va cdc phuong phép kiém sodt chit lugng
co bdn tai hién truong.

Loi mé dau chuong: Sau khi dit da dudc ddo, dip, san phing, cong viéc ciia chiing ta vin
chua xong. Mot nén dit du c6 hinh dang hoan hao dén dau ma & trang théi xOp, rong thi ciing
gidng nhu xay nha trén mdt tim bot bién. Chuong 4 sé gidi thiéu vé cong tic dAm nén. Day
12 qud trinh “luyén” cho nén dét tré nén dic chic, viing vang, sin sang chiu dung tai trong cla
cong trinh bén trén. Chiing ta s& cung nhau tim hiéu cdc nguyén tic khoa hoc ding sau cdng tic
ndy, va 1am quen véi “gia dinh” mdy lu — nhitng ¢ mdy c6 nhiém vu bién “bot bién” thanh ”d4
tang”.

41 CACNGUYEN LY CO BAN CUA CONG TAC PAM
NEN
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4.1.1 MUC PiCH VA TAM QUAN TRONG CUA PAM NEN

 Dinh nghia: Dim nén 1a qu4 trinh ding ngoai luc dé 1am ting mat do cia vat lidu bing
céch giam thé tich cac 16 rong chiia khong khi.

PUNG: Pam 16p méng SAI: Pam Iép day

)

15-20 cm

Pam chit TOAN BO
chiéu day 16p
Q D4y 16p CHUA chit
(réng, sé ltin)
Nén dat tu nhién Nén dit tu nhién

Hinh 4.1: So sdnh hiéu qua dim nén: Lép mdng (Pung) vs Lép day (Sai).

» Muc dich ¢6t 15i (3 tiing, 2 giam):

— Tiang: cudng do chiu tai, do On dinh, kha ning chéng mai mon.

— Giam: d6 ltn cha cong trinh trong tuong lai, tinh thAm nuéc.

© Kinh nghiém Cong trudng: Mot 16i nhé, hau qua khdng 10

Héu qud ciia viéc dam nén khong dat yéu cau la cuc ky nghiém trong (lin vét banh xe, nitt gay
nén). Ky su giam sdt phdi déc biét chii trong va kiém tra nghiém ngdt cong tdc nay, khong duoc
phép lam du.

4.1.2 CAC NGUYEN TAC THI CONG COT LOI (2 QUY TAC VANG)

Pam nén theo tirng 16p (Compaction in Lifts)

Luc ddm nén chi ¢6 tdc dung hiéu qua dén mdt chiéu sdu nhat dinh. DAt phai dudc rai thanh tiing
16p méng (thudng 15-30cm) va lu 1en dat yéu ciu rdi méi rai 16p tiép theo [9]'.

I'TCVN 4447:2012 — Cong tc dat — Thi cong va nghiém thu.
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Pam nén § Do 4m t6t nhit (Optimum Moisture Content - OMC)
e OMC la dd 4m ma tai d6, dat d& dang dudc dim chit dén mat dd cao nhét.

* Quad kho: Ma sat 16n, kho nén.

2,800 T T T T T T T T
- - - Pudng Zero Air Voids (ZAV), G, = 2,70
"g 2,600 | — DPudng cong dam nén .
ED Ving bat kha thi
\; 2,400 [~~ (khong khi con trong 13 rdng) i
~
©
= 2,200 - i
=
&
@ 2,000 | :
5
éD
E- 1,800 |- -
\;8 =
g 1,600 |- -
1’400 | | 1 | | | | |
4 6 8 10 12 14 16 18 20 22
P06 4m w (%)

Hinh 4.2: Dudng cong dim nén Proctor xdc dinh D9 4m t6t nhat (OMC) va Khéi lugng thé tich
kho 16n nhat (MDD). Pudng Zero Air Voids (ZAV) 1a dudng hypebol nim hoan toan phia trén
dudng cong dim nén — moi trang thai dAm nén thuc t€ déu ndm dudi dudng nay.

* Qud wét: Nube can tré hat dit tién lai gin nhau, dit bi nhdo.

* Quy tic: Ky su phai kiém tra do 4m tai hién trudng. Néu can, phai tudi nuéc phun 4m

hoic cay xdi dé hong kho.

4.1.3 CAC PHUONG PHAP (NGUYEN LY) PAM NEN
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Béng 4.1: Céc phuong phap ddm nén cd béan

Nguyén ly Co ché tac dong Hiéu qua nhit véi vat liéu

Luc tinh Dung trong lugng ban thin dé Hoan thién bé mit, vat liéu nhay
(Static) nén. cam.

Rung dong Giam ma sit, gitp cdc hat tu sip Vat liéu ROI

(Vibration) xép lai. (cat, soi, d4 dim).

Nhao tron Diing céc vau nho tao 4p luc 16n,  Vét liéu DINH

(Kneading) nén sau va nhao tron. (sét, a sét).

Va dap Dung luc dong ning tif mot vat Nhiéu loai dit trong khong gian
(Impact) ning roi xudng. hep.

4.2 CAC LOAI MAY LU VA THIET BI PAM NEN

Hinh 4.3: Céc loai thiét bi dAm nén phd bién trén cong trudng.

4.2.1 MAY LU BANH THEP (STEEL WHEEL ROLLER)

* Lu tinh (Static Roller): Chi dung luc tinh. Thudng dung dé hoan thién, 1am phing bé
mit (vi du: 16p bé tdng nhua cudi cling).

* Lu rung (Vibratory Roller): Két hop luc tinh va rung dong. La may dAm nén chi luc
cho céc 16p nén bing vat liéu roi (cét, soi, d4 ddm).
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4.2.2 MAY LU CHAN CUU (SHEEPSFOOT / PADFOOT ROLLER)

2 2

* Pic diém: Trong lu c6 nhidu “chan” hinh chép cut.
* Nguyén ly: St dung phuong phap nhao tron (kneading).

. f]'ng dung: Chi hi€u qua cho dat dinh va ban dinh (dét sét, 4 sét). Cdc chan citu nén
chit 16p dat tir dudi 1én.

© Kinh nghiém: D4u hiéu ”Walking Out”

A9

Khi lu chén citu hoat déng, hién tuong Walking Out” (mdy lu bdt dau ”di bo” trén dinh cdc chdn
cuun) la dau hiéu truc quan cho thdy I6p dat sét da gan dat dén do chdit yéu cau.

© VIDEO THUC TE: Nguyén I lam viéc ciia Lu chén ciru

[j "-! -..l [j Video minh hoa c4n canh qu4 trinh céc “chan ctiu” cim siu vao long
dat, nhao tron va nén chit dat dinh tir duéi 1én trén.

Xem video tai day:

[j _*E Er Click dé xem trén Youtube

4.2.3 MAY LU BANH LOP (PNEUMATIC TIRE ROLLER)
* Pic diém: Sit dung mot hang céc banh xe 18p cao su nhén.
+ Nguyén ly: Két hop luc tinh va nhao trén bé miit (miét).
. Ij'ng dt\.mg: \Dﬁn/n nén cac 161? bé: tong nhua néng (sau lu rung) dé 1am kin céc 16 rd li ti,
hodc dam nén dat c6 trdn chat ket dinh.
4.2.4 CAC THIET BI PAM NEN NHO (CHO KHONG GIAN HEP)

» Pam céc (Rammer): St dung va dap. Hiéu qua v6i dat dinh trong khong gian chat hep
(g6c moéng, ranh dng nudc).

» Pam ban (Plate Compactor): St dung rung dong. Hiéu qui v6i vat liéu roi (cit, soi)
trén di€n tich nho.

43 LUA CHON VA KIEM SOAT CHAT LUQNG

43.1 BANG TONG KET LUA CHON MAY PAM THEO TUNG LOAI
VAT LIEU
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Béang 4.2: Lua chon mdy dam theo loai vt liéu

Loai vat li¢u Nguyén Iy hi¢u qua Thiét bi phit hgp nhét

Cat, s6i, da dam (Roi) Rung dong May lu rung banh thép
(Vibration)

Pit sét, 4 sét (Dinh) Nhao tron May lu chan ciru
(Kneading)

Bé tong nhua nong Rung, Tinh, Nhio tron b& T hgp Lu rung + Lu banh
mit 16p + Lu tinh

432 KIEM SOAT CHAT LUGNG PAM NEN (QC/QA)
Khai niém P§ chit yéu ciu (K)

Y k thuc t&
K = Jthy

x 100% 4.1)

¥ k.max (Proctor)

Trong d6 thiét ké thudng yéu cau K > 95% hoic K > 98%.

fE Cong thitc: Ning suit May lu

Ning suit thuc té ctia may lu (P) phu thudc 16n nhit vao S6 lugt lu yéu cau (V) dé dat
do chat:

(B-b) xvxHx1000
= x K

P N tg

(m? /h) (4.2)

Trong dé:
e B: Bé rong banh lu (m).
e b: Bé rong chong 1an gitta 2 vét lu (thudng 0.2m).
 v: Van toc lu (km/h).

e H: Chiéu day I16p dat rai (m, thudng 0.15 — 0.3m).

N: S6 luot lu (x4c dinh qua thi cong thit nghiém).

*Luu y: Néu do am khong dat chudn (OMC), s6 luot lu N sé phdi tdng 1én rat nhiéu ma
dat van khéng chdt — Gidm ndng sudt.
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f VI DU MINH HOQA: Thoi gian lu lén

Pé bai: Cin lu doan dudng 600 m>. Mdy lu rong B = 2.1m (trit chdng 14n con 1.9m). Van toc
2.5km/h. Yéu cau lu 6 lugt. Hé s6 K, = 0.38.
Loi giai:

+ Niing suét dién tich thuc té (m2/h):

~ 1.9x2500

G x 0.8 = 633.3m?/h

N

(Luwu ¥ doi 2.5km/h = 2500m/h)
* Thoi gian thi cong:

600

T'=5333

~ 0.95 gi6 = 57 phat

Phuong phap kiém tra do chit hién trudng

Phuong phap phéu rét cat (Sand Cone Test): Phuong phép kinh dién, dung dé x4c dinh khoi
lugng the tich kho thuc t& (7 . ¢) tai hién trudng dé tinh ra K.

© Case Study Thuc té: Nghiém thu mét 16p nén dudng

* Yéu ciu thiét ké: K > 95%. 74 max = 2.15 T/m’.
« Thi nghiém hién trudng cho két qua 7, = 2.08 T/m".
e Tinh toan: K = 2.08/2.15 = 96.7%.

+ Két luan: 96.7% > 95%. Vi tri nay PAT yéu ciu v& do chiit. Néu K < 95%, k¥ su gidm
sat s¢ KHONG NGHIEM THU va yéu ciu nha thiu phai lu len thém.

Quy trinh thi nghiém Phéu rét cat (10 Buéc chuin)

Phuong phdp thi nghiém theo TCVN 4199:2012 [11]. Quy trinh thuc hién tai hién trudng tuan
thti nghiém ngét cac budc sau:

1. Hiéu chudn thiét bi: Xac dinh khdi lugng riéng cit chudn va cin khdi lugng cét trong
binh (W,).

2. Chuén bi hién trudng: San phing bé miit, dit tim dé kim loai ¢6 dinh.
3. Pao hd thi nghiém: Do sau 10-15cm qua 18 tim dé, tuyét d6i khong 1am roi vai dat.
4. Can dét da dao: Thu hdi toan bo dét dao va can ngay (W;_ ).

5. Lay miu dd 4m: Liy khoang 200g dét vira dao dé sdy.
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6. Pat phéu rét cat: Up phéu (dang déng van) 1én 16 tim dé.

7. Rét cat: M& van cho cat chay tu do dén khi ding hén thi dong van.
8. Can phéu con lai: Can lugng cit thita (W,) dé tinh lugng cét 14p hd.
9. Siy mau: Xdc dinh d6 4am w% ciia dat.

10. Tinh to4an: Tinh mat do kho y; va hé s6 ddm nén K.

\ / bitdao  Miu sy
DAt dao Wi ~200¢

o 2. [T
n & I\

Thiing hiéu chuén

(a) Buéce 1: (b) Budc 2-3: (¢) Buéc 4-5:

Hiéu chuén (y .4, C) Dit tim dé & dao hd Can dat & 14y miu
Cat con lai
w, Tinh to4an
/ijvan = Vh,:WI—Wz—C
' - ! [ L | Yk =Y (1+0,01w)
. ARy 4 1% P
] Cat 1ap ho K - Yk, 100%
k,max
(d) Budc 6-7: (e) Budc 8: (f) Buéc 9-10:
Up phéu & r6t cit Can cdt con lai (W) Sdy miu & tinh todn

Hinh 4.4: Quy trinh thi nghiém Phéu rét cat (Sand Cone Test) theo TCVN 4199:2012 — dung
dé xdc dinh khoi lugng thé tich khé va dd chiit K cta dét dip tai hién trudng. Bo phéu rét cat
gdm binh cat, van khod, nén va tdm dé ¢4 16 trung tim; trudc khi ding phai hiéu chuén dé xac
dinh khdi lugng thé tich cat chuin y ., va hing s& C (khdi lugng cét 1ip nén + tim dé). H dao
siu 1015 cm qua 15 tim dé; toan b dat dao phai thu hdi va can ngay (W; ), dong thoi 1y
~200 g d€ sdy xdc dinh do 4am w — thiéu hai s6 liéu nay thi khong thé tinh dudc y,. Thé tich
hd dao suy ra tir lugng cét da 1ap hd: V5 = (W) — Wy — C) /7 cqr (V6i W, W, 12 khbi luong
binh cét trudc va sau khi rét, w 12 do 4m cta dat); tir d6 tinh khdi ludng thé tich kho ;. va so v6i
7 k.max (Proctor) dé ra do chit K.
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TOM TAT CHUGNG

Chuong 4 da trang bi cho ching ta nhiing kién thtic c6t 16i vé cong tac ddm nén. Ching ta da
hiéu muc dich 12 ting mat do vat liéu va hai nguyén tic vang: dam theo titng 16p méng va
dim & P 4m t6t nhit (OMC).

Viéc lua chon mdy Iu phu thudc hoan toan vao loai vat liéu: Mdy lu rung banh thép cho
vat liéu roi; M4y lu chan ciru cho dit dinh; va Mdy lu banh 16p dé hoan thién b& mit va lam
kin.

Cudi cuing, chuong hoc da nhan manh ring chét luong dim nén phai dudc kiém so4t bing sd
liéu thong qua Po chiit yéu cau (K) va phuong phép thi nghiém hién trudng nhu phéu rét ct.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay cdc muc dich chinh ctia cong tdc ddm nén (3 Ting, 2 Gidm).
2. Giéi thich tai sao viéc ddm nén & dd 4m qud thap hodc qué cao déu khong dat hiéu qua.

3. Néu nguyén ly lam vi€c va pham vi Ging dung hi€u qua cia Mdy lu rung, Mdy lu chan ctiu
va Mdy lu banh 16p.

4. Hién tuong “Walking Out” trén Iu chan citu bdo hiéu diéu gi?

5. DO chit yéu cau K 1a gi? Néu két qua thi nghiém K khong dat, k§ su gidm sat phai ra
quyét dinh gi?

B. BAI TAP VAN DUNG
Bai tap 4.1: Lua chon thiét bi )
Du an dudng c6 cic hang muc. Hay chon mdy dam va giai thich:
 a. Dam nén I6p nén dudng dip bing dat sét c6 do déo cao.
* b. Pim nén 16p méng dudng bing cap phdi da dim (vat liéu 10i).
* ¢. Dam nén phan dit dip lai trong mot ranh thoét nudc hep rong 60cm, sau 1.5m.

Bai tap 4.2: Phan tich tinh hudng thi cong
Két qua thi nghiém phéu rét cat: O d6 sau 10cm, K = 98% (Pat). O d6 sau 25cm (ddy 16p),
K = 85% (Khong dat).

1. Hién tugng nay cho thdy nha thau da vi pham nguyén tic thi cong cbt 16i nao?
2. Dé khic phuc, ban s€ yéu ciu nha thau phai lam gi?

Bai tap 4.3: Tinh toan Do chat K
Két qué Proctor: y; 0 = 1.85 T/m’. Yéu ciu K > 95%.

1. Tinh gid tri khoi lugng thé tich kho t6i thi€u (y_,,,) phai dat dugc.
2. Két qua phéu rét cdt v, = 1.78 T/m>. Tinh dd chit K. K&t luan Dat hay Khong dat?

Bai tap 4.4: Tinh toan Thoi gian lu
Mot doan dudng cin dAm nén c6 dién tich 800 m? (Rong 4m x Dai 200m). Yéu ciu k§ thuat
phdi lu N = 8 lugt/di€ém. Mdy lu ¢6 bé rong B = 2.1 m va van td¢ trung binh V = 3.0 km/h.

1. Gia st hé sd st dung thdi gian K, = 0.8. Hay udc tinh tdng thdi gian (gid) dé hoan thanh
cong tdc dam nén doan dudng nay.
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CHUONG 5

NHOM MAY VA THIET BI THI CONG
NEN MONG

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién cé kha nang:

1. Hiéu dwdc vai trd quyét dinh ciia Bdo cdo Khao sat Dia chét trong viéc lua chon phucng
4n moéng.

2. Phan biét duge 3 cong nghé thi cong coc chinh: Péng (Displacement - Pong), Ep (Dis-
placement - Tinh), va Khoan nhoi (Replacement).

3. Trinh bay dudc nguyén Iy 1am viéc, uu/nhudc diém cilia cdc thiét bi tuong tGing: Bia déng
coc, Robot ép coc tinh, va May khoan coc nhoi.

4. Mo ta dugc quy trinh thi cong 5 budc ctia coc khoan nhdi va vai tro ctia cdc vat liéu chinh.

5. Ap dung kién thitc dé lua chon phuong d4n méng coc tdi uu dua trén céc yéu té dia chit,
tai trong va moi trudng thi cong.

Loi mé dau chuong: Sau khi da hoan thanh céc cong tic mit dit va dAm nén (Chuong 2, 3,
4), giv 1a ldc chidng ta di su vao long dit dé xay dung “bo r&” cho cong trinh. Chuong 5 sé giGi
thiéu vé cdc cong nghé va mdy méc hién dai dé dua nhiing ciy coc xudng cic ting dat 6n dinh.

Ching ta s& khdm ph4 ba “trudng phai” thi cong méng coc: mot "ké 6n a0 manh mé”
(Péng), mot “ngudi khéng 16 tham ling” (Ep), va mot “béac si phau thuit long dit” (Khoan
nhdi). Hiéu rd ba trudng phai nay s& gitip ngudi k§ su dua ra nhitng quyét dinh nén tdng quan
trong nhét cho su viing chic ctia du 4n.

5.1 CAC NGUYEN TAC CHUNG VA CONG NGHE PONG
COC
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5.1.1 BAO CAO KHAO SAT PIA CHAT - ”TONG TU LENH” CUA
MONG
 Nguyén tic Bat bién: Lua chon mdy méc va cong nghé thi cong coc BAT BUQC phii
tuan theo chi huy ctia Bdo cdo Khdo sat Dia chat Cong trinh.
* Ky su phai doc gi?

— Mt cat dia chat: Thi tu va chidu day cic 16p dat, do siu ting dat tot.

— Chi s6 SPT (Standard Penetration Test): Cho biét dd cting ctia dat (SPT cang cao,
dit cang cting, cang khé déng/ép).

© Kinh nghiém Céng trudng: Ménh 1énh dau tién!

DPing bao gio dé xudt mét phuong dn méng coc ma khong dua trén dit liéu dia chat. Dia chdt sé
“chi dinh” phuong dn khd thi, nhiém vu ciia k¥ su la chon phuong dn toi wu nhat (kinh té, moi
truong) trong s6 do.
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(a) Mat cat (b) Chi so SPT
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Nhén xét: Chi s6 SPT N ting dan theo dd sau, phan 4nh do cing cda dat ting.
Khi N dat 50 nhat ma coc xuyén khong lin thém — ghi “50/refusal” va dung thi nghiém.
Tang cét chit & do sdu >20 m (N = 45 + 50) la ting dét t6t dé dit mii coc.

Hinh 5.1: Vi du v& miit cit dia chét va biéu dd chi s6 SPT (N-value) theo do sau. Chi s6 N ting
dan theo dd sau; tai tang cét chit (dudi 20 m), N dat t6i 50 nhat (refusal).

5.1.2 CONG NGHE PONG COQC (PILE DRIVING)
Day 1a phuong phdp “1am dich chuyén dat” (displacement), dung ning lugng dong.

» Nguyén ly: St dung ning Iuong ctia mdt qua bia ning roi xuéng diu coc, tao ra luc xung
kich cuc 16n.

+ Uu diém: Thi cong nhanh, 4p dung dudc cho nhidu loai dia chit.

+ Nhudgc diém 16n nhét: Gay tiéng on va rung dong cue 16n, bi han ché hoiic cim & cic
khu vuc d6 thi dong dan cu.

+ Thiét bi chinh: T3 hop Can truc banh xich + Gia bia + Bia déng coc.

- Biia Thity hwe: Hién dai, niing lugng déng c6 thé diéu khién chinh xdc, it 6 nhiém
hon.
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+ Kiém soat Chét lugng (Tiéu chuin ngirng déng): Dua trén dd chdi” (d6 lin ctia coc
sau mot s6 lugng nhdt bia nhat dinh & giai doan cudi).

52 CONG NGHE EP CQC VA KHOAN CQC NHOI

5.2.1 CONG NGHE EP CQC TINH (STATIC PILE JACKING)

Phuong phdp phd bién trong do thi, thudc nhém “lam dich chuyén dat” nhung ding ning luong
tinh.

Hinh 5.2: Robot ép coc tinh tu hanh véi cdc khdi dbi trong bé tong.

Tén goi phd bién: Robot ép coc tinh.

Nguyén ly: St dung céc xi-lanh thily luc cong suit cuc 16n dé tao ra mot luc nén tinh, tir
tr n coc xudng dat cho dén khi dat luc ép thiét ké.

Luc dbi trong (Reaction Force): Luc ép dudc tao ra nhd cac khéi dbi trong (biing gang
hoic bé tong) chit 1én thin mdy.

Uu diém vuot troi:

— Khéng gy tiéng 6n, khong giy rung déng: Giai phap s6 mot cho thi cong trong
thanh phd.

— Kiém soat chét lugng tét: Lic ép dugc theo ddi lién tuc qua ddng hd do ép luc dau.
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©® VIDEO THUC TE: Robot Ep Coc Tinh van hanh

Quan st thuc té quy trinh ép coc bing robot thily Ivc: Céc xi-lanh ép
coc xubng dit mot cach ém 4i, hoan toan khong gay tiéng on hay
rung dong, phi hgp tuyét d6i cho thi cong chen trong phd.

Xem video tai day:
Click dé xem trén Youtube

52.2 CONG NGHE KHOAN CQOC NHOI (BORED PILING)

Day 1a cong nghé phiic tap nhét, thudc trudng phdi ”thay thé dat” (replacement).

)
x
L
L
!
f
!
!

Step 1: Step 2: Step 3: Step 4: Step 5:
Lowering Drilling hole Installing Pouring Extracting
steel casing reinforcement concrete casing
cage

Hinh 5.3: Quy trinh 5 budc thi cdng coc khoan nhoi.
 Pham vi itng dung: Khi cin coc c6 dudng kinh rét 16n va chiéu sau Ién (nha choc trdi,
cau 16n) hoic khi dia chét phic tap, c6 nhiéu d4.
+ Uu diém: Kha ning chiu tai cuc 16n, khong gy bién dang dit ndn xung quanh.

« Thiét bi chinh: Mdy khoan coc nhdi v6i cin Kelly Bar va giu khoan.

Quy trinh thi céng 5 budc cot 16
1. Pinh vi va Ha 6ng vach (Casing): 6ng thép tam thdi dé chéng sip miéng hd khoan.
2. Khoan tao 156: M4y khoan coc nhdi diing giu khoan 13y dat 1én.

3. Giit n dinh thanh hé: Bom Dung dich Bentonite (sét khoang) vao hd. Dung dich nay
tao p luc thay tinh l1én thanh hd, ngin khong cho dat va nudc ngam tran vao giy sat 16.
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4. V& sinh va Ha 16ng thép: Théi riia hd, sau d6 ciu va ha 1dng thép.

5. D3 bé tong: D3 bé tong tir dudi 1én bing Ong dé bé tong (Tremie Pipe). Bé tong ning
hon ddy dung dich Bentonite nhe hon trao ra ngoai.

5.3 LUA CHON PHUONG AN VA CAC CONG NGHE
KHAC

53.1 BANG TONG KET LUA CHON PHUONG AN MONG COC

Béang 5.1: So sanh lya chon phuong 4n méng coc

Tiéu chi PONG COC EP COCTINH  KHOAN NHOI
Anh huéng Moi Cuc ky on do, rung Yén tinh, khong Tuong d6i yén tinh,
truong dong manh. rung dong. khong rung dong.
Loai Tai trong Trung binh - Lén. Lén (dén vai trim  CUC LON (hang nghin
tan). tan).
Ung dung dién Cong trinh cing, ciu & Nha phd, chung Nha siéu cao ting,
hinh khu vuc thua dan. cu, vian phong Caulén.
trong phd.

© Case Study Thuec té: Bai toan lua chon méng cho Bénh vién

e Vi tri: Trung tAm thanh phd, yéu cau nghiém ngit vé tiéng 6n va rung dong.
o Tai trong: Nha 12 tang (Téi trong 16n).

« Phan tich: Péng coc KHONG PAT (moéi trudng). Khoan coc nhdi Qua ling phi (kinh
té).

* Quyét dinh: EP CQC TINH Ia phuong 4n t5i wu nhét, dung hoa giita yéu ciu k§ thuat,
kinh t€ va moi trudng.

5.3.2 GIGI THIEU THIET BI THI CONG TUONG VAY VA CAI TAO
NEN DAT

+ Thiét bi thi cong Tuong vay (Diaphragm Wall): Dung M4y cap tuong vay (Diaphragm
Wall Grab) dé dao céc ranh dat sau va hep, tao thanh tudng ting ham.

+ Thiét bi Ci tao nén dat: Dung M4y khoan tron sau (Deep Mixing Rig) dé tao coc xi
mang dit, gia ¢d nén dat yéu tai chd.
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TOM TAT CHUONG 5

Chuong 5 da dua chiing ta vao nén méng, khdm ph4 ba “trudng phai” thi cong coc. Moi quyét
dinh d&u phai bit ngudn tit Bdo cdo Khao sat Dia chét va chi s SPT.

Phuong phdp Péng coc manh m& nhung bi han ché & d6 thi. Phuong phap Ep coc tinh véi
Robot ép coc tinh 13 Iva chon hang dau cho do thi nhd su ”thAm ling” va kha ning kiém so4t
chét lugng. Cong nghé Khoan coc nhdi 13 gii phap khong thé thay thé cho cic cong trinh chiu
tai trong cuc 16n va dia chat phic tap, st dung Dung dich Bentonite dé giit on dinh thanh h6
khoan. Nam viing kién thiic nay gitip k¥ su phén tich va dua ra Iva chon méng tdi uu nhit.
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~ 2 ~ ~
CAU HOI ON TAP
~ b d P R
A. CAU HOI LY THUYET
1. Tai sao Béo cdo Khdo sat Dia chit va chi s6 SPT lai la yéu t6 quyét dinh hang dau khi lua
chon phuong 4n méng coc?

2. Phan biét ba cong nghé thi cong coc: Péng, Ep, va Khoan nhdi dua trén cic tiéu chi:
Nguyén Iy tac dong chinh (Pong/Tinh/Thay thé) va Anh huéng dén méi trudng.

3. DE tao ra luc ép, Robot ép coc tinh st dung cd ché gi? Trinh bay cdc uu diém vudt troi
cua phuong phéap nay.

4. MO ta tém tit 5 budc chinh trong quy trinh thi cong coc khoan nhdi. Vai trd c6t 16i ciia
Dung dich Bentonite 1a gi?

5. Giai thich tiéu chuan ”’dé chdi” va tim quan trong ctia n trong viéc kiém sodt chit lugng
thi cong Poéng coc.

B. BAI TAP VAN DUNG

Bai tap 5.1: Luya chon phuong 4n méng
Mot du 4n xay dung ciu vugt bién, tru ciu cin chiu ti trong rat 16n va phai xuyén qua ting dat
bun siu dé cim vao da gbc & dd sau 70m.

1. D& xuit phuong 4n thi cong méng coc phit hop nhit (Péng, Ep, hay Khoan nhdi).
2. Giai thich Iy do lua chon ciia ban dua trén yéu cau vé Tai trong, Chi¢u siu va Dia chit.

Bai tap 5.2: Phan tich rii ro tai hién truong

Trong qué trinh gidm st thi cong coc khoan nhdi, ban phat hién nha thau dirng khoan va rit mii
khoan 1én, nhung lai khong kip thdi cdp thém Dung dich Bentonite d€ giit muc nu6c Bentonite
trong hd khoan ludn cao hon muc nuée ngam.

1. Hanh dong nay c6 thé din dén rdi ro k¥ thut nao ngay 14p tiic?
2. Laky su, ban s& yéu ciu nha thau Iam gi dé khic phuc ngay 1ap ttic?

Bai tap 5.3: Phan tich kinh té - k§ thuat

Ban cin thi cong méng cho mot nha xudng cong nghiép quy md 16n (5000 m? san) trén nén dat
sét yéu. Tai trong nha xudng khong qud ning. Mot chuyén gia dé xuit st dung cong nghé Coc
xi ming dat (cai tao nén) thay vi ép coc bé tong cdt thép. Ban hiy trinh bay cdc luan diém dé
can nhic vé tinh kinh t& va k¥ thuat ciia phuong 4n Coc xi miing dat so véi ép coc.
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CHUONG 6

NHOM MAY NANG CHUYEN (PHAN 1)
- CAN TRUC

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha ndng:

1. Poc va hiéu dude 3 thong s6 vang ciia cin truc va y nghia ciia ching trén Biéu do tai
(Load Chart).

2. Nim vitng dudc nguyén tic vat Iy v& can bing Md men chong 1at va phan tich céc yéu td
anh huéng dén su 6n dinh ctia cin truc.

3. Phan biét dugc ciu tao, uu/nhudc diém va pham vi ing dung ctia hai loai can truc chinh:
Can truc tu hanh (banh 16p, banh xich) va Can truc thap.

4. Thyc hién dude quy trinh kiém tra an toan 3 budc cho mot ca nang ha.

5. Phan tich dudc cic yéu td cin can nhc khi lva chon vi tri 13p dung cén truc thap.

Ldi m& dau chuong: Sau khi nén méng di hoan thanh, cong trinh bit dau vuon Ién cao.
Giai doan nay doi héi mot nhdm mdy moéc dic biét c6 kha nang thich thic trong luc: Nhém mdy
nang chuyén. Chuong 6 sé gidi thidu v& biéu tugng hiing vi nhit ctia nhém mdy nay: Can truc
(Crane).

Viéc hoc vé can truc khong chi 1a hoc vé mdy méc, ma con 1a hoc vé trach nhiém. Mot sai
s6t nho trong viéc tinh toan, lua chon hay van hanh can truc c6 thé din dén nhitng thdm hoa kinh
hoang. Vi vy, hdy tiép can chuong hoc nay véi mot su tAp trung va cin trong cao nhét.

6.1 CAC NGUYEN TAC CO BAN VA AN TOAN TUYRT
pOI
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6.1.1 NGON NGU CUA CAN TRUC - 3 THONG SO VANG

D¢ “néi chuyén” va ra quyét dinh v6i mot chiéc can truc, ban phai hiéu dugc 3 thong s6 dinh
nghia nén kha néng lam viéc cta né:

50 | |
40 | |

30 |- —
20 |- 20t@ 12m

H 10

Méc efu (Hook)

Stic nang Q (t)

0 10 20 30 40

Tam vé6i R (m)

N
W

Hinh 6.1: Ba thong sd vang ctia cin truc: Sic nang Q, Tam véi R va Chiéu cao nang H. Siic
nang danh dinh (Q = 50 t) chi dat dugc & tAm véi nhé nhit (R ~ 3 m); khi tAm véi ting, siic
nang cho phép gidm nhanh (biéu dd tai bén phai) — tai R = 12 m chi con = 20 t, tai R = 30 m
chicon = 4 t.

1. Stc nang (Lifting Capacity - Q): Khdi lugng vat ning t6i da ma can truc ¢ thé nang
dudc.

2. Tam vé6i (Reach / Radius - R): Khoang céch theo phuong ngang tinh tir tim quay ctia cin
truc dén tAm ctia méc cau.

3. Chiéu cao nang (Lifting Height - H): Khoang céch theo phuong diing tit mit dat dén

méc cau.

6.1.2 BIEU PO TAI (LOAD CHART) - ”’KINH THANH” CUA AN
TOAN

« Nguyén téc Vat Iy Bét bién: Vai cing mot cin truc, TAM VOI CANG XA THI SUC
NANG CHO PHEP CANG GIAM.

* Pinh nghia: Biéu db tai (Load Chart) 12 bang do nha sin xudt cung cép, thé hién stc
nang cho phép ciia can truc tai moi ciu hinh Iam viéc, bat budc phai tuan thi.

Quy trinh Kiém tra An toan 3 Budc (Ky niing c6t 16i ctia Ky su):
1. Xéc dinh Téng tai trong (Gross Load):
Qténg = QVﬁt (Net Load) + QPhu kién cdu (6.1)

(trong d6 phu kién ciu gdm: mdc ciu, ma ni, cdp vai...).
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2. Xdc dinh TAm véi (Radius): Po khoing cich thuc té.

3. Dbi chiéu & Ra quyét dinh: Tra Biéu dd tai. Oéng < Ocho phep? NEu khong, ca nang dé
la KHONG AN TOAN.

CANH BAO AN TOAN TUYET POI (CRITICAL WARNING)

»SUC NANG TREN BIEU PO LA TONG TAI TRONG (GROSS LOAD)”

Mot sai 1am chét ngudi: Nang vat 5 tn, tra biéu do thiy sic nang 5 tin — Ra Iénh nang
— SAP CAN.

SU THAT: Stic nang trén biéu dd bao gdm ca:

* Trong lugng vat nang (Net Load).
* Trong lugng Méc cau (Hook Block) - (Ning tir 0.5 dén hang tén).

e Trong luong diy cdp, ma ni, dim génh (Rigging).

Cong thiic séng con:

QV@t cho phép = QBiéu a ~ (Omec + QCéP)

Ludn phdi trir di trong luong phu kién trudc khi quyét dinh nang!

© Case Study Thuc té: Ap dung Biéu do tai (Bai tip miu)

Vat nang 4.5 tan, Phy kién 0.2 tan. Tong tai trong Qys,, = 4.7 tan.

Yéu cau tAm v6i R = 10 mét.

* Tra Bi€u do tai: Tai R = 10 mét, Qo phep = 5.0 tan.

Két luan: 4.7 tin < 5.0 tAn. Ca ning AN TOAN va dudc phép thuc hién.
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Chiéu cao nang (m)
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Céch doc: tir ban kinh lam viéc (truc ngang) giéng 1én dudng bao,
chiéu sang truc doc dugc chiu cao ning di da. Cang xa mdy thi séic ning cang gidm.

Hinh 6.2: So do nguyén Iy doc Biéu d6 tai (Load Chart). S6 liéu trong hinh la con sé minh hoa
dé hoc cach doc — khong phdi thong sé ciia mot mdy cu thé. Mudn dung sé that phdi ldy diing
biéu do tdi trong catalogue ciia mdy do.

© VIDEO THUC TE: Huéng din doc Load Chart Cin truc

Ky niing doc Biéu do tai 1a k§ niing sinh ton ctia k§ su. Video nay s&
huéng dan chi tiét cdch tra ctiu: tir xac dinh chiéu dai can, ban kinh
lam viéc dén viéc tim ra con sd stic ning giGi han.

Xem video tai day:
Click dé xem trén Youtube

6.1.3 NGUYEN TAC VANG VE ON PINH (STABILITY)

Cén truc gili 6n dinh béng cdch chdng lai Mé men gay lat (do tai trong va tim véi) bing Mo
men chdng 1at (do trong lugng cin truc va ddi trong).

+ Diéu kién on dinh:
M,

chdng

> k- lelt (62)
(v6i k 12 hé s6 an toan).

* Céc yéu t6 nguy hiém: Nén dét yéu (gdy ldn chan chdng), Gi6 bio, Nang qud tai, Van
hanh dot ngdt.
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6.2 CAC LOAI CAN TRUC PHO BIEN

6.2.1 CAN TRUC TU HANH (MOBILE CRANE)

Dinh nghia: C6 khé ndng tu di chuyén, phtt hgp véi céc cong viéc nang ha don 1€, ngdn ngay.

Can truc banh 16p (Wheeled Crane)
* Pic diém: Co dong cao, di chuyén nhanh trén dudng.
e Su 5{1 dinh: Bit budc phai ha bén Chéan chdng (Qutriggers) xudng nén dét ciing dé dam
bao on dinh khi lam viéc.
Can truc banh xich (Crawler Crane)
* Pic diém: Stc nang thudng rit 16n, én dinh nhd dai xich rong.

+ Uu diém vugt troi: C6 kha ning di chuyén cham khi dang mang tai (pick-and-carry)
— diéu ma can truc banh 16p khong lam dudc.

+ Ung dung: Du 4n 16n, nén dit yéu.

© Case Study Thuc té: Bai toan 13p dim ciu

Can 1dp dam nidng 50 tin trén nén dit yéu. Can truc banh 16p (du ¢6 stic nang 16n) s& gip rii ro
16n do Iin chan chéng. Cén truc banh xich 12 Iva chon an toan hon vi su 8n dinh ciia n6 khong
phu thudc hoan toan vao chan chdng.
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Béang 6.1: So sdnh dic tinh ky thuat Can truc banh 16p va Banh xich
Tiéu chi Bénh 16p Banh xich
Tinh co dong Cao - di chuyén nhanh, d& dang Thép - di chuyén cham chap.
chuyén ving.
On dinh Trung binh - Bit budc phai ha Cao - Rat 6n dinh ngay cé trén dia

chan chéng (outrigger) khi lam
viéc.

hinh x4u, khong can chin chdng.

Kha ning mang
tai khi di chuyén

Thap - Khong nén tai ning khi di
chuyén (nguy cd 1at).

Cao - C6 thé mang tdi 16n khi di
chuyén (Pick-and-Carry).

Téc d di chuyén

40-60 km/h (di dugc trén dudng
giao thong).

5-15 km/h (phdi dung xe r6-modc
chd di xa).

Chi phi van hanh  Thép hon. Cao hon (do béo dudng bo xich).
Dia hinh phit hgp Dudng bé tong, asphalt, nén dat DAt yéu, bun 14y, ngip nudc, dia
cing bing phéng. hinh go ghé.

Thoi gian 13p rap  Nhanh (0.5 — 1 gio). Lau (2 — 4 gio dé 13p can va dbi

trong).

6.2.2 CAN TRUC THAP (TOWER CRANE)

Dinh nghia: Lip dung cd dinh tai cong trudng, 1a biéu tuong clia cdc cong trinh nha cao ting.

Ciu tao va Nguyén Iy can biing

* Hoat dong dua trén nguyén ly don biy. Déi trong (Counterweight) ducc dit & cin dbi
trong phia sau dé can bing véi tdi trong & can ngang (Jib).

 Than thap (Mast Section): Céc doan thdp 13p ghép dé€ ting chiéu cao (c6 thé "t leo”
cung véi cong trinh).
Lua chon vi tri 13p dung trén mit bing (Tu duy quy hoach)
 Vung hoat dong hiéu qua: Phai bao quét dugc tt ca cdc khu vuc nang ha quan trong.

* Giao cit cau: Trong cdc du 4n ¢ nhiéu céu, phai bd tri chidu cao khdc nhau dé cin khong
va vao nhau.

* Vi tri l3p dung va thdo dd: Phii dim bao khong gian cho cin truc tw hanh dén dé thdo
dd cu thép khi cdng trinh hoan thanh.
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He cip Ca-bin
; diéu khién
Can ngang
Ddi trong (tay can)
. HéE méce
VQ[{g quay va pllly
(0 quay)
Than thap Dﬁcfmg o
(cot chinh) nang b
2z A tA B A
Méng bé tong di%rlllgkhién

Hinh 6.3: Ciu tao cdc b0 phan chinh ctia Can truc thdp.
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CAU TAO CHINH CUA CAN TRUC THAP
(MAIN COMPONENTS OF A TOWER CRANE)

 Foundation (Méng / Chan dé):
The heavy concrete base that anchors the crane to the ground.
Phan dé bé tong ning neo giit can truc xuong dat.

* Main Mast / Tower (Than thap):
The vertical structure that gives the crane its lifting height.
Két cdu thing ditng tao nén chiéu cao ndng ciia can truc.

* Slewing Ring (Vanh mam quay):
The gear unit that allows the crane to rotate 360 degrees.
Bé6 phdn banh rdng cho phép can truc quay tron 360 dé.

» Operator’s Cab (Buong lai):
The control center where the operator sits.
Trung tam diéu khién noi nguoi van hanh ngoi.

« Jib Boom (Can ngang):
The horizontal arm that extends out to carry the load.
Cdnh tay don cong tic vuon ra dé mang vat nang.

 Counterweight (Ddi trong):
Concrete blocks used to balance the load.
Cdc khéi bé tong diing dé can bang véi vt nang.

 Hook System & Trolley (Méc ciu & Xe con):
The trolley moves along the jib, the hook grabs the load.
Xe con chay doc cdn, méc cau diing dé méc vit.
\_ J

TOM TAT CHUGNG 6

Chuong 6 da dua chiing ta vao thé gidi ctia can truc, noi An toan 1a trén hét. Ching ta da hoc
dudc Biéu dd tai (Load Chart) 12 tai liéu séng con, va nguyén tic Mé men chdng lat phai l6n
hon M6 men gay lat.

Hai “’gia dinh” cin truc chinh 12 Cén truc tu hanh (banh 18p cd dong, banh xich &n dinh) va
Can truc thap (chuyén dung cho nha cao ting, hoat dong theo nguyén ly don bdy). Viéc nim
viing c4c thong s6, nguyén tic 6n dinh va k¥ ning phan tich vi tri 1p dung 12 bit budc ddi véi
ngudi ky su.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay 3 thong sd k§ thuat co ban clia mot cin truc. Tai sao khi TAm véi ting 1én, Site
nang cho phép lai giam xudng?

2. Biéu d6 tai 1a gi? Mo ta quy trinh kiém tra an toan 3 buéc (Tong tdi trong, TAm véi, D6i
chiéu).

3. Phan tich vai trd ctia Chan chdng (Outriggers) trén Can truc banh 18p. So sanh vu diém
ctia Can truc banh xich trong viéc di chuyén khi mang tai.

4. MO téa cAu tao va nguyén ly can bang ctia Can truc thép.

5. Trinh bay 3 yéu t6 quan trong ma k¥ su can cin nhic khi Iva chon vi tri 1&p dung Can truc
thdp trén miit bing cong trinh cao ting.

B. BAI TAP VAN DUNG
Bai tap 6.1: Poc Biéu do tai va Ra quyét dinh An toan
MOt can truc can nAng mot dam thép. Thong sd thu thap:
* Khéi luong dim (Net Load): 8.5 tén.
* Phu kién cdu (day cdp, ma ni): 0.3 tan.
* Vi tri can dit dam cach tAm quay cta can truc: 15 mét.
* Tra Biéu dd tai: Tai 15 mét, Stic nang cho phép 1a 8.6 tén.
1. Tinh tong tai trong (Gross Load) clia ca ning.
2. Két luan ca nang nay c6 dugc phép thuc hién khong? Tai sao?

3. Néu dam thép ning 8.7 tin, ban sé& dua ra quyét dinh gi?

Bai tap 6.2: Phén tich Rii ro On dinh
Can truc banh 16p dang ning vat ndng vGi tAm véi gan t6i da. K§ su phat hién banh xe va Chan
chong phia tai trong bi ltin nhe vao nén dit.

1. Hanh dong nay gy ra rai ro nghi€ém trong nao (ngoai lin)?
2. Laky su, ban phéi yéu cau diing cong viéc ngay 1ap tic dé lam gi?

Bai tap 6.3: Lua chon cén truc
Du 4n nha may nhiét dién can Idp céc ciu kién siéu trudng, siéu trong (hang trim tin) trén nén
dat yéu, kéo dai 1 nam.
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1. Dé xuit loai can truc phit hgp nhit (Banh 16p hay Bénh xich) va giéi thich.
2. Loai cin truc ban chon c6 kha niing d6i phé v6i nén dit yéu nhu thé nao?

Bai tap 6.4: Phan tich Mo-men gay 1at (Stability)
M0t cin truc thap c¢6 Mo-men chdng 14t tiéu chuén 1a M g = 800 tin.m. Hé s6 an toan yéu
cau k = 1.15. Can truc dang nang vat Q = 10 tan tai tdm v6i R = 45 m.

1. Tinh M6-men gy 14t (M) do vat nang gy ra.

2. Kiém tra diéu kién on dinh: M,

héng > k x Mi? Can truc c6 an toan khong?
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CHUONG 7

NHOM MAY NANG CHUYEN (PHAN 2)

- THIET BI VAN CHUYEN LIEN TUC
VA THIET BI NANG KHAC

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha nang:

1. Phan biét dugc hai phuong thiic lam viéc chinh cta thiét bi nAng chuyén: theo chu ky va
lién tuc.

2. Trinh bay dugc nguyén ly, cu tao va ing dung clia céc thiét bi van chuyén lién tuc: Biing
tai (Belt Conveyor) va Vit tai (Screw Conveyor).

3. Mb ta dudce ciu tao, nguyén ly truyén dong Banh ring - Thanh ring va cic yéu ciu an
toan c6t 16i khi sit dung Van thiing 16ng (Construction Hoist).

4. Phan biét dugc 10 rang chiic ndng va pham vi Gng dung cda hai thiét bi ning ha don gién:
Pa lang (Hoist) va Toi (Winch).

5. Ap dung tu duy hé théng dé Iua chon thiét bi vin chuyén phil hgp nhit véi loai vt lidu va
chu ky lam viéc.

Ldi mé dau chuong: Néu Chuong 6 di gidi thiéu vé nhitng “luc si” chuyén ning cic vat
ning ky luc theo titng chuyén (Can truc), thi Chuong 7 s& dua chiing ta dén véi nhiing ”’van dong
vién marathon bén bi” ciia cong trudng. Chiing chuyén van chuyén vat liéu mdt céch lién tuc,
on dinh va hiéu qua theo nhiing tuyén di dinh sdn. Bén canh d6, ching ta cling s& tim hiéu vé
”chiéc thang may” ctia cdc tda nha cao ting va nhitng cong cu ning ha nhé gon. Ndm viing vé
céc thiét bi nay s& gidp cac ban hoan thién bic tranh tong thé vé logistics va giao thong trén cong
truong.
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7.1 MAY VAN CHUYEN LIEN TUC (CONTINUOUS
CONVEYORS)

7.1.1 PHAN LOAI TONG QUAN VA UU PIEM COT LOI

* Dinh nghia: M4y van chuyén lién tuc 12 cdc loai mdy c6 kha ning van chuyén vat liéu
(cht yéu 1a vat liéu r&i) thanh mot dong lién tuc, khong bi gidn doan.

* Phan loai theo Chu ky lam viéc:
— Theo chu ky (Cyclic): Can truc, Xe ben, Van thing 10ng (tling chuyén mot).
— Lién tuc (Continuous): Bang tai, Vit tai (tao ra dong chdy khong ngling).
+ Uu diém: Ning sudt cuc cao, chi phi van hanh thip, hoat dong 6n dinh va c6 thé tu dong
héa cao.
7.1.2 BANG TAI (BELT CONVEYOR) - "DONG SONG” VAN
CHUYEN VAT LIEU THO

ﬂ‘ = M)

Hinh 7.1: Hé thong bing tai van chuyén c6t lidu lién tuc tai tram nghién.

* Nguyén Iy: Van chuyén vat liéu bing mot ddi bing cao su bén chic, chuyén dong lién tuc
nho hé théng con lin d5 (Idlers) va tang chii dong.

+ CAu tao chinh: Bing ti, Tang chii dong/bi dong, Hé thong con lin ds.
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+ Ung dung dién hinh: Van chuyén cét, d4 trong tram trén bé tong; “Mach médu” vén
chuyén da giita cic mdy nghién sang.

© Case Study Thuec té: Bai to4n lua chon giita Bing tai va May xic lat

Pé cung cdp vat liéu lién tuc, on dinh va an toan cho mdt ddy chuyén san xudt c¢é dinh (nhu tram
trén bé tong), dau tu vao hé thong Bang tai luén la lua chon toi wu hon vé mdt chi phi van hanh
va nang sudt on dinh so vdi viéc diimg Mdy xiic lat phdi di chuyén lién tuc, gdy ra tiéng on va 6
nhiém.

7.1.3 VIT TAI (SCREW CONVEYOR) - "PUONG ONG” CHUYRN
DUNG

¢ Nguyén ly hoat dong: Mot truc vit quay lién tuc bén trong mot dng/méng kin, céc cdnh
vit ddy vat liéu trugt doc theo mang.

+ Ung dung chuyén biét: Chi ding cho cic loai vat liéu dang bot, hat min va khé (vi du:
xi mang, tro bay, bot da).

+ Uu diém c6t 16i: Ciu tao kin gitip chéng bui (6 nhiém) va chéng dm (bio vé chit luong
xi ming) tuyét doi.

D)

\/ o ® —0

° o o \/

A Truc vit & canh vit (Screw & Flight) B Méng chit U c6 ndp day kin (Trough & Cover)
coO truc (Bearing) D Cta nap (Inlet)
E Ctia xa (Qutlet) F Dong co + hop gidm téc (Drive)

Hinh 7.2: So dd cau tao vit tdi (truc vit xodn trong mang kin): (I) mit cit doc — (A) truc vit
& cdnh vit, (B) mang chit U c6 nép day, (C) 6 truc, (D) clia nap, (E) ctia xa, (F) dong co — hdp
giam t6c (ndp mang da béc dé 19 ruot, thé hién bing nét dit); (II) mit cdt ngang cho thidy mang
kin c¢é nap diy — chinh 12 co s& ctia uu diém chéng bui, chéng am.
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7.2 CAC THIET BI NANG CHUYEN DUNG KHAC

7.2.1 VAN THANG LONG (CONSTRUCTION HOIST) - "THANG
MAY” CUA CONG TRUONG

Cong dung: Van chuyén ngudi va vat liéu nhe 1én céc ting cao theo phuong thing ding.

Hinh 7.3: Van thing 16ng thi cdng tai cdng trinh cao ting.

CAu tao va Nguyén Iy hoat dong

+ Ciu tao chinh: Ldng nang (Cage), Dot than (Mast Section - 1am dudng ray), Co ciu din
dong.
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+ Nguyén ly truyén dong: Hé thong Banh riing - Thanh ring (Rack and Pinion). Binh
ring trén 10ng nang #n khSp va ’bd” 1én/xudng trén thanh ring gin doc cot than thap. Co
ciu nay ddm bao su di chuyén an toan va on dinh.

An toan Van thiing 16ng - Yéu ciu bit budc

e Phanh ham an toan (Safety Brake): Co ciu phanh ly tAm, tu kich hoat va kep chiit vao
thanh ring néu 16ng nang di xudng qué tdc dd cho phép. La “du ctu sinh” quan trong
nhat.

 Khéa lién dong cira (Door Interlock): Dam bio 10ng khong chay khi ciia ting hodc clia
16ng chua dong kin.

+ Cong tic hanh trinh (Limit Switch): Tu dong ngit dién va diing 16ng & ting trén cling

va dudi cung.

7.2.2 PA LANG (HOIST) VA TOI (WINCH) - CONG CU NANG HA
NHO GON
* Pa liang (Hoist):

— Cong dung: Chuyén ding d& nang/ha vit theo phudng thing ditng.

- Ung dung: Nang ha mdy méc trong nha xudng, ciu 13p khudn miu.

/’,‘\‘
Méc treo W ( " ‘\Q‘L:‘ )
> “\-/

% Théng tin vé& san phdm

Béanh dia xich

Xich dan vé tan
(xich kéo)

Méc tai

%

§ Hé théng dan déng
) \ kép tro' lwc téi da

Truc vit chinh

(b) Tdi kéo xoén 6¢ v6i banh ring siu (Chuyén
(a) Pa lang xich (Chuyén nang ding) kéo ngang)

Hinh 7.4: Phan biét Pa lang va Tdi dua trén phuong lam viéc.

¢ Toi (Winch):

— Cong dung: Chuyén dung dé kéo vat theo phwong ngang hoic phuong nghiéng.
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— Ung dung: Kéo vat liéu ra khoi ham 10, kéo xe bi hong.

© Kinh nghiém: Nang hay Kéo?

+ Nang thing diing mét tai trong 1 tin: Chon Pa ling.
+ Kéo ngang mét ti trong 1 tin trugt trén san: Chon Toi.

* Diing Pa ling dé kéo ngang la sai muc dich thiét ké va cuc ky nguy hiém.

TOM TAT CHUONG 7

Chuong 7 da hoan thién bic tranh vé nhém may nang chuyén.

Ching ta da phan biét rd phuong thic 1am viéc Lién tuc (Bing téi, Vit tai) va Theo chu ky
(Van thing, Can truc). Bing tai 1a giai phdp logistics cho vat liéu rdi thd, con Vit tai 1a chuyén
gia cho vat liéu bdt nhu xi ming nhd cu tao kin chéng 4m va chdng bui.

Vian thiing 16ng 12 thiét bi giao thong diing clia cong trudng, hoat dong nhd nguyén ly Banh
riang - Thanh ring, va yéu ciu gidm sit an toan nghiém ngit (Phanh ham an toan). Cudi cung,
Pa Ling va Tdi 1a ciip d6i hd trg, mot bén chuyén nang thing ding, mot bén chuyén kéo ngang.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Phan biét hai phuong thic 1am viéc chinh ctia thiét bi ning chuyén (theo chu ky va lién
tuc). Cho hai vi du cho mdi loai.

2. Trinh bay cdc vu diém vudt trdi clia Vit tai so v6i Bing tai khi van chuyén vat liéu dang
bot nhu xi méing.

3. M6 t4 nguyén ly truyén dong Banh ring - Thanh ring cta Van thing 10ng.

4. Tai sao hé thong Phanh ham an toan lai 12 ”dd ctu sinh” quan trong nhét trén Van thing
10ng?

5. Phan biét su khac nhau co ban vé chtic ning va ting dung giita Pa ling va Tdi.

B. BAI TAP VAN DUNG

Bai tip 7.1: Lua chon thiét bi
Du 4n can dua céc vat liéu sau 1én tang 30. Hay chon thiét bi phtt hdp (Van thing, Can truc thdp,
Pa lang) va giai thich:

* a. Thép hinh, thép hdp (vat ndng, vat dinh hinh dai).
* b. Cong nhén va vt li€u hoan thién nhe (gach, vita, dung cu).
e ¢. Ciu kién dam bé tdng cdt thép ning 15 tin.

Bai tap 7.2: Phan tich an toan van thing
K§ su phét hién cong nhan chém gb dé cita ting him clia Van thiing 10ng ludn md (ké cé khi
10ng dang & trén cao).

1. Hanh dong nay vi pham hé thong an toan nao?
2. Chi ra hai rdi ro nghiém trong c6 thé x4y ra.

Bai tap 7.3: Tu duy hé théng
Hay dién tén thiét bi vao bang phan loai sau: Vit tdi, Can truc thap, May xiic ldt, Xe ben.

Vat liéu Roi Vat Dinh hinh
(Cat, xi ming) (Thép, Dam)
Lam viéc theo Chu ky May xiic ldt, Xe ben ?
Lam viéc Lién tuc ? (It gap trong XD dan dung)

Gido Trinh May Xay Dung Trang 64



GIAO TRINH MAY XAY DUNG 2026

CHUONG 8

NHOM MAY SAN XUAT VAT LIEU

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c¢6 kha nang:

1. V& va giai thich dugc so do diy chuyén cong nghé cia mot Tram tron bé tong xi ming
dién hinh, dic biét 1a vai trd ctia hé thdng dinh lugng.

2. Mb ta dudc diy chuyén sin xuit cia mot tram nghién sang c6t liéu theo Chu trinh kin.

3. Nhan dang va trinh bay dudgc nguyén Iy hoat dong ctia cdc may chinh trong diy chuyén:
May trén cudng bitc, M4y nghién ham, M4y nghién con, va My sang rung.

4. Phan tich dugc su khéc biét co ban vé quy trinh cong nghé giiia tram tron bé tong xi ming
va tram trdn bé tdong nhua néng (s& hoc chi tiét hon & C10).

N

Loi mé dau chuong: Bé tong va cbt lidu (d4, cét) 1a “thuc phdm” chinh, chiém khéi luong
16n nhat trong moi cong trinh x4y dung. Chét lugng cta chiing quyét dinh truc tiép dén tudi tho
va su bén viing ctia cong trinh. Chuong 8 s&€ dua ching ta vao tham quan hai “nha bép” cong
nghiép: Tram nghién sang ("nha bép kho”) chuyén san xuit ra céc loai c6t liéu ding kich ¢d,
va Tram tron bé tong ("nha bép udt”) chuyén tao ra bé tong tuci chit luong cao. Hiéu vé hai
day chuyén nay l1a hiéu vé& cach dam bao chat ludng vt liéu dau vao - mot trach nhiém cot i clia
nguoi ky su.

8.1 TRAM TRON BE TONG (CONCRETE BATCHING
PLANT) - ”"NHA BEP UOT”

8.1.1 SO PO DAY CHUYEN CONG NGHE VA PINH LUGNG

Tram tron hoat ddng nhu mot diy chuyén tu dong héa cao, ddm bao ty 1€ tron chinh x4c tuyét
doi.

1. Luu trit: Cat, d4 trong Ph&u chita ¢6t liéu; Xi ming trong Silo kin.
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Phé&u cét liéu Silo xi ming
(Aggregate bins) (Cement silo)

Y Y
Bing tai Vit tai
(Belt conveyor) (Screw conveyor)

\ /

Pinh lugng — Can dién ti

« Budc quan trong nhat

(Dosing / Weighing)

Y

Mdy tron |, | Nudéc & phu gia

(Mixer) |‘ | (Water & Admixture)
Y

X4 liéu

(Discharge)

Y

Xe trOn bé tong
(Truck mixer)

Hinh 8.1: S6 do day chuyén cong nghé tram trdn bé tong xi ming. Cdt liéu (cét, dd) chia trong
ph&u va xi ming chia trong silo kin, dudc dua 1én bing bing tai va vit tii. Budc then chét 1a
Dinh lugng (Dosing / Weighing) — mdi loai vat liéu dudc cin riéng trén hé thdng can dién ti
doc 1ap, quyét dinh Mdc bé tdong. Sau d6 céc thanh phian dugc x4 vao mdy tron, roi xa xudng xe
trOn bé tong.

2. Van chuyén: C6t liéu bing Biing tai; Xi ming bing Vit tai (di hoc & C7).

3. Pinh lugng (Weighing / Batching): Buéc quan trong nhat. Mdi loai vit liéu dudc can
trén mot hé thong can dién ti doc 1ap. Viéc kiém sodt su chinh xdc clia cin quyét dinh
Mic bé tong (cuong dd) sau nay.

4. Tron (Mixing): Céc thanh phan dugc xa vao May tron.

5. Xa liéu (Discharging): Bé tong tudi dudc x4 xudng Xe van chuyén bé tong.

© Case Study Thuc t&: Giam sat Pinh lugng (Bai tip miu)

+ Tinh hudng: Bé tong Mac 300 yéu ciu 350 kg Xi ming. Phiéu tron thuc té chi ghi 315 kg.
* Phan tich: Thiéu 10% xi ming s& lam bé tong khong dat cudng do thiét ké.

 Hanh déng ctia Ky su: Yéu ciu ngirng cip bé tong ngay lap tirc, khong sit dung mé bé
tong 13i, v yéu cau hiéu chinh hé théng can xi ming trudc khi tiép tuc.

8.1.2 MAY TRON (MIXER) - "TRAI TIM” CUA TRAM TRON

* Mady trén tu do (Free-fall Mixer): Thung tron quay, vat liéu rdi tu do. Thudng dung cho
mdy nho hoic trén xe bon.
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¢ May tron cudng bic (Forced Mixer): Thung ding yén, canh tron quay toc do cao. Loai
dugc sit dung trong hau hét cac tram trén hién dai vi cho chit lugng bé tong ddng déu

va tot hon nhiéu.
MAY TRON BE TONG

‘ Theo phuong phap trén ‘ ‘ Theo céch b tri thing
Roi tu do Cudng biic A sl A
(Free-fall) (Forced) * Tron ding Tron ngang

Hinh 8.2: S6 do phan loai mdy tron bé tdong. Hai ti€u chi phén loai chinh 1a phuwong phéap tron
va cach bé tri thing. Trong thuc té, mdy trén cudng bitc W dugc ding & hau hét cdc tram
tron hién dai vi cho chét lugng bé tong dong déu hon hén.

Bang 8.1: Phan loai va so sdnh cdc loai may tron bé tong theo bon tiéu chi.

Tiéu chi Loai Nguyén ly - Dic diém Ung dung dién hinh
Phuong phép Roi tu do Thung quay, cdnh ddo ning vat Bé tong déo, do sut 16n;
tron (Free-fall) liéu 1én 16i dé roi tu do; tron nhd ~ mdy trdn nhod va xe bon
trong luc.
Cudng bic Thung diing yén, canh tron quay Bé tong kho, méc cao,
(Forced) tdc do cao, cudng bic d4o tron vat  bé tong nhe; tram tron
liéu. hién dai
B4 tri thung Tron ding Truc tron thing ding, thung ding  G&n lién v6i mdy tron
yén. cudng btic
Tron ngang Truc tron nim ngang; thing quay ~ Mady trdn roi tu do, xe
(roi tu do) hoic cénh quay. bdn
Ché do 1am viéc  Chu ky (gidn Dong dit mot mé, trdn rdi x4 hét;  Phd bién nhét & tram
doan) sau d6 1dp lai mé méi. tron
Lién tuc Cép liéu, tron va x4 liéu dién ra Tram tron di dong,
lién tuc. cong suit 16n
Kha ning di Cb dinh Diit ¢b dinh tai tram tron. Tram tron thuong pham
dong
Di dong Gin trén khung hoic xe, c6 thé Cong trinh xa, khoi
céu chuyén. lugng nho
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8.2 DAY CHUYEN NGHIEN SANG DA - ”NHA BEP
KHO”

8.2.1 CAC MAY CHINH TRONG DAY CHUYEN COT LIEU
+ a. M4y nghién ham (Jaw Crusher):

— Nguyén ly: St dung lwe nén ép giita mot ham tinh va mot ham dong dé lam vo da.

— Ung dung: Nghién sd cip (nghién d4 16n nhit) — Giéng nhu mdt c4i ham nhai thé.
* b. M4y nghién con (Cone Crusher):

— Nguyén Iy: Két hop lue nén ép va luc cat/mai khi nén nghién quay 1&ch tim.

- Ung dung: Nghién thit cip (nghién tinh), tao ra cdc vién d4 c6 hinh dang khéi (tron
canh) t6t hon, gidm céc hat det.

* ¢. May sang rung (Vibrating Screen):
— Nguyén ly: St dung rung dong tin s cao dé phan loai d4 theo kich thudc thong qua
cac ludi sang.

8.2.2 SO PO DAY CHUYEN NGHIEN SANG ”CHU TRINH KiN”
DAy chuyén Nghién Sang dugc thiét ké theo Chu trinh kin dé ddm bao chit lugng séan pham va
tdi vu hoa hiéu qua kinh té.

Quy trinh:

1. P4 hoc vao M4y nghién ham (Nghién so cip).

2. D4 dudc dua 1én M4y sang rung (Sang loc 1an 1).

3. D4 dat kich thudc ra bai thanh pham.

4. P4 ”qud ¢5” (chua lot qua ludi sang) dudc Bing tai héi liéu dua dén M4y nghién con
(Nghién thtt cap).

5. D4 nghién xong lai dudc dua quay tré lai May sang dé tiép tuc phan loai.

Gido Trinh May Xay Dung Trang 68



GIAO TRINH MAY XAY DUNG 2026

(sang so bo) (nghién tho)

Cip liéu rung }[ M4y nghién ham ]

Phéu
tiép lidu

dd thd
Y
P4 thanh pham ], dat chudn [ M4y sang rung ]1 biing ti
(dat kich c@) J‘ l (phan loai) J‘ hoi lidu )
qud cd
Y
May nghién con ] )

(nghién thd cip)

Hinh 8.3: So dd day chuyén nghién sang da theo chu trinh kin.

© Kinh nghiém Cong truong: Bi mat ctia ”’Chu trinh kin”
gnie g g d

Viéc sit dung Chu trinh kin ddm bdo hai loi ich quan trong: (1) Tan dung téi da vat liéu (khong
lang phi da qud cé); (2) Pam bao chét luong dong nhét (moi vién da déu phdi dat kich thuéc yéu
cau trudc khi dugc xudt ban).

TOM TAT CHUONG

Chuong 8 da dua chiing ta vao hau trudng sdn xuit vat liéu. Tram trén bé tong 1a noi vat
liéu dudc dinh lugng chinh xdc (budc quan trong nhat) va dugc tron cudng biic trong Mdy tron
cudng bitc dé tao ra bé tong chit luong.

Tram nghién sang st dung t5 hop M4y nghién ham (nhai thd) va M4y nghién con (nghién
tinh) cling v6i Mdy sang rung dé phan loai. Viéc t6 chiic diy chuyén theo Chu trinh kin 12 yéu
t0 then chdt dé ddm bao chat lugng va kinh té ctia cdt liéu dau ra. Hiéu o quy trinh nay gidp ky
su kiém sodt dudc chét lugng tir ngudn vat liéu.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. V& sd do khéi va trinh bay 5 buéc trong day chuyén cong nghé ctia mot tram tron bé tong.
Budc nao dugce xem la quan trong nhit va tai sao?

2. Trinh bay su khdc biét vé nguyén ly lam viéc gitta Mdy nghién ham va Mdy nghién con.
Néu vai tro cla tiing loai may trong ddy chuyén san xuét cot liéu.

3. Giai thich vai tro ctia Bang tai hoi liéu trong viéc tao ra diy chuyén nghién sang d4 theo
Chu trinh kin.

4. Tai sao trong tram tron, cat va d4 thudng dudc van chuyén bing Bing tai, nhung xi ming
lai phii diing Vit tai?

B. BAI TAP VAN DUNG

Bai tap 8.1: Phan tich su’ ¢6 Pinh lugng
Mot tram tron bé tong vita hoan thanh cong tdc hiéu chinh. Thi nghiém cho thy, khi can dinh
luong 1000 kg cdt, can dién tir chi bao 980 kg (thiéu 20 kg).

1. Sai s6 nay c6 vi pham quy dinh vé dinh lugng vAt liéu trong sén xuét bé tong khong?

2. Viéc dinh lugng thiéu cét (¢t liéu min) ¢6 thé anh hudng gi dén tinh cong tac (workability)
cua mé bé tong? (Ggi y: Bé tong s€ trd nén thoé hay min hon?)

Bai tap 8.2: Lua chon cong nghé cho vat liéu méi
Mot mé d4 mdéi khai thdc dudc loai dé rat ciing va c6 hinh dang vién d4 det (flat). Nha thau
mudn cai thién hinh dang vién d4 (tdng tinh khoi) dé chét lugng bé tong dudc tot hon.

1. Trong diy chuyén nghién sang, ho cin sl dung loai may nghién nao dé giai quyét vin dé
nay (Mdy nghién ham hay Mdy nghién c6n)?

2. Nguyén ly lam vi€c nao cta loai may dé gitp cai thi€n hinh dang vién da det?
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CHUONG 9

NHOM MAY THI CONG BE TONG

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha nang:
1. Hiéu dudc vai trd kép (vin chuyén + tron duy tri) cia Xe van chuyén bé tong.

2. Phan biét dugc ciu tao, phan loai (Bom can, Bom tinh) va pham vi Ging dung cia Mdy
bom bé tong.

3. Giai thich dugc tAm quan trong cla viéc kiém soét D9 sut (Slump) dbi véi chit lugng va
kha ning bom cda bé tong.

4. Nim vitng duge muc dich va ky thuat sit dung cdc thiét bi PAm diii va Pam ban dé loai
b6 18 réng va tranh khuyét tat rd mit.

5. Ap dung kién thite dé 1ap mot checklist co ban cho viéc chudn bi mot ca d6 bé tong thanh
cong.

Loi mé dau chuong: Sau khi dudc “ché bién” tai tram tron (Chuong 8), bé tdng tudi bit
dau mot cudc chay dua véi thdi gian. N6 phai dudc van chuyén, dua dén ding vi tri thi cong va
dam 1en trudc khi qud trinh ninh két bdt dau. Chuong 9 s& gii thiéu vé cdc ¢ mdy trong “hé
thdng tudn hoan” tinh vi nay, ti nhitng chiéc xe bon giif cho ’m4u” bé tdng ludn tuoi, dén nhiing
rong thép” bom bé tdng vucn Ién hang chuc ting cao, va cudi cung 14 nhitng thiét bi nhd nhung
tdi quan trong gitip bé tong dat dugc chat lugng cudi cing. Viéc 1am chii céc thiét bi nay 1a 1am
chii dugc mot trong nhitng cong tic phd bién va quan trong nhét trén moi cong trudng.

9.1 VAN CHUYEN VA PUA BE TONG LEN CAO

9.1.1 XE VAN CHUYEN BE TONG (TRANSIT MIXER)
* Cong dung kép:

— Van chuyén: Dua bé tong tudi tif tram trén dén cong trudng.
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— Tron lai (Agitating): Bon tron ludn quay cham (2-6 vong/phit) trong sudt qud trinh
di chuyén dé giit cho hdn hop khong bi phan tang (cit d4 1ing xudng) va 1am chim
qud trinh ninh két.

 Nguyén Iy x4 liéu: Khi ddo chiéu quay ctia bon, cénh tron xodn 6¢ s& tu dong ddy bé tong
ra ngoai.

Video md phdng mit cit bén trong ctia bon tron. Quan sét ky hé
thong canh xoin 6c¢ (spiral blades): Khi quay chiéu nay thi n6 ddy
vat liéu vao trong (trdn), khi quay chiéu ngudc lai thi né diy vat liéu
ra ngoai (xa).

Xem video tai day:
Click dé xem: Cement mixer drum in action
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9.1.2 MAY BOM BE TONG (CONCRETE PUMP) - CUQC CACH
MANG TOC PO

M4y bom bé tdng 1a thiét bi dung 4p luc cao dé day bé tong tuci qua mot hé thdng dudng 6ng,
lam ting t6c do thi cong két cAu 1én gip nhiéu lan.

Nguyén ly hoat dong (Bom Piston)

Hoat dong nhu mdt cip xi-lanh thiiy luc. Khi piston 1 ddy bé tdng vio dudng dng, piston 2 hiit
bé tong tit phéu, sau d6 qud trinh ddo ngudc, tao ra dong chéy lién tuc.

© VIDEO THUC TE: Bén trong M4y bom Bé tong

Xem video mo6 phdng 3D cuic rd nét vé céch hai piston thity Ivuc phdi
hop nhip nhang véi Van dé (Rock Valve) dé day dong bé tong di lién
tuc ma khong bi ngit quang.

Xem video tai day:
SCHWING-Stetter - How a concrete pump works

(a) Bom can (Boom Pump) (b) Bom tinh (Line Pump)

Hinh 9.2: Phan biét hai loai may bom bé tong phd bién. (Anh: Wikimedia Commons — gidy phép CCO)
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Phén loai May bom bé tong

Bang 9.1: So sanh Bom cin va Bom tinh

Tiéu chi Bom can (Boom Pump) Bom tinh / Bom ngang (Line
Pump)

Ciu tao Gin lién trén xe tii, c6 mot can  La mdt diu bom ddc 1ap, bom qua
bom robot nhidu ddt, c6 thé gip cic doan dng thép dudc 1ip ndi
va vuon xa. tha cong.

Ung dung D3 bé tong san, coOt, vach cianha  Bom bé tong méng, san ting ham,
cao tang, két ciu I6n. céc vi trf trong hém nho hodc qua

khoang cdch rat dai.

B Cong thic: Udce tinh thoi gian dd bé tong

K§ su can tinh thdi gian bom (T3) d€ 1én k& hoach goi xe bé tong (diéu phdi nhip nhang):

3 Viét cau s
Tas = Qun * Kgq x Kp, (£i0) -

Trong do:
* Vig eqy: ThE tich khdi bé tong can d6 (m3).
* Q,,: Niing suit danh nghia cia bom (m3 /h - xem Catalogue mdy).

e K,;: Hé s6 st dung thdi gian (thudng 0.6 — 0.7 do phdi diing ch xe, chuyén can
bom).

* Kj,: Hé s6 hao hut bé tdng.

& Vi DU MINH HOQA: Ké hoach d§ bé tong

Pé bai: Cin dd méng 120 m>. Dung bom tinh ning suit danh nghia 60 m3 /h. Do diéu kién chat
hep, hé sb st dung chi dat K, = 0.5.

Loi giai:
* Niing suit thuc té: Q,, = 60 x 0.5 = 30 m3/h.
e Thoi gian bom: T = 120/30 = 4 gio.

* K& hoach: Néu xe bdn 6m3, cin 120/6 = 20 chuyén xe trong 4 gid — Trung binh
12 phiit phai ¢6 1 xe dén dé bom khong bi diing.
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9.1.3 KIEM SOAT PO SUT (SLUMP TEST) - TIEU CHUAN BOM

Chay dam
Thudc gat
Miic gbe
Do sut
(Slump)
(a) P4 3 16p, (b) Gat phing (c) Nhic con thing ding (d) Do dd sut
dam 25 nhat/I6p miéng con (5-10 s) (Slump)

(Strike off)

Hinh 9.3: Quy trinh thi nghiém kiém tra D0 sut (Slump Test) theo TCVN 3106:2022. Bé tong
dugc dd vao con 3 16p, ddm mdi 16p 25 nhat (v6i con N1), gat phing miéng con rdi nhic con
thing ding trong 5-10 gidy. Do sut 1a chénh léch chidu cao giita dinh con ban diu va dinh
khdi bé tong sau khi sut. Coén N1 tiéu chuin: dudng kinh dinh 100 mm, dudng kinh ddy 200
mm, chiéu cao 300 mm.

* D) sut (Slump) 1a chi s6 do ludng tinh cong tac (Workability) ctia bé tong, cho biét do
déo va kha nang chdy ctia n6. Phuong phdp thi nghi€ém theo TCVN 3106:2022 [20].

* Quy tic: Bé tong ding dé bom phai c6 do sut nim trong mot khoing quy dinh (thudng
12-16 cm).
— Bé tong qua kho (P9 sut thip): Rat khé ddy, gdy tic bom va lam hong dudng 6ng.

- B@ tong qua w6t (D9 sut cao): DE bi phan ting trong dudng 6ng va trong két ciu,
din dén giam cudng do.
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@ Case Study Thuc té: Xt Iy su ¢6 Do sut thap tai hién trudng

Tinh hudng: Bé tong dén cong trudng cé do sut do dudc chi dat 8 em (Yéu ciu ti thidu dé bom
1a 12 cm).

Quy trinh Ra quyét dinh ctia K§ su (Tu duy gidi quyét vin dé):
1. B1: P4nh gia kha niing khic phuc: Ngiing x4 bé tong ngay 14p tic. Kiém tra

xem quy trinh chét lugng (QA/QC) ctia dut 4n c6 cho phép thém phu gia siéu déo
tai hi€n truong hay khong?

2. B2: Ra quyét dinh:

* Phuong an A (Pugc phép): Thém phu gia dudi su gidm sat ctia thi nghiém
vién - Tron lai — Do lai do sut. Néu dat —» Cho phép bom. (Day la giai
phdp kinh té nhét).

* Phuong 4n B (Khong duge phép/Khong dat): Tir chdi nghiém thu va yéu
cau xe bon quay vé tram tron.

Két luan cot 16i: Tuyét doi khéng duoc phép bom bé téng cé do sut thap hon quy dinh, vi
riii ro tdc bom sé gay thiét hai I6n hon nhiéu so véi gid tri ciia mot xe bé tong.

9.2 HOAN THIEN BE TONG VA LAP KE HOACH

9.2.1 CONG TAC PAM LEN BE TONG - LOAI BO LO RONG

» Muc dich: Bé tong tudi chtia nhidu bot khi. Pam lén (Compaction / Vibration) 13 cong
tac bit bude dé loai bd cdc bot khi bi ket lai.

 Hau qua khi ddm khéong k§: Giam cudng do, giam kha ning chéng thim, giy ra khuyét
tat ro mit (honeycombing) va giam lién két giifa bé tdng va c6t thép.

(a) Pam dui (PAm siu bén trong) (b) Dam ban (Dam phing bé mit)

Hinh 9.4: Céc thiét bi dAm lén bé tong: Dam dui cho khdi 16n va Dam ban cho mit san.
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Pam dui (Internal / Poker Vibrator)

* Loai phd bién nhét. Ding qua diii c¢6 khéi 1éch tim quay dé tao rung dong, “héa 16ng”
bé tong tam thoi, gitp bot khi ndi I1én.

¢ Ky thuit: Cdm dui theo phuong thng ding, rit ra tir tir.

Pam ban (Surface Vibrator)

Dung cho céc két cAu mong, rong nhu san nha, mit dudng bé tong.

9.22 LAPKE HOACH VA CHUAN BI CHO MOT CA PO BE TONG

© Kinh nghiém: Checklist 5 diém trudc gio ”G”

Mot ca d6 bé tong thanh cong phu thudc vao su chuin bi k§ ludng. K§ su gidm sat phai kiém tra:

1. Cot thép & Cop pha: Da lip diing, sach s&, va da dugc tusi am (dé cp pha khong hit
nudc clia bé tong) chua?

2. Vi tri dit bom: Pi dugc t6i uu, nén dit dii ciing dé chiu tii Chan chéng ciia bom cin
chua?

3. Nhan luc & Thiét bi phu trg: Di c6 di nhan cong, va quan trong nhét: DA c6 it nhat 1
may Pam diii du phong chua?

4. Piéu phéi & Lién lac: Da thdng nhit toc d6 cap xe bon véi tram tron chua?

5. An toan: Khu vuc nguy hiém (6ng bom, khu vuc dd) da dugc rao chin, dit bién cénh bao
chua?

TOM TAT CHUONG

Chuong 9 da theo sét hanh trinh ciia bé tong tudi. Xe van chuyén bé tong véi vai trd tron duy tri
dam bao chit lugng. Mdy bom bé tong (Bom can va Bom tinh) 1a cong cu hién dai hoa, nhung
hiéu qué cta chiing phu thudc vao su kiém sodt Do sut.

Cong tic Pam lén véi Pam dii 13 bude cudi cling, tdi quan trong dé loai bd bot khi va tranh
khuyét tit rd mit. Viéc nim viing quy trinh nay va c6 checklist chudn bi nghiém ngit 1a diéu
kién tién quyét cho moi k§j su gidm s4t.
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~ 2 ~ ~
CAU HOI ON TAP
~ b d P R
A. CAUHOI LY THUYET
1. Trinh bay vai trd kép clia Xe van chuyén bé tong. Giai thich tai sao viéc chéng phan ting
lai quan trong trong sudt qud trinh van chuyén.

2. So sanh uu, nhugc diém va pham vi Ging dung cia Bom can (Boom Pump) va Bom tinh
(Line Pump).

3. D0 sut (Slump) 1a gi? Trinh bay rii ro k§ thuat néu c6 bom bé tdng c6 do sut qua thap.

4. Tai sao phai dim l&n bé tong? Viéc dim khong k§ c6 thé giy ra nhiing hau qua gi (khuyét
4t k§ thudt)?

5. Néu va giai thich 3 hang muc cong viéc quan trong nhat ma mot k§ su can kiém tra lién
quan dén cop pha va cbt thép truéc khi bit ddu mot ca dd bé tong.

B. BAI TAP VAN DUNG

Bai tap 9.1: Lua chon thiét bi
Du 4n cin dd bé tdng cho cdc hang muc sau. Hay dé xuét phuong 4n (Bom cin, Bom tinh, hay
Can tryc thung vita) va giai thich:

* a. San ting 35 ctia mot tda nha vin phong.

e b. Mot khdi méng don nhé (2 m3) & vi trf ma xe bon ¢6 thé tiép can nhung mdy bom khong
thé 13p dit dudc.

e ¢. D6 bé tong cdt cho mot ting him sau 3m.

Bai tap 9.2: Phén tich khuyét tat va Phuong phap dim
Sau khi thdo c6p pha tudng cao 4m, phan mit trén bi 16 li ti, phan duéi dep.

1. Phan tich nguyén nhan k§ thuét c6 kha ning cao nhat giy ra hién tugng rd mit & phan trén.
2. K§ thuit dAm dui ding cin phai dudc thuc hién nhu thé ndo dé tranh hién tugng nay?

Bai tap 9.3: Van dé phan ting trong Xe van chuyén bé tong
Mot xe bé tong bi ket xe 2 gid. K su lo ngai hién tugng phan ting.

1. Dé giam thiéu nguy co phan ting trong qu4 trinh chd dgi, ngudi van hanh xe nén 1am gi?

2. Truéc khi x4 bé tong vao phéu bom, k¥ su phai yéu cau thuc hién hanh dong gi v6i xe van
chuyén dé dam bao hdn hop ddng nhit trd lai?

Bai tap 9.4: Udc tinh thoi gian d§ bé tong
Mot mdy bom cin c6 ning suit danh nghia (Iy thuyét) Q,, = 90 m>/h. Cin d6 mot san bé tong
c6 thé tich V = 500 m?3.
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1. Néu hé s6 st dung thdi gian thuc t€ K,; = 0.65 (do chd xe, chuyén cin...), hdy tinh ning
sudt thuc té cia bom.

2. Uéc tinh tong thdi gian (gid) dé hoan thanh ca do bé tong nay.
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CHUONG 10

NHOM MAY THI CONG MAT PUONG

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha nang:

1. M ta dugc so do day chuyén sén xuit tai mot Tram tron bé tong nhua néng (Asphalt
Plant) va chi ra yéu t6 cot 16i (Nhiét do) quyét dinh.

2. Trinh bay dugc ciu tao chi tiét va nguyén ly hoat dong ctia My rai bé tong nhua (Asphalt
Paver), dic biét 1a vai tro cia bo phan Screed.

3. Phan tich dudc vai trd va thd tu 1am viéc chudn ciia mot T hgp may lu dién hinh (Lu
rung, Lu banh 16p, Lu tinh) trong cong tdc dAm nén mit dudng nhua.

4. Hiéu dugce cong dung va nguyén ly hoat dong clia Méy phay béc miit duong (Milling
Machine) trong cong tac duy tu, stta chita.

5. Nhéan thitec duge tdm quan trong ctia yéu to nhiét dd trong toan b ddy chuyén thi cong va
anh huéng ctia né dén chat lugng dim nén.

Loi mé diu chuong: Sau khi nén méng va cic 16p nén di dudc hoan thién (Chuong 4),
Chuong 10 sé& dua chiing ta dén cong doan cudi cung clia cac cong trinh giao thong: khoac 1én
cho n6 mot ”tAm 40” mit dudng ém thuin va bén viing bing bé tong nhua néng (Asphalt).

Thi cdng mit dudng bé tong nhuia néng dude vi nhu mot ”vii diéu” may méc dong bd, doi
héi ky luit cao nhét va 1a mot cudc chay dua véi thoi gian va nhiét do. Yéu ciu thi cong va
nghiém thu theo TCVN 8819:2011 [21]. Chi mdt mét xich trong diy chuyén nay bi 18i, cd mot
con dudng c6 thé sé& khong dat chit lugng. Chuong nay sé gidp cdc ban hiéu rd vai trd clia tiing
¢d may trong diy chuyén phiic tap nay, tif khu san xuit dén khau hoan thién cudi cung.

10.1 SAN XUAT VA DAY CHUYEN THI CONG

10.1.1 TRAM TRON BE TONG NHUA NONG (ASPHALT PLANT)

Diém khéc biét cot 16i (so v6i Tram tron xi ming - C8):
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1. Chét két dinh: Ding Nhua dudng (Bitumen) thay vi Xi ming.

2. Quy trinh siy néng: C6t lidu (d4, cét) bat budc phai dudc dua vao Trdng siy (Dryer
Drum) dé loai bé hoan toan hoi am va nung néng dén nhiét do rat cao (140-165°C) trudc
khi tron.

Hinh 10.1: Tram trdn bé tong nhwa néng. (Anh: Wikimedia Commons, Public Domain)

10.1.2 DAY CHUYEN THI CONG VA KIEM SOAT NHIET PO
* Day chuyén: O to tw dd (c6 bat che) —» M4y rai bé tong nhua — Td hop May lu.

* Yéu t§ quyét dinh: NHIET PQ. Toan bd qua trinh tif rai dén dim Ién xong phai dudc
hoan thanh trong mot “cita sé nhiét d9” cho phép (thudng tir 140°C xubng khoing 80-
90°C). Néu ngudi hon, hdn hop sé bi citng va khong thé dam chit dé dat do rdng va do
chit yéu cu.

© Kinh nghiém Cong trudng: Gidm sat Xe van chuyén

Xe van chuyén bé tong nhua bdt budc phdai cé bat che phii kin thiing xe. Muc dich chinh la giit
nhiét cho hén hop trong sudt qud trinh di chuyén. Mot k§ su gidm sdt gidi sé khong bao gio cho
phép mét chiéc xe khong cé bat che dé vat liéu vao may rdi.
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10.1.3 MAY RAI BE TONG NHUA (ASPHALT PAVER) - ”NGHE ST”
TRAI THAM

May rai quyét dinh dén d6 biang phing va do doc ngang ctia 16p mit dudng.
Chu tao va dong chay vat liéu:

1. Phéu chita (Hopper): Tiép nhan hdn hop tir xe tai.
2. Vit san (Augers): Dan déu hdn hdp ra hét chiéu rong vét rai.

3. Bo phan Screed (Pam so bd): Bo phan quan trong nhéat. N6 1a mot tim thép ning,
dudc gia nhiét va c6 kha ning rung nhe. Screed c6 nhiém vu san phing tu dong va dim
s6 bo hdn hgp, tao ra do day va dd doc ngang ban dau chinh x4c theo thiét ké.

Video minh hoa chi tiét quy trinh “chuén chi” ctia mdt ca rai nhua:

e 0:00 - 2:30: Checklist kiém tra mdy (chinh Screed, Auger, cao

T do).
=R gl
T L) « 3:27: Dong chdy vat liéu: Phdu — Bing tai — Vit xodn —
=T S oax
b i Ban dam.
el A N .
E E':II-IH " * 4:19: Nguyén Iy tu san phing cia Ban dam (Screed).

Xem video tai day:
How an Asphalt Paver Works
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10.1.4 TO HQOP MAY LU - ”POAN TAU PAM NEN”

Dam nén mit dudng nhua phéi dugc thuc hién theo trinh tu nghiém ngit, chia 1am 3 giai doan:

Béng 10.1: Ba giai doan dim nén mit dudng nhua

Giai doan Vai tro Loai May lu Nguyén ly
1. Luso bd Tao do chit ban dau (khi Mady lurung banh Rung dong manh
nhiét d6 cao nhit, 130- thép va luc tinh.
140°C).
2. Lutrung gian  Ting dd chit, lam kin b8 MaAy lu banh16p Luc tinh va nhao
miit. trn  bé mit
(miét).

3. Lu hoan thién  X6a vét banh xe, tao bé mit Mady lu tinh banh Chi dung luc tinh,
nhén cubi cung. thép ché 46 KHONG
RUNG (80-90°C).

© Case Study Thuc t&: Giam sat mét T4 hgp May lu

La ky su gidm sdt, ban phdi luén kiém tra thit tw di lai va nhiét dé trudc moi luot lu. Néu Mdy lu
banh 16p di trudc May lu rung, hodic Lu tinh di & ché do rung, chat luong mdt duong sé bi hu hai
nghiém trong.

tiép theo | |:|| tiép theo %

—_— —_—

\/\/

1. Lu rung 2. Lu béanh 16p 3. Lu tinh
(banh thép) (16p hoi) (banh thép, KHONG rung)
So bd Trung gian Hoan thién

Nhiét do hdn hgp tai thdi diém lu:

130-140°C 100-120°C 80-90°C

Giai doan 1: sd bd Giai doan 2: trung gian Giai doan 3: hoan thién

nhiét do gidm dan theo thdi gian >

Hinh 10.3: T6 hop 3 loai lu theo diing trinh ty k§ thuit: Lu rung (so bo, nhiét do cao nhét
130+ 140°C) - Lu banh 16p (trung gian, 100 + 120°C) — Lu tinh (hoan thién, 80 +90°C, khong
rung).

10.2 CONG TAC DUY TU, SUA CHUA
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10.2.1 MAY PHAY BOC MAT PUONG (MILLING MACHINE / COLD
PLANER)
* Cong dung: Got bd, boc di 16p mit dudng bé tdng nhua da cili hodc bi hu héng trude khi
rai 16p mdi 1€n trén.

 Nguyén Iy hoat dong: Mot Trong phay (Milling Drum) c6 gin hang trim miii phay bing
hop kim ciing quay tdc do cao, bim nho 16p nhua cii. Vat liéu boc ra (goi 1a RAP) sau d6
dudc bing tai van chuyén thing 1én xe tai dé tdi ché.

Video thuc té tif gé¢ nhin ngudi van hanh (POV): Quy trinh kiém tra
mdy dau gid, va cin canh qu4 trinh phay béc mit dudng siu 22 inch
(qua 3 giai doan cit). Rt truc quan dé hiéu c4ch diéu khién va van
hanh mdy.

Xem video tai day:
Deep Asphalt Milling — Full POV Step By Step

TOM TAT CHUONG

Chuong 10 da kham pha diy chuyén thi cong mit dudng bé tong nhwa ndéng, mot cong tac doi
hoi su ky ludt cao. Yéu td cot 15i 1a kiém soat Nhiét d, vi n6 quyét dinh kha ndng ddm nén
thanh cong cta hdn hgp.
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My rai bé tong nhua v6i bd phan Screed dam bdo do bing phing va do déc ngang chinh
xdc. Qua trinh dAm nén phai tuin thd nghiém ngit theo 3 giai doan: Lu s¢ bd (Lu rung) — Lu
trung gian (Lu banh 16p) — Lu hoan thién (Lu tinh). Cudi cling, M4y phay béc 1a cong cu
hién dai dé duy tu, stra chita miit dudng mot c4ch kinh té.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay hai diém khéc biét cbt 16i trong quy trinh san xuét giita Tram tron bé tong nhua
néng va Tram trOn bé tdng xi mang.

2. Trinh bay tdm quan trong cta yéu t6 Nhiét do trong toan by diy chuyén thi cong miit
dudng bé tong nhua.

3. M6 ta chiic nang ciia bd phan Screed trén M4y rai bé tong nhua.

4. Trinh bay vai tro va loai mdy lu phu hdp cho Giai doan Lu s b va Giai doan Lu trung
gian.

5. Giai thich tai sao M4y lu banh 16p lai dudc st dung & giai doan trung gian trong khi Mdy
lu tinh dudc dung & giai doan cudi.

6. Mdy phay béc mat duong c6 cong dung gi? Loai mdy nay hoat dong dua trén nguyén ly
gi?

B. BAI TAP VAN DUNG

Bai tap 10.1: Xit Iy su ¢6 Nhiét do
Troi d6 mua rao khi dang thi cong.

1. Ban ra lénh gi cho t6 14i mdy lu va mdy rdi? (Muc dich: Giii nhiét, trénh dam khi
am/ngudi).

2. Sau khi tanh mua, can kiém tra thong s6 ndo ctia 16p nhua trude khi cho lu tiép tuc?

Bai tap 10.2: Phan tich khuyét tat

Mit dudng nit, bé mit thd. HoO so ghi nhin: (a) Lu rung di & giai doan cudi; (b) Nhiét do lu
gidm dudi 75°C.

Hay phan tich mdi lién hé giita hai 15i trén va khuyét tit mdt dudng.

Bai tap 10.3: Lua chon thiét bi phuc vu

Nha thiu dé nghi diing xe ben khong c6 bat che dé chd bé tdng nhua di 20km.

1. Ban c6 dong y khong? Tai sao?

2. Ban s& yéu ciu nha thiu lam gi dé dam bao chét lugng?
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CHUONG 11

LUA CHON VA QUAN LY MAY XAY
DUNG

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6 kha nang:

1. Phan tich dugc 3 nhém yéu t6 c6t 16i (Ky thuat, Kinh té, Diéu kién thi cong) can can nhic
khi Iva chon t6 hgp mady.

2. Ap dung kién thitc dé gidi mot bai toan thuc t&: Can bing ddi may thi cong dit, nhim
tdi da héa ndng suat.

3. Phan biét dudc va tinh todn so bo Chi phi s hitu (Owning Costs) va Chi phi van hanh
(Operating Costs).

4. Hiéu dugc tim quan trong va ndi dung chinh ciia cong tdc Bao dudng phong ngira (Pre-
ventive Maintenance - PM) va vai tro ciia hé thong Telematics.

5. Nhan thite duge méi lién hé chit ché giita ké hoach sti dung mdy méc va tién do tdng thé
cua du 4n.

Loi mé dau chuong: Cho dén nay, chiing ta da hoc vé “vii khi”. Chuong 11 sé& day ching ta
céch tr¢ thanh mot >’vi twdéng” — ngudi quyét dinh khi nao dung loai may nao, va 1am thé nao dé
dan quan mot cdch hiéu qua nhat ma khong bi phd san” vi chi phi hau cin. Cdc quyét dinh lua
chon va quan ly mdy méc sé& anh hudng truc tiép dén hai yéu td sdng con cia mot du 4n: Tién
dd va L¢i nhuan. Chuong ndy sé trang bi cho cdc ky su tuong lai nhitng cong cu tu duy dau tién
dé dua ra nhiing quyét dinh mang tinh kinh té - k§ thuat mot céch khon ngoan.

11.1 NGHE THUAT LUA CHON MAY
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11.1.1  BA CHAN KIENG CUA QUYET PINH LUA CHON
Viéc lva chon mdy méc 1a qua trinh can bing gitita 3 nhém yéu t6:

1. Yéu t6 Ky thuat (Technical Factors): "Mdy c6 lam dugc viéc khong?” (Pdp ting thong
s0, dung tich, tam v6i, ning suit yéu cau).

2. Yéu t6 Kinh té (Economic Factors): Chi phi c6 hop 1y khong?” (Tng chi phi trén mot
don vi san phidm phai 12 thip nhit).

3. Yéu to Piéu kién Thi cong (Site Condition Factors): "Mdi trudng c6 cho phép khong?”
(ROng/hep, nén dat, quy dinh tiéng dn/rung dong, ngudn cung nhién liéu/nhan cong).

© Ghi chii: Khong cé may “’t6t nhat”, chi c¢6 ’phit hgp nhéat”

Mot phuong dn t6i uu la phuong dn théa man yéu cau ky thuat, voi chi phi thap nhat, trong diéu
kién thi cong cho phép. (Vi du: Mday dao banh xich la tot nhdt trén nén yéu, nhung mdy dao banh
[6p lai phit hop nhat trong dé thi).

11.1.2  BAI TOAN KINH PIEN: CAN BANG TO HQP MAY THI
CONG PAT

Day 1a bai todn quan ly logistics cbt 16i: Vi mdt may chi (Mdy dao), can bao nhiéu phucng
tién van chuyén (Xe ben) 1a t6i wu dé€ thoi gian chd dgi 1a it nhét?

Xiic Van chuyén Tré dau
(chat tai) (di) (diéu chinh)

A
Mot chu ky lam viéc

Y

Cho Quay vé 3%
(dinh vi) (v& bai) (d3 tai)

Hinh 11.1: Chu trinh lam viéc ctia td hop Mdy dao — Xe ben (cd s& clia bai todn cAn bing ning
Suat).

1. Xéc dinh thdi gian:
e T.i: Thoi gian mdy dao xtc didy mot xe ben.

* Tihuky xe: Thoi gian mot xe ben hoan thanh 1 chuyén (trir thdi gian xic).
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2. Cong thitec Can bing Ly thuyét:

Tchu ky xe
My thuyét = Trse (11.1)

3. Ra quyét dinh Thue té: Ky su thudng chon s lugng xe ben sao cho may dao (mdy chi,
c6 chi phi gid hoat ddng cao nhat) luén hoat dong lién tuc.

Quy tdc chon s6 xe: 14y 1am tron LEN ctia s6 xe 1y thuyét, tic n = [Ty 1y xe/ Txic |- Sau
d6 can nhic thém 1 xe du phong néu uu tién tién do hon chi phi thué.

B VIDU MINH HOQA 01: Can bing Pdi may

* May dao T = 80 gidy/xe. Xe ben Topy 1y xe = 900 gidy.
* n=900/80 = 11.25 xe.

* Quyét dinh: Nén chon 12 xe. Mic di s& c6 1-2 xe phéi chd, nhung ddm bio Mdy dao (mdy
6 niing suét cao nhét) hoat dong 100% cdng sut, toi da héa ning suat tong thé.

Tu duy ndng cao: Néu chi phi thué xe ben qud cao, ky su c6 thé chon 11 xe. Chép nhdn

mady dao cho mot chiit dé tiét kiém tién thué 1 dau xe. Quyét dinh phu thudc vao wu tién:

Tién do (12 xe) hay Chi phi (11 xe).

& VI DU MINH HQA 02: Can bing Pdi may

Pé bai: Mdy dao xiic 1 xe mit T,;. = 1 phiit (60s). Xe ben chay di va v& mit 7,, = 10 phit
(600s).

Loi gii:
* S6 xe Iy thuyét: n = 600/60 = 10 xe.
* Phan tich kich ban:
— Néu dung 10 xe: Can bing tuyét ddi (ly tudng).
— Néu ding 9 xe: Mdy dao phai chd (Lang phi mdy chil).
— Néu dung 11 xe: Xe ben phai chd (Lang phi xe phu).
* Quyét dinh: Chon 10 xe — cin bing tuyét ddi, khong bén nio phii chd, chi phi

thué xe thap nhit. Néu uu tién tién do va mudn du phong khi mot xe gip su ¢d, c6
thé thué thém 1 xe (11 xe), chip nhan xe ben chd mot chit.

11.2 BAI TOAN CHI PHI - KHONG CHI LA GIA MUA

Tong chi phi dé stt dung mdt ¢d mdy dugc chia 1am 2 nhém chinh, gidéng nhu phin ndi va phan
chim cia moét tdng bang.
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e Chi phi S6 hitu (Owning Costs): Chi phi ¢6 dinh, phéi trd du may c6 1am viéc hay khong.

- Khéu hao (Depreciation): Su mit gid ciia mdy theo thdi gian. (Day 1a khoan chi
phi 16n nhat trong vong ddi ctia thiét bi).

- Lai vay, B4o hiém, Thué, Luu kho bai.
« Chi phi Van hanh (Operating Costs): Chi phi bién d6i, chi phét sinh khi may lam viéc.
— Nhién liéu (Fuel).

— Dau md boi tron.

Stia chita & Phu ting hao mon (loc, ring gau, 16p xe...).

Luong thg van hanh.

CHI PHI MUA
MAT NUGC (Gid mua mdy) - = 15-25 %

CHI PHI SO HOU + VAN HANH

Khau hao - Lii vay - Bdo hiém - Thué
Nhién liéu - Dau md bdi tron
Stra chita & phu tung hao mon

Luong thg van hanh

Hinh 11.2: Md hinh tdng bing troi ciia TCO: Chi phi Mua (phin ndi) chi 12 bé mit, Chi phi S&
hitu va Chi phi Van hanh (phin chim) mdi chiém phan 16n t6ng chi phi vong ddi ctia may. Cdc
ti 1¢ phan tram la con s6 minh hoa dé thay mitc dé chénh léch, khéng phdi sé liéu khdo sdt.

E® Géc nhin Kinh té: GIA TRI THANH LY (RESALE VALUE)

Khi tinh todn Chi phi S& hitu, diing quén Gia tri thanh ly (gid ban lai mdy c@i). Pay la
yéu td then chédt khi chon thuong hiéu:

* May G7 (Nh@t/MSf/f&u): Gid mua cao (Dit). Nhung sau 5 ndm vén giit dudc 40-
50% gid tri — Chi phi thuc té thap.

+ M4y gia ré (Trung Qudc...): Gid mua thap (R&). Nhung sau 5 nim gid tri gin nhu
bing 0 (sit vun) — Chi phi thuc té c6 thé cao hon.

Cong thiic TCO (Total Cost of Ownership):
TCO = Gid Mua + Chi phi Van hanh — Gia tri Thanh ly

Hay chon mady cé TCO thap nhat, ding chi chon mdy cé Gid mua thdp nhat.
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11.3 QUAN LY HIEU SUAT VA SUC KHOE CUA MAY

11.3.1 CONG TAC BAO DUGNG VA CONG NGHE TELEMATICS

¢ Bao dudng phong ngira (Preventive Maintenance - PM): Triét ly ”Phong bénh hon
chira bénh”.

— La céc cong viéc dudc thuc hién theo lich trinh (250h, 500h, 1000h) dé ngin ngiia
hoéng héc 16n (Thay dau, thay loc, bom md...).

+ He¢ théng quan Iy mdy tir xa (Telematics):

— St dung GPS va cdm bién dé theo dai tir xa: vi tri, gio hoat dong, mic nhién liéu,
cénh béo 16i.

— Lgi ich: Theo d6i ”Thoi gian chay khong tai” (Idle Time) va Ty 1€ s dung may
(Utilization Rate).

11.3.2 TICH HOP KE HOACH MAY MOC VAO TIEN PO TONG THE

K& hoach st dung mdy méc phai dudce tich hop vao tién do tong thé ctia du 4n (Biéu dd Gantt).
Viéc huy dong va giai phéng mdy phai khép véi tién do dé tranh lang phi chi phi thué/sé hitu.

TOM TAT CHUGNG

Chuong 11 da trang bi tu duy quén Iy mdy méc theo hudng chién luge. Viéc lwa chon mdy la bai
toan t6i uu héa 3 chan kidng: K§ thuat, Kinh té va Diéu kién thi cong.

Bai todn Can bing déi may 13 k¥ ning cdt 16i dé t6i da héa ning suat mdy chia. V& kinh té,
k¥ su phai phan biét rd Chi phi Sé hitu (cd dinh, 16n nhét 12 Khau hao) va Chi phi Van hanh
(bién ddi, 16n nhat 1a Nhién liéu).

Cudi cling, viéc quan ly stic khée” ciia mdy bing Bao dudng phong ngira (PM) va st dung
cong nghé Telematics 12 xu huéng hién dai, gitip k§ su chuyén tif phan ting bi dong sang quan
ly dua trén di liéu thoi gian thuc.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay ba nhém yéu t6 chinh ma mot ky su can cin nhic khi lua chon mdy x4y dung.
Lua chon mdy 16n nhét va hién dai nhat c6 phéi ludn 1a quyét dinh to6t nhat khong? Tai
sao?

2. Phan biét Chi phi s& hitu va Chi phi van hanh. Cho vi du 3 khoan muc chi phi cho mdi
nhém.

3. Giai thich y nghia ctia bai toan Can biing t6 hgp mdy thi cong déit ddi véi hiéu qua kinh
té ctia du 4n.

4. Muc dich cua cong tic Bao duong phong ngira (PM) 1a gi? Coéng nghé Telematics da
gitp chuyén ddi PM thanh hinh thiic quén 1y ndo?

5. Gidi thich tai sao Thai gian chay khong tai (Idle Time) lai 12 mot chi s6 quan trong ma
ky su quan ly mdy phdi theo doi.

B. BAI TAP TINH HUONG VA VAN DUNG

Bai tip 11.1: Bai toan cin biing doi may
May dao T4 = 75s. Xe ben Ty 1y = 15 phat.

1. Tinh s6 lugng xe ben ly thuyét (n).

2. Néu dung 10 xe ben, du dodn hién tugng gi s€ xay ra: Mdy dao chd xe hay Xe ben chd
may?

Bai tap 11.2: Bai toan Mua hay Thué

Cong ty tring thiu san 14p 4 thang. Can M4y 0i 16n. Chon: (A) Mua méi hay (B) Thué trong 4
thdng? Ban tu van cho gidm dbc cin so sdnh va cin nhic nhiing yéu t6 nao ctia Chi phi s& hitu
dé dua ra quyét dinh?

Bai tap 11.3: Phan tich dir liéu Telematics

May xdc 1at chay 100 gid, tiéu thu 800 1it ddu. Thdi gian chay khong tai (Idle Time) chiém 35%.

1. Tinh mic tiéu thu nhién liéu trung binh cho mdi git lam viéc thuc té (loai bd thdi gian
khong tai).

2. Ty 1& chay khong tai 35% cho thdy van dé gi vé su Piéu phéi? D& xuit giai php.
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CHUONG 12

AN TOAN LAO PONG VA XU HUONG
PHAT TRIEN CUA MAY XAY DUNG

MUC TIEU

Sau khi hoc xong chuong nay, sinh vién c6é kha ning:
1. Téng két va nhan dién dudc céc riii ro an toan chinh khi van hanh cdc nhém mdy da hoc.

2. Trinh bay dugc cic cip do phong ngiia rii ro theo ”’Kim tu thap An toan” va tim quan
trong clia viéc x4y dung ”’Vin héa An toan” (Quyén Diing Céng Viéc).

3. Phan tich dugc ba xu hudng phdt trién cong nghé cht dao (Bén vitng, Tu dong héa, SO
héa) dang 1am thay déi mdy xay dung.

4. Panh gia dugc su dich chuyén trong vai trd ctia ngudi k§ su xay dung trong ky nguyén 4.0,
ti nguoi gidm sat thi cong sang ngudi quén ly di lidu.

Loi mé dau chuong: Trong sudt 11 chuong vita qua, chiing ta da néi v& cong suit, ning
suat, chi phi, hiéu qud... Nhung c6 mot yéu td ding trén tit ca: sinh mang con ngudi. Moi cb
mdy du hién dai dén dau ciing c6 thé trd thanh hung than néu chiing ta bd qua cdc quy tic an
toan. Phin dau ctia chuong hoc cudi cung nay s& la nhitng diéu cdc ban phai khic c6t ghi tim
dé bao vé ban than va dong nghiép.

Phan thit hai, chiing ta s& ciing nhau nhin vé phia chan trdi. Nganh x4y dung dang c6 nhiing
buéc chuyén minh manh mé& nhd cong nghé. Ching ta s& khdm phd xem nhiing dot phd nao
dang va s& 1am thay d6i bd mit ciia cong trudng, cling nhu thay ddi chinh vai tro ctia ngudi k¥
su. Day sé 1a hanh trang cudi cling nhung quan trong nhét dé céc ban tu tin budc vao tuong lai
ctia nganh.

12.1 TONG KET VA QUAN LY AN TOAN - KHUNG TU
DUY UNG PHO
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12.1.1 TONG KET CAC RUI RO MAY MOC COT LOI
Day la su tong hop céc rii ro di hoc tit Chuong 2 dén Chuong 10:

1. Rai ro Lat may/Mét n dinh: Xay ra véi Can truc, Mdy dao khi 1am viéc trén nén dét
yéu, qua tai hodic khong ha Chan chéng (C6).

2. Rii ro Va dap/Chén ép: Do Piém mit (Mdy dao, Mdy ti) hoiic bi dudi déi trong quet
phai khi quay toa (C2).

3. Rui ro Vat rei: Do budc tii sai quy céch, vi pham Biéu d tai (C6) hoic hong héc Van
thing 16ng (C7).

4. Rui ro Pién giat: Can truc ho#ic can ctia mdy bom bé tong vudng vao dudng day dién cao
thé.

5. Rui ro Hu héng két cAu: Do dim 1en bé tdng khong k§ (gdy rd mit - C9) hoic rung dong
qua muc (Péng coc - C5).

12.1.2 ”KIM TU THAP AN TOAN” - CAC CAP PO PHONG NGUA

DAy 1a khung tu duy quén ly rii ro ma moi k§ su can nim vitng. Céc bién phédp & dinh kim tu
thdp 1a hiéu qua va bén viing nhit.

Béang 12.1: Céc cip do trong Kim tu thdp An toan

Cap do Bién phap Vi du Ung dung

1. Loai b6 (Elimina- Loai bé hoan toan mdi nguy. Thay thé cong viéc thi cong nguy
tion) hiém biang mdy tu hanh. Khong
(Hiéu qua nhat) stt dung mdy dao gan dudng day

dién cao thé.

2. Thay thé (Substitu- Thay thé bing phuong dn it Diing Robot ép coc tinh thay vi
tion) nguy hiém hon. Bua déng coc trong do thi (giam
rung dong, tiéng On).

3. K§ thuit & Thiét ké Thiét ké dé giam thiéu riiro. Lip camera 360 do va coi bdo lui
trén mdy dao. Hé thong gidi han
hanh trinh trén can truc.

4. Quy trinh & Hanh Dt ra cdc quy tdc, hudn To chiic Toolbox meeting. Thiét

chinh luyén, giGi han. lap Ving nguy hiém (Danger
Zone) va cam ngudi khong phan
Su.

5. Bao hd C4 nhan Giam thiéu thuong tich khi Mii béo hd, 4o phén quang, gidy

(PPE) tai nan xay ra. bao ho. *Luu y: PPE khong ngdn

(It hidu qua nhit) chdn tai nan.
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Hiéu qua nhit 1. Loai b
(Elimination)
2. Thay thé
(Substitution)
3. Kiém so4t k§j thuat
(Engineering controls)
4. Kiém soat hanh chinh
(Administrative controls)

it hi¢u qua nhit \s Bio h{ c4 nhin (PPE/

Hinh 12.1: Kim tu thap An toan (Hierarchy of Controls) — 5 cip d0 ki€ém soét rii ro, xép theo
muic do hiéu qua giam din tit trén xudng: Loai bé (hiéu qua nhit) —» Thay thé - Kiém soat k§
thuat — Kiém soit hanh chinh - Bao h ¢4 nhan (PPE) (it hiéu qua nhat).

12.1.3 VAN HOA AN TOAN - QUYEN DUNG CONG VIEC (SWA)

© Quyén Dirng Cong Viéc (Stop Work Authority - SWA)

Moi nguoi, bat ké cap bdc, déu cé quyén va trach nhiém yéu cau ditng mot cong viéc ngay lap
titc néu nhan thay mot moi nguy hiém khéng an toan. SWA bién moi ngudi trén cong truong thanh
mot gidm sdt vién an toan.
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12.2 TUONG LAI CUA MAY XAY DUNG VA VAI TRO
KY SU 4.0

Hinh 12.2: M4y dao mini chay hoan toan bing dién (Zero Emission), gidm tiéng on va khi théi.

12.2.1 XU HUOGONG BEN VOUNG VA PIEN HOA (ELECTRIFICATION)
e Dong luc: Gidm phét thai carbon va tiéng on.
» Cong nghé: C4c dong may chay hoan toan bing dién (pin) hodc st dung pin lai (Hybrid).

. I:Tng dung: Mdy dao dién mini, Mdy xuc lat dién (hoat dong si€u ém trong do thi).

1222 XU HUGNG TU PONG HOA VA SO HOA
Ty dong hoa Van hanh
 Trg gitip Van hanh: Mdy san tu dong giit cao do bang GPS 3D.
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« Piéu khién tir xa: Van hanh mdy méc & khu vic nguy hiém (phd d3, mo).

e Ty hanh (Autonomous): Xe ben, Mdy ti, Mdy lu tu hoat dong theo 16 trinh 14p trinh sn.

S6 héa (Digitalization)
* Telematics: Thu thip dif liéu van hanh tir xa.

» BIM: Tich hop dif liéu mdy méc vao md hinh 3D dé mo phong thi cong.

Hinh 12.3: Hé thdng van tai tw hanh (Autonomous Haulage System) tai c4c mo 16n.

12.2.3 TUONG LAI CUA BAN: KY SU XAY DUNG 4.0
Tu dong hoa khong 1ay di cong viéc ctia k§ su, ma lam cho cong viéc d6 trd nén tri tué hon.
« Su dich chuyén: Tir Gidm sét thi cong — Phan tich dit liéu hiéu suft (Data Analytics).

» Cong cu méi: Thanh thao BIM, phan mém Iap ké hoach (Primavera/MS Project).

© Loi nhin nhi: Tuong lai nim & kha ning thich dng!

Kién thitc ban hoc vé vit Iy mdy méc la nén tang bat bién. Nhung trong 10 ndm t6i, nguoi ky su
thanh céng sé la nguoi biét cdch tich hop kién thiic nén tang doé voi cong nghé so: biét cach ding
dit liéu néing sudt dé diéu phéi déi mdy, va dung dit liéu an toan dé gidm thiéu rii ro.
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TOM TAT CHUONG

Chuong 12 da khép lai hanh trinh bing hai ndi dung dinh huéng c6t 16i: An toan va Cong nghé.
V& an toan, ching ta da hoc khung tu duy Kim tw thap An toan, vu tién Bién phap k§y
thuat (loai bo riii ro) hon PPE. Viéc xdy dung Viin héa An toan va trao Quyén Dirng Cong
Viée 1a trach nhiém dao diic cao nhit.
V& tuong lai, mdy méc dang dich chuyén theo xu huéng Dién héa (Bén viing) va Ty dong
héa (Tiang hiéu suit). Vai tro cta Ky su X4y dung 4.0 1a ngudi quén ly, phan tich dit liéu, va la
cau ndi gitta k§ thuat truyén thdng va cong nghé sb.
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CAU HOI ON TAP
A. CAUHOI LY THUYET

1. Trinh bay 3 loai rti ro an toan phd bién nhét lién quan dén may xay dung.

2. Trinh bay 5 cip do phong ngira rti ro theo ”Kim ty thap An toan”. Cho vi du vé mot
bién phap thudc Cap do 1.

3. Gidi thich y nghia ctia khdi niém ’Quyén Dirng Céng Viéc” (SWA).

4. Néu va giai thich hai xu huéng phét trién cdng nghé chti dao (Bén viing/Pién héa va Tu
dong hoa).

5. Vai trd clia ngudi K§ su X4y dung sé& dich chuyén nhu thé nao trong tuong lai?

B. BAI TAP TINH HUONG

Bai tap 12.1: Ung dung Kim ty thap An toan

Can truc lam viéc gan dudng day dién cao thé. Hay liét ké 3 cip do bién phédp an toan ban c6
thé dp dung.

Bai tap 12.2: Phan tich Dit liéu va An toan

Dit liéu Telematics ctia mdy Ui tu hanh cho thdy van t6c ludn tdi da nhung ti 1€ “suyt va cham”
ting gap doi.

1. Dii liéu nay cho thiy su ddnh ddi giita hai yéu t6 nao?
2. Vai tro K§ su 4.0 1a gi d€ can bing hiéu suét va an toan?

Bai tap 12.3: Cau h6i mé (Tu duy phan bién)
So sdnh Du 4n A (Mdy cap dién tu hanh) va Du 4n B (Mdy cap Diesel truyén thdng).

1. Phan tich 1di ich vé Méi trudng va An toan ctia Du 4n A.

2. Phan tich 1gi ich vé Chi phi vAn hanh cta Du 4n A so v6i Du 4n B.
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PHU LUC

PHU LUC A: BANG TRA CUU THUAT NGU ANH - VIET

Muc dich: Gitip sinh vién tra ctiu nhanh cdc thudt ngit k¥ thudt thuong gdp trong catalogue quoc

té.

Thuét ngit Tiéng Anh

Thuét ngit Tiéng Viét (Chuin)

Bentonite Slurry

Dung dich Bentonite

Boom Pump

Bom can (Bom bé tong)

Bored Piling Rig Mady khoan coc nhoi
Bucket Gau (May dao)
Bulldozer May i

Compaction (Concrete) Dam len (Bé tong)
Compactor / Roller Mady lu / Thiét bi dim nén
Concrete Mixer Truck / Transit Mixer Xe van chuyén bé tong
Concrete Pump Mady bom bé tong
Construction Hoist Van thiing 10ng
Excavator May dao

Hoist Pa lang

Hydraulic Hose Ong din dau thiy luc
Internal Vibrator / Poker Vibrator Dam dui

Line Pump Bom tinh / Bom ngang
Load Chart Biéu do tai

Loader / Wheel Loader May xtc lat

Loader Bucket Gau xuc lat

Motor Grader Midy san

Optimum Moisture Content (OMC) D6 am tot nhat
Outriggers Chéan chdng (Can truc)
Pile Jacking Machine Robot ép coc tinh
Ripper B x6i (May i)
Scraper Midy cap

Winches Toi
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PHU LUC B: HUGNG DAN TRA CUU & TINH TOAN

B.1. CAC HE SO NANG SUAT QUAN TRONG
Cong thiic Niing suéit Téng quat (May dao):

3600

T

C

N, = xqxKgxK,, (m?/h) (B.1)

Bang Tra ctru Hé s6 Pay gau (K,)):

Loai Vat liéu Pic diém K,

Dat mém, cdt khd | Dé xtc, khong dinh. 1.00 - 1.10
Dit thong thudng | Sét déo, dé xuc. 0.85-0.95
Dat dinh chiit Kho xdc, khong ddy gau. | 0.75 - 0.85
D4 tdng (nd min) | Cong kénh, nhiéu 16 réng. | 0.60 - 0.70

B.2. KIEM TRA AN TOAN BIEU PO TAI (LOAD CHART)
Quy trinh 3 Buéc cbt 16i:

1. Tinh Tong tai trong (Q5,.): = Ovar + Cphy kien (M6C, CAP).

2. Po Tam véi (R): Khoang cich tir tim quay dén tam vat.

3. POi chieu: Tra bicu do. Dicu kién an toan: Qgne < Qcho phép-

B.3. UOC TINH CHI PHI MAY

Cong thitc wdc tinh nhién li€u nhanh (Pong co Diesel):
Tiéu thy (Iit/gid) ~ 0.10 x Cong suat (HP) (B.2)

*Luu y: Hé 56 0.10 ap dung cho mitc tdi trung binh (50-60%). Néu chay full tdi lién tuc, hé sé
6 thé lén dén 0.18-0.20. Hé sé6 nay bao gom cd tiéu thu khi mdy chay khong tdi (idle).
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PHU LUC C: CONG NGHE CHUYEN SAU (PQC THEM)

C.1. TOI UU HOA KINH TE LUGNG CHO CAN BANG POI MAY
Khi nc 6 # Mg thuyar> S€ phit sinh Chi phi chd dgi:
e Néun > g thuyer: X€ chd may (Lang phi ndng luc xe).
* Néu n < myg gyyye: Mdy chd xe (Lang phi ning Iyc médy chi - Nguy hiém hon vé kinh t€).

— Quyét dinh: Uu tién d& Mdy chii (dit tién nhét) khong bao git phai chd.

C.2. CONG NGHE THUY LUC CAM BIEN TAI (LOAD SENSING)

Hé théng thong minh gidp bom thdy Iuc chi cung cip ding luu lugng va 4p suat ma thao tic yéu
cau — Tiét kiém 15-20% nhién liéu va ting tudi tho thiét bi.

C.3. CONG NGHE THU HOI NANG LUQGNG
+ Ham tai sinh (Cén truc): Bién dong niing khi ha ti thanh dién ning.

+ HObi phuc thiy luc (MAy dao): Tich trit 4p suit khi ha cAn vao binh tich 4p dé hb trg 1an
nang sau.

C.4. CONG NGHE NEN MONG PAC BIET

e Tuwong vay (Diaphragm Wall): Sit dung giu ngoam thily Iuc (Grab) dao céc ranh siu
trong long dét, giit thanh bing dung dich Bentonite, sau d6 ha 1dng thép va d6 bé tdng dé
tao thanh btic tudng chin nuéc ngdm cho cdc ting ham sau.

* Coc Xi miing déat (Deep Mixing Method - DMM): Sit dung cin khoan c6 c4nh khudy
dic biét, khoan xudng dit dong thdi phun xi ming (bdt hoic vita) dé tron cudng biic véi
dat tai chd. Két qua tao ra cdc coc dit - xi ming cling, gidp gia c6 nén dit yéu ma khong
can dong coc bé tong.
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PHU LUC D: HUGNG DAN GIAI BAI TAP

Phu luc nay cung cap khung tu duy va cdc budc gidi quyét cho cdc Bai tdp Van dung (B). Dudi
day la cdc budc gidi mau chi tiét dé sinh vién tham khdo quy trinh tinh todn.

CHUONG 1: TONG QUAN & PONG LUC

Bai 1.1: Lua chon may

» Du 4n A (San béng): Nén cting, cAn di chuyén nhanh - M4y dao banh 16p.

e Du 4n B (Muong rudng): Nén yéu, sinh 1ay » Mdy dao banh xich (dp suit nén
nhd, bam t6t).

Bai 1.2: Tu duy cong suit

Cong sudt (HP) khong phai 1a tit ca. Stic manh dao thuc té phu thudc vao Mé-men xoin
(Torque) va hiéu suit hé thdng thiy luc. Mdy 150HP ¢6 md-men xoin 16n hon véan c6 thé
dao khoe hon may 160HP tua cao.

CHUONG 2: MAY PAO & MAY Ul

Bai 2.1: Lua chon may

* (a) Pao muong sau 3m: Pao dusi mic may diing — M4y dao gau nghich.
* (b) San da vun: Day va san lip — M4y i.

 An toan: Vung nguy hiém 1a ban kinh quay toa. Diém mu nguy hiém nhét 12 dudi
dbi trong.

Bai 2.2: Tinh néng suét

o Nip = 280 % 1.2x0.9 = 176.7m> /h.
* N, = 176.7 x 0.85 = 150.2m3/h.
* Thoi gian = 1500/150.2 = 10 gio.
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CHUONG 3: XUC LAT, SAN, CAP

Bai 3.1: Lua chon ”’Chuyén gia”

* (a) San phing, dbc 2%: Yéu ciu do chinh xdc cao - M4y san.
* (b) Boc cat nap tram: Cu ly ngin, nén cting, xiic rdi - M4y xiic lat.
* (¢) Van chuyén 1.8km: Cu ly trung binh - M4y cap.

Bai 3.2: May ui vs May san

May i c6 ludi gén trudc banh xich — Sao chép gb ghé (Ty 1€ 16i 1:1). Mdy san c6 1udi &
giifta (truc dai) - Tao ”Hiéu &ng ciu ndi”, triét tiéu gd gh&, phing hon nhidu.

Bai 3.3: Tu duy quan ly

« (a) Anh huéng dén ning suiit may dao: Niing suat may dao bi giéi han bdi khau
van chuyén. Chu k¥ xe ben ting gip d6i — s6 chuyén xe trong mdt gid giam méot
nira - xe ben khong kip quay vé — mdy dao phéi chd xe. Két qua: ning suit mdy
dao giam manh du ban than mdy dao khong héng. DAy Ia vi du dién hinh cta nit
¢d chai (bottleneck) trong hé théng thi cong.

* (b) Quyét dinh quan ly: SO xe ly thuyét ti 1& thuin véi chu ky xe (n =
Tehuky xe/ Txic)- Chu k¥ xe ting gdp doi — s6 xe can thiét cling ting gap doi —
phai huy dong thém xe ben (tir 10 1én khoang 20 xe) dé mdy dao khong phai chd.

+ Giai phap thay thé (néu khong dii xe): Lap béi trung chuyén (stockpile) ngay
gin mdy dao dé€ xe ben chi chay quang ngdn; hodc chia ca, d6i tuyén tranh diém téc.
C4a hai cdch déu nhim ciit ngiin chu ky xe trd lai.

Bai 3.4: Ning suit May xiic lat

 Buéc 1: Tinh s chu ky trong 1 gio

Ny = 3% = 3000 = 90 chu ky/gio.

ck

 Buéc 2: Tinh niing suit thuc té (V,,)
Ap dung cong thitc: Ny, = Ny x g x Ky x K,
N, =90 x2.5x0.95 x 0.75 = 160.3m> /h.
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CHUONG 4: MAY PAM NEN

Bai 4.1: Chon may dam

* (a) Pat sét (Dinh): Cin nhao trdn — Lu chan ciru.
* (b) P4 diam (Roi): Can rung dong — Lu rung banh thép.
* (c) Ranh hep: Khong gian nhd - Pam céc.

Bai 4.2: Sy ¢6 dAm nén

L&i: Pam 16p qua day. Mdy lu chi tic dung siu 15-30cm. Khic phuc: X&i 1én, rai lai
thanh 2 16p méng va lu lai.

Bai 4.3: Tinh toan Do chat K

* Budc 1: Khdi lugng thé tich kho tdi thiéu
Y komin = K X ¥ tmax = 0.95 x 1.85 = 1.7575 ~ 1.76 T/m".

 Budc 2: Tinh do chiit thue té

K=_Tk _ 178 09600 — 96.229%.

Yk,max - 1.85

+ Két luan: 96.22% > 95% — PAT yéu ciu. Nén dip di do chit, di kha ning chiu
tai.

Bai 4.4: Tinh toan Thdi gian lu

* Budc 1: Tinh ning suit thuc té (m?/h)
_ (B=b)xVx1000

Cong thiic nang suat dién tich: Ny = “=—="5—— x K,,
Thay s6; N, = 2:1=02:3.01000 _ ¢

N, = 22 x 0.8 = 7125 x 0.8 = 570m?/h.

* Budc 2: Tinh thoi gian thi cong
Dién tich can lu: S = 4 x 200 = 800 m?.

Thdi gian T = - = 238 ~ 1.40 gio.
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CHUONG 5: NEN MONG

Bai 5.1: Méng cau bién
Tai trong cuic 16n + Sau 70m — Chi c6 Khoan coc nhdi dap ting dugc.

Bai 5.2: Su ¢6 Bentonite

Rit miii khoan ma khdng chim Bentonite - Muc dung dich thip hon muc nuéc ngdm —
Sat 16 thanh hd. Khic phuc: Cham Bentonite ngay 14p tic.

Bai 5.3: Phan tich kinh té - k§ thuat

+ Kinh té: Coc xi miing dat (CDM) thudng ré hon khi tai trong nhe va dién tich 16n:
tan dung dit tai chd tron véi xi ming, khong can van chuyén coc BTCT dai, thi
cong trén di€n rOng nhanh. Ep coc BTCT t6n kém hon (coc + van chuyén + thiét
bi ép) nhung stic chiu tdi don vi cao hon.

¢ Ky thuat: CDM giam lin va ting stc chiu tdi nén trén dién roOng, it rung, it On;
nhung stic chiu téi don vi thdp hon coc BTCT. Ep coc truyén tdi xuéng 16p dit sdu
tot hon, kiém sodt ltn t6t, phu hop téi 16n.

+ Piéu kién quyét dinh: V6i nha xudng tai trong khéng ning trén nén sét yéu,
CDM la phuong 4n hgp Iy v& kinh té. Nhung phai kiém tra d hin cho phép va
thi nghiém hién trudng (nén tinh mau CDM) truGc khi chot.

+ Két luan: Chon CDM néu d¢ Iin du tinh niim trong gi6i han cho phép; néu c6 tai
tap trung 16n (cOt, méng mdy) thi cuc bd van cin coc BTCT.
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CHUONG 6: CAN TRUC

Bai 6.1: An toan ciu

e Téng tai = 8.5 + 0.3 = 8.8 tin.
e Stic nang cho phép (tai 15m) = 8.6 tn.
o Két luan: 8.8 > 8.6 > QUA TAIL Khong dugc cAu.

Bai 6.2: Liin chan chdng

Rai ro: Mat can bing — Thay doi tam 14t — LAt cau. Hanh dong: Diing ngay, gia cd
nén/thém tim 16t chan chdng.

Bai 6.3: Lua chon cin truc

* (a) P& xuét: Chon can truc banh xich (Crawler crane). Céu kién siéu trudng,
siéu trong (hang tram tin) doi héi stic nang 16n va 6n dinh cao; banh xich cho dién
tich tiép xiic 16n nén chiu dugc nén dit yéu, va c6 thé di chuyén mang tai chim.
Can truc banh 16p chi phit hgp tdi nho va nén ciing.

+ (b) Pbi ph6 nén dit yéu: Banh xich gidm 4p suit xudng nén nhd ban xich rong.
Ngoai ra phai gia ¢6 nén tai vi tri diing: rai dém cat/d4, dit tAm thép chiu tai
(crane mat) dudi xich, san phing va kiém tra sitc chiu tai nén truéc khi nang.
Véi thdi gian thi cdng 1 ndm, cin quy hoach dudng di chuyén va bai tap két ciu
kién da dudc gia cd.

Bai 6.4: On dinh Cin truc

* My = QxR =10 x45 = 450 tAn.m.

* Diéu kién an toan: M., > 1.15 x 450 = 800 > 517.5.

* Két luan: PAM BAO AN TOAN.
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CHUONG 7: VAN CHUYEN LIEN TUC

Bai 7.1: Chon thiét bi nang

* (a) Thép hinh: Ning, dai — Can truc thap.
+ (b) Cong nhan/Vita: Nhe, thudng xuyén — Van thing 1ong.

Bai 7.2: An toan Van thiang

Chém ctia la vi pham nghiém trong khéa lién dong. Rui ro: Ngudi rdi vao hd thang hoic
10ng kep ngudi.

Bai 7.3: Tu duy hé théng

+ O (Chu ky — Vat dinh hinh) = Can truc thap: ning tiing ciu kién (thép, dim)
theo chu ky.

+ O (Lién tuc — Vat liéu roi) = Vit tai: chuyén cit, xi ming lién tuc, khong theo chu
ky.

Ghi nhé: phan loai thiét bi theo hai truc — phuong thitc lam viéc (chu ky / lién tuc) va loai
vat liéu (roi / dinh hinh).
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CHUONG 8: SAN XUAT VAT LIEU

Bai 8.1: Phan tich su ¢6 Pinh lugng

1000 -980 20
1000~ 1000

* P6i chiéu tiéu chudn: TCVN 4453:1995 — Bang 12 (Sai 1éch cho phép khi cén
dong thanh phan cda bé tong) quy dinh sai sd cho phép theo khdi luong: cat, da
dam, so6i: 3%; xi mang va phu gia dang bot: 1%; nudc va phu gia 1ong: 1%.

+ Sai s6 thuc té: = 2% (can bgo thiéu 20 kg trén 1000 kg).

+ Két luan: Sai s6 2% nh6 hen mic 3% cho phép ddi véi cat — chua vi pham quy
dinh. Nhung vi cin vira hiéu chinh da 1éch mot chiéu (Iu6n bzo thiéu) va chi con
du dia 1%, cin kiém tra lai do chinh xéc thiét bi can dong truéc mdi dot d6 bé
tong (TCVN 4453:1995, diéu 6.2.3) dé trdnh sai sb troi dat tich Idiy.

« Anh huéng cia viéc thiéu cat: Cét 12 ¢6t liéu min. Gidm 2% lugng c4t lam hdn
hop thé hon va kém déo: do sut giam, khé bom va khé dam, d& phan ting va chay
nudce (nude tu do khong dugc giit lai trong hd). Bé mit bé tong sau khi dong cling
ciing kém min. Néu sai s6 tich Iily 16n hon, khdi bé tong con c6 thé gidam cudng
do do thiéu ho lién két cac hat cdt lidu tho.

» Traloi cau héi ggi y: Bé tong s€ trd nén tho hon (cht khong min hon).

Bai 8.2: Chu trinh kin
Gitp d4 qud c& quay lai mdy nghién con — Nghién lai - Cai thién hinh dang (trdon canh
hon), ting chét luong.
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CHUONG 9: BE TONG

Bai 9.1: Chon may bom

* (a) San tang 35: Cao qud bom cin — Bem tinh (Line pump).
+ (b) Méng nhé: Can truc thap + Thung vira (Kinh t& hon bom).

Bai 9.2: RS mit bé tong

Nguyén nhan: Dam dui rit qua nhanh hodc khong cidm da sau vao 16p dudi. Khic phuc:
Cim sau, rut tir tu.

Bai 9.3: Vén dé phan tang

* (a) Khi dang chd (ket xe): Ngudi van hanh phai quay thiing tron § toc dé khuiy
cham (khoang 2—-6 vong/phit) lién tuc dé hdn hgp ludn duge ddo, khong cho cbt
lidu tho 1ing xudng ddy. Tuyét d6i khong dé thing ding yén trong thdi gian dai.

* (b) Truéc khi xa vao phéu bom: Phii quay thing & téc d tron cao (khoang
10—14 vong/phiit) trong ti thi¢u 1-2 phiit d& hdn hop dong nhét tré lai, rdi méi
x4 xubéng phéu bom.

e Luu ¥ qudn ly: Nén khdng ché tong thdi gian van chuyén + chd (thudng trong
khoang 90 phuit ké tir khi trdn) dé tranh bé tong bit diu ninh két.

Bai 9.4: Udc tinh thoi gian dd
 Buéc 1: Xdac dinh ning suét thuc té
0, = Oun x Koy =90 x 0.65 = 58.5m3/h.

* Budc 2: Tinh thoi gian

|4 500 ‘s
Tdé = Q_tt = 385 ~ 8.55 gl(j.

o Két ludn qudn ly: Can bé tri nhan luc cho 1 ca lam viéc dai hodc chia 2 kip.
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CHUONG 10: MAT PUONG

Bai 10.1: Sy ¢6 mua

e Ménh 1énh: Dung rai, dung lu ngay 1ap ttc (gilt nhiét).
* Kiém tra: Nhiét do 16p nhua. Néu < 90°C ma chua lu xong thi phéi béc bd.

Bai 10.2: Khuyét tat
Lu rung & giai doan hoan thién (ngudi) s& lam v két ciu d4 — Nt mit.
Bai 10.3: Lua chon thiét bi phuc vu

+ (a) KHONG dong y. Bé tong nhua phai giit nhiét d6 cao (khoang 140-165°C) tir
khi ri tram dén khi lu xong. Xe ben khéong bat che di 20 km s& mét nhiét rat
nhanh: hdn hop ngudi, ciing, khong thé dim chiit dat do chit — do rdng yéu ciu
— mit dudng bi khuyét tat (rdi rac, niit). Ngoai ra con badm bui, dinh mua.

+ (b) Yéu cau nha thiu: Che bat kin cAch nhiét trén thiing xe; do nhiét do hdn hop
khi dén cong trudng va chi cho rai khi con dat nhiét do tdi thiéu (thudng > 130-
140°C); néu nhiét d6 khong dat thi kién quyét khéng rai. C6 thé yéu cu rit ngin
cu ly van chuyén hodc dung xe chuyén dung c6 bat.
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CHUONG 11: QUAN LY MAY

Bai 11.1: Can bing di may

e Chu ky xe = 15 phuat = 900 giay.
* SO xe ly thuyét n = 900/75 = 12 xe.
* Dung 10 xe (< 12) - May dao phai chd xe (Lang phi).

Bai 11.2: Mua hay Thué?

Du 4n ngén (4 thang) — Nén Thué. Mua mdy mdi sé& chiu chi phi Khau hao rat 16n, khong
thu hdi kip.

Bai 11.3: Phan tich dit liéu Telematics

* Buéc 1: Thoi gian lam viéc thuc té
T;, = 100 x (1 — 0.35) = 65 gid.

 Budc 2: Miic tiéu thu trén mdi gio 1am viéc thuc té
800/65 =~ 12.3 lit/gid (so v6i 800/100 = 8 lit/gid néu tinh ca gid chay khong tai).

* (b) Vén dé diéu phéi: 35% thdi gian chay khong tii 1 qui cao (mtc 6t thudng
< 15%). Mdy van nd nhung khong lam viéc — d6t nhién liéu vé ich, ting git mdy,
mai mon dong cd. Nguyén nhan: chd xe ben / chd 1énh / chd vat liéu — tic 15i diéu
phdi doi may.

« Giai phap: Can d6i lai sd xe ben theo mdy xiic (trdnh may chd xe); quy dinh tit
may khi chd qua 5 phit; s3p xép ca va ludng di chuyén hop ly; ding Telematics
dé theo ddi va chin chinh tai xé.
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CHUONG 12: AN TOAN & TUONG LAI

Bai 12.1: An toan dién

* Ky thuat: Lip gi6i han hanh trinh, rao chin ciing.
e Hanh chinh: Ci ngudi xi-nhan, hop an toan dau gid.

Bai 12.2: May ty hanh

Dénh dbi gilta T6c dd va An toan. K§ su 4.0 can dung dit liu d€ 14p trinh lai 19 trinh t6i
wu hon chitt khong chi ép tién do.

Bai 12.3: Cau héi mé (Tu duy phan bién)

* (a) Méi truong & An toan cia Dy an A (may cap dién ty hanh): Méi truong —
khong phat thai khi thdi tai cong trudng, tiéng on thap hon hdn — t6t cho khu dan
cu va trong him kin; néu dién ldy tif ngudn tdi tao thi gidm phét thai carbon tong
thé. An toan — ty hanh giip giam sé ngudi trong ving nguy hiém; nhung phai
bdo dam hé thdng cam bién phdt hién ngudi/vat cén va c¢6 phuong dn ding khan
cép khi mét kiém sodt.

+ (b) Chi phi van hanh ciia A so véi B: Pién ré hon dau tinh theo git 1am viéc;
dong co dién it bd phan chuyén déng nén bio dudng it hon (khong diu mdy, loc
dau, hop sd) — A ré hon vé van hanh mdi gis. Nhung A c6 chi phi diu tu ban dau
cao, tudi tho pin hitu han (chi phi thay pin 16n) va cin ha ting sac.

« Két luan: A kinh t& hon khi khéi luong cong viéc di 16n dé khiu hao pin va c6
s&n dién; B van hop ly 6 cong trudng xa, khong cé ludi dién. Quyét dinh phai dua
trén tong chi phi sé hitu (TCO) theo ca vong ddi, khong chi gid mua.
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TAI LIEU THAM KHAO

Viéc xay dung danh muc ny nhdm muc dich: (1) Cung cip cdc ngudn tham khao chinh x4c cho
céc dit liéu dudc trich din; (2) Gii thiéu céc tai liéu doc thém chat lugng cao cho sinh vién va
dong nghiép.

I. TAI LIEU TIENG VIET

[1] Nguydn Vin Hing (2023). Mdy va thiét bi xdy dung. NXB Xay Dung, Ha Noi.

[2] Vii Liém Chinh, Pham Quang Diing, Truong Quéc Thanh (2013). Co s thiét ké mdy
xay dung. NXB Xay Dung, Ha Noi.

[3] Nguyén Pinh Tham, Nguyén Ngoc Thanh (2010). T6 chitc thi cong xdy dung. NXB
Xay Dung, Ha Nai.

IL. TAI LIEU TIENG ANH

[4] Day, D. A., & Benjamin, N. B. H. (1991). Construction equipment guide (2nd ed.). New
York: John Wiley & Sons.

[5] Nunnally, S. W. (2006). Construction methods and management (7th ed.). Upper Saddle
River, NJ: Pearson Prentice Hall.

[6] Peurifoy, R. L., Schexnayder, C. J., Shapira, A., & Schmitt, R. L. (2018). Construction
planning, equipment, and methods (9th ed.). New York: McGraw-Hill Education.

[7] Gould, F., & Joyce, N. (2023). Construction project management (5th ed.). Pearson.

III. TAI LIEU KY THUAT & INTERNET

[8] Caterpillar Inc. Caterpillar performance handbook (49th ed.). Peoria, IL: Caterpillar
Inc.

[9] B Xay dung (1995). TCVN 4453:1995 — Két cdu bé téng va bé téng cot thép toan khoi
— Quy pham thi cong va nghiém thu. Ha Ni.
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[10] B Xay dung (2012). TCVN 4447:2012 — Cong tac dat — Thi céng va nghiém thu. Ha
NGi.

[11] B Khoa hoc va Cong nghé (2020). TCVN 12790:2020 — Dat, da diam — Pam nén Proctor
trong phong thi nghiém. Ha Noi.

[12] B Khoa hoc va Cong nghé (2012). TCVN 4199:2012 — Dat xdy dung — Xdc dinh khoi
liwong thé tich khé va dé chdt tai hién truong bang phwong phdp rot cat. Ha Noi.

[13] Bé Xay dung (2014). TCVN 10304:2014 — Méng coc — Tiéu chuan thiét ké. Ha Noi.

[14] Bo Xay dung (2012). TCVN 9361:2012 — Céng tdc nén mong — Thi cong va nghiém thu.
Ha Noi.

[15] Bo Xay dung (2012). TCVN 9394:2012 — Coc khoan nhoi — Thi cong va nghiém thu. Ha
NOoi.

[16] B Xay dung (2012). TCVN 9393:2012 — Coc — Thi nghiém hién truong bdng tdi trong
tinh ép doc truc. Ha Noi.

[17] Bo Xay dung (2012). TCVN 9363:2012 — Khdo sdt dia k§ thudt céng trinh nha cao tang.
Ha Noi.

(18] Bo Xay dung (2014). TCVN 10379:2014 — Gia c6 dat bang chdt két dinh. Ha Noi.

[19] B Khoa hoc va Cong nghé (2013). TCVN 9842:2013 — Xit I nén ddt yéu — Phutong
phdp cé két hiit chan khéng. Ha Noi.

[20] Bo Xay dung (1991). TCVN 5308:1991 — Quy pham an toan trong xdy dung. Ha Noi.

[21] B9 Khoa hoc va Cong nghé (2022). TCVN 3106:2022 — Hon hop bé tong — Phuong phdp
xdc dinh do sut. Ha Noi.

[22] Bo Khoa hoc va Cong nghé (2011). TCVN 8819:2011 — Mdt duong bé tong nhua nong

— Yéu cau thi cong va nghiém thu. Ha Noi.

[23] Bo Khoa hoc va Cong nghé (1987). TCVN 4419:1987 — Khdo sdt xdy dung — Nguyén
tdc co ban. Ha Noi.

IL. NGUON ANH MINH HOA

1. Hinh v& do gido trinh tu tao. Toan b so dd, biéu dd va hinh ciu tao trong gido trinh (25
hinh) dudc vé truc tiép bing ma TikZ, khong sao chép tit tdc phdm ctia ngudi khac. Ma ngudn
clia tiing hinh ndm trong thu muc noidung/hinhve/ kém theo ban thio.

2. Anh chup 14y tir ngudn c6 gidy phép tu do.
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Hinh Téac pham — TAc gia Ngudn Gidy phép
H1.1 Cong trudng chg ba Lat, Viét Nam Wikimedia Commons  Public
Domain
H2.1 Mady dao banh xich Caterpillar 318CL Wikimedia Commons  CCO 1.0
H3.1 Komatsu WA500 wheel loader for Wikimedia Commons  CCO0 1.0
gravel mining — Syced
H3.3 Scrapers crawl over new levee — U.S. Wikimedia Commons  Public
Army Corps of Engineers Domain
H9.2 M4y bom bé tong: bom cin va bom tinh  Wikimedia Commons ~ CCO0 1.0
H10.1 Tram tron bé tdng nhua néng Wikimedia Commons  Public
Domain
H10.3 Vogele SUPER 1600-3i — Georg Pik Wikimedia Commons  CCO 1.0

CCO 1.0 1a gidy phép tac gia tif bd moi quyén ddi véi tdc pham; Public Domain 1a tic pham
khong dudc béo hd quyén tac gia (dnh do c6 quan chinh pht Hoa Ky cong bd, hodc da hét thoi
han b4o ho). C4 hai loai déu cho phép sti dung khong han ché, khong bit budc ghi ngudn; gido

trinh vAn ghi ngudn dudi mdi hinh dé bio ddm tinh minh bach.

3. Ghi chii vé nhan hiéu. Mbt s6 hinh anh c6 thé chia tén thuong mai hodc nhin hiéu ciia
nha s&n xuét in trén thAn mdy (vi du tén model thiét bi). Céc nhan hiéu nay xuit hién chi véi
chiic niing nhan dang thiét bi trong ndi dung giang day, khéng ham y bat ky quan hé tai trg,
chitng thue hay quang céo nao gifta nha san xuat vdi tac gid hodc nha xuat bén.

4. Anh chup con lai. C4c anh chup khéc trong gido trinh minh hoa cdc loai mdy xay dung phd
thong, dudc suu tdm phuc vu muc dich gidng day. Téc gid cam két chiu trach nhiém vé quyén st

dung tu liéu hinh 4nh trong gido trinh.
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