KET QUA NGHIEN CUU VA UNG DUNG

UNG DUNG PHUONG PHAP BINH PHUONG NHO NHAT
PE XAC PINH TY LE PHOI HOP CAC NHOM COT LIEU
TRONG BE TONG NHUA

Vi Ngoc Tru'’

Tém tat: Khi thiét ké cdp phéi bé téng nhira, can phdi trén cadc nhom cét liéu cé thanh phén hat khac nhau
nhuw dé dém, cat, bot da theo ty 1é nhat dinh dé dam bao thanh phan hat nam trong gidi han quy dinh cta tiéu
chuén va duong cong cap phéi déu dan. Néi dung bai béo dé cap dén (g dung phuwong phap binh phuong
bé nhét trong todn hoc dé xac dinh ty Ié tham gia ctia ttrng nhém vat liéu nhdm dura ra cap phdi hat cho bé
téng nhira thiét ké tiém céan tét nhat voi dudng cong cap phbi mong mubn.

Tirkhéa: phurong phap binh phurong bé nhat; bé téng nhura; thiét ké cap phoi

Summary: In designing asphalt concrete mix, it is necessary to mix different aggregates, namely: coarse
aggregate, sand, mineral aggregate in a designated proportion so that material quantities are in within
allowable limit as specified in technical specification. The article mentions the application of least square
method to determine the unit weight of each ingredient to recommend the design asphalt concrete
composition so that the gradation curve can be most fit to the desired curve.
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(® 1.patvanad

Céc loai cét ligu: da dam, cat, bot khoang duoc san xuat va lwu trik theo nhirtng cach khac nhau dé
tién cho cac muc dich str dung. Trong cdng tac thiét ké hén hop bé téng nhura, céng viéc dau tién la phai xac
dinh ty 1& phéi tron twong (rng cho tirng loai cét liéu nay dé chon ra mét hén hop cdt liéu co thanh phan hat
n&m trong giéi han dwdng bao cap phédi cét liéu theo quy dinh [2].

Déi véi bat ky mét hdn hop cét liéu nao thi lwong lot sang P (%) sau khi phéi tron tai cé sang i bat ky
luén tuan theo quan hé sau:

P,=Aa,+B,a,+Ca,+D,a,+... (1)
a,+a,ta,+a,+..=1 (2)
trong do:
-A, B, C,D,.lalwong lot qua sang (%) tai c& sang i bat ky cla tirng loai cét liéu str dung dé phéi tron;
-a,, a, a,... laty1é phéitrén cla trng loai cbt lidu.

Dwa vao codng thire (1) va (2) va trén co sé da biét cap phéi cla tirng loai cbt lidu (lwong lot sang qua
cac cd sangibatky A, B, C, D....), tién hanh tinh toan ty 1& phéi trén hop ly cla tivng loai cbt lidu (a,, a,, a,...)
dé hén hop dat dwoc co cac thanh phan hat bam sat dwéng cong cip phdi mong muén (cap phéi co do réng
tdi thiéu sau khi ddm nén).

Viéc xac dinh ty 1& phdi trén a,, a,, a,... cho tirng loai cbt liéu dwoc thwe hién theo nhiéu cach khac
nhau nhu phuong phap db giai, hodc xac dinh béng tinh nang "Solver" trong Microsoft Excel nhw gigi thiéu
trong tiéu chuén thiét ké cap phdi bé téng nhwa TCVN 8820:2011 [3].
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Nham lam phong phu thém cac phwong phap thiét ké cap phéi, trong bai bao nay sé gidi thiéu
phwong phap xac dinh ty 1é phdi trén cac nhém cét liéu trong bé tdng nhwra st dung mét cdng cu quen thudce
clia toan hoc, d6 a phuong phép binh phuong nhé nhét Khi biét thanh phén cép phdi cla tirng loai cbt liéu
dinh str dung trong bé téng nhya, va biét dwérng cong cép phéi mong muén, phwo'ng phap nay sé dwa ra ty

|& phéi trén cla tirng hén hop dé sai léch gitka dwdng cong cép phdi mong muén va thire nghiém 1a nhd
nhét.

(® 2. Noi dung phwong phap thiét ké cap phéi

Gia thiét ching ta cé m loai c6t liéu can phdi ho'p véi nhau dé tao ra cap phoi thiét ké cé thanh phan
hat ndm trong gi&i han quy dinh va gan nhat véi cp phdi mong mudn. Nhw vay, dwéng cong cap phbi mong
mudn phai dugc &n dinh trude.

Céac nhom cbt liéu va cap phéi dugc phan loai theo cac cd sang phu hop voi tiéu chuén thiét ké bé
tdng nhya. Tai cd sang D, lwgng lot sang cta cot liéu thivila Py, clia cap phdi mong muén la P, con cia céap
phoi dat dwoc sau phoitron la P, nhw mé ta trong bang 1 vatrén hinh 2. Chung ta can xacdinh cactilé tham
gia a, cia méi loai cét liéu dé tao ra cAp phdi co thanh phan hat gdn nhat véi cip phdi mong muén.

Béng 1. Thanh phén cép phéi hat ctia cadc nhém cét liéu

Lwong lot sang P(%) twong trng véi cac c& sang D,

.. 5 . Ty lé
Tén nhom cot liéu phésl' o

Dy
Nhém 1 ay ; Pin

Nhom 2 a - B,

Pin

Nhém m am

Cép phdi dat dwoc sau phdi tron

Cép phdi mong mudn

Viét lai phwong trinh (1) cho trieérng hop nay
B,=a.R;+a,.B; +..+a.F+.4a,P, Zm a.P; (3)

i m"" mj 1 ity

Cac ty 1& phdi trén a cuatung nhom hat thanh phan 1a chdp nhan dwoc khi cap phdi dat duoc
sau ph0| trén co tu=0fng lot sang & mdi c& sang nam trong gi¢i han quy dinh va sai léch nhé nhét véi
cap phdi mong muén, tire la:

> (By-p) =Y (E;) =min (4)

V&iE,la sailéch gitra dwéng cong cap phdi mong mudn va dwéng cong cap phdi sau phoi tron tai c&
sang D, (hinh2): E=P-P,

——Cip phéi sau phoi trén

Lwong lot sang P (%)

G—J_-n—bk‘

B Cap phéi mong mudn

Hinh 1. Quan hé gila cac tham sé
trong phuwrong phap thiét ké

Cé sang D (mm)
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Quan hé (4) cho phép rdtra dwoc hé n phwong trinh dao hamriéng nhw sau :

Nghiém duy nhéat ctia hé phwong trinh (5) chinh |a ty 1& tham gia a, cGia m&i nhém hat vat liéu, dap
(rng dwoc yéu cau la téng binh phuwong sai léch gitra cip phdi thiét ké va cap phdi mong mudn nhé nhét.
Tuy nhién, d& cap phéi thiét ké nay dwoc chap thuan, can phai so sanh véi quy dinh trong tiéu chuén thiét
ké. Néu nhu két qua sau phéi trén ndm ngoai gidi han quy dinh trong tiéu chuan ky thuat thi can phai thay
ddi hoac bd sung thém nhom vat liéu tham gia phdi trén va tinh lai cac ty 1é tham gia.

3. ’ng dung phwong phap binh phwong bé nhit dé thiét ké bé tong nhwa chit D, 19mm
(BTNC 19)

Chung ta sé (rng dung ly thuyét & trén dé tao ra cp phbi bé téng nhwa chat cé D, danh dinh 19mm
duoc phdi tron tir 5 nhom hat: Ba dam D,,,=25mm, da dam D,_=10mm, cat xay D,.,.=5mm, cat thién nhién
D,...=5mm va bot khoang cé thanh phan hat nhw trong bang 2 dwéi day (str dung cac cbt liéu & trong vi du
thiétké cap phbi bé tong nhuwa, dwoc gidi thigu trong tiéu chudn TCVN 8820:2011 [3]).

Ty 1€ lot sang (%)

e TP [ - . cat
sang Giatri | Dadam | Padam Cat xay tienhion
(mm) trung Dmax Dinax Dmax = Doax

binh 25 mm 10 mm 5 mm G

25 100 100 100 100 100

19 90 95 86.3 100 100 100

86 7 30.6 100 100 100

78 58 7.4 90.9 100 98.8

61 36 23 46.2 90.5 95

45 25 0.3 15.2 701

33 17 0.3 1:9 45.5

25 12 0.2 0.7 18.9

17 8 0 0.2 125 8.7
8 5 6.5 0 0 7.4 0.9

Ty |& tham gia phdi trén a, Zh ag £y an

Budng cong cap phéi hat ctia 5 nhém cét liéu ban dau va cac dweng cong gidi han trén, gi¢i han
dwdi dwoc biéu thj théng qua ty 18 lot sang & 10 c& sang tir 0,074-25mm nhuw trén hinh 2. Bwéng cong cap
phéi mong mudn dwoc lwa chon truére, gia thiét la dwang trung binh cla hai gidi han trén va duoi.

Muc tiéu ctia bai toan 1a can xac dinh ty 1& tham gia a, (%) cia méi loai trong 5 loai cbt liéu ban dau dé
céap phdi tao ra co thanh phan cap phéi trong gi¢i han quy dinh va cé dwéng cong cap phéi gan vaéi duwéng
trung binh nhat théng qua phwong phap binh phwrong nhé nhét.

Chungtaco: ata,ta,+ta,+a.=1 (6)
Pi=a:Py+ta;. Py+a, Py+a, P.+a. P, (7)

Nhuw vay: a,=1-a,-a,-a,-a, (8)
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Hinh 2. Duong c&p phéi cia vét liéu nghién ciu va cac mién gion han
D9 1&ch taimdicd sang: E;= PP,
E; =a;:Pi*a; P;+8;Py*a P +8.P.-P,
=a,.P,ta, P,+a,P,+a,P,+(1-a,-a,-a,-a,).P; -P,
= (Pu' st)'a1 * (sz" Ps,)'az +(P3f' st)'aa +(Paf PSJ)'aa * (Pﬁj_ P;)
GO| X1| = P‘Ij— Pﬁj; XZJ = Pz;' PSJ; X3j = st' st; X'lj = Pq" Ps,; ij = Pj‘ st;
Phwong trinh (8) co6 dang:
E=X,a+X,.a,+X;a,+X,.a,-X, (10)
Binh phwong sai léch gitra cAp phdi mong muén va cép phéi thiét ké tai c& sang D, :
(E,) =X Yy P X, T _ij)z
2 2 ) 2 9 2 2 2
= Xjjap + X505 + X305 + X5 a0 + X
+2.X,,. X, 4.0, + 2.X,, X, a0+ 2.X, . X aa,
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4 n 2

O alB)
O, a

oy (E) S

Z:=1(Ej)2 =min < < Ca, -

az.ﬁ'zl(Ef)z -

day

0

BZTZI(EJ')Z

=0
. oa,

s n

a.) (X;) +a, .ZFIXU.XQ_]- +a .ZFI i o +a4.zj:1 XX, =2F|X, " .9

=

n

% 3 n n " n
@), XXy +ay ) (Xy) +a3.zj:| b A A9 +a4.zf_:1X2 5% —ZHXZ oy
=

al'Zj:lei'X3.f +“2'Z,-=1X2.1'X3:' +“'3'ZI.(X31)2 +“4'Z;=1X3.1‘X41 :ZHX!:"XSJ
J=

L4
n H n 2 _ n
a XXy @, Xy Xy ) Xy Xy +a) (X)) =2 Xy X,
o j=1

=1

sO 16

B5.2013 TAP CHI KHOA HOC cONG NGHE XAYDUNG




Thay vao ta co:

68087.61 49419.54 30754.54 23456.96 a 45041.87
49419.54 44895.24 29800.05 22918.95 X @ | _ 37467.09
30754.54 29800.05 22290.62 18497.09 ay 24950.63
23456.96 22018.95 18497.09 16926.23 a, 19659.45

Giai hé phwong trinh trén, ta xac dinh dwgc cac hé sba,nhu trong bang sau:

Bang 3. Két qua tinh toan ty 1& phéi trén

Pa dam Dpax Pa dam Dpax Cat xay Cat tw nhién

Tén nhém cot liéu 9% v 1DimT D, 5mm D,.. 5 mm

Ty 1& phoi tron a, 0.31 0.36 0.08 0.16

Bang 4. Thanh phan cap phbi dat duwoc sau phdi trén

C& sang (mm) 25 19 12.5 95 | 475 | 2.36 | 1.18 0.6 0.3 | 0.075
% lot sang 100 | 958 | 785 | 67.8 | 487 | 345 | 256 | 18.1 114 76

Cac ty 1& phdi trén nay sé tao ra cip phéi tinh toan nhu trong bang 4, theo muc tiéu bam sat dwdng
cong cap phédi mong muén.

So sanh vé dinh tinh, dwéng cong cap phéi binh phwong tinh toan phwong phap binh phuong bé
nhéat gan nhw tring véi dwéng trung binh va ndm trong mién gi¢i han quy dinh tiéu chuan thiét ké bé téng
nhwa TCVN 8819: 2011 (hinh 3a). Trong khi d6, cac duwérng cong cép phéi tinh toan KQ1, KQ2, KQ3 va KQ4
(str dung céc két qua nhan dwoc khi dung ham Solver, dwgc gidi thiéu trong tiéu chudn TCVN 8820 :2011)
cling nam trong gi&i han quy dinh, nhwng mic dd mém mai la rat khac nhau va chwa bam sat dwéng trung
binh, m&c du ciing thiét ké theo muc tiéu bam sat dwérng trung binh (hinh 3b).

So sanh theo dinh lwong, sw khac biét gitra cac phwong an phéi tron thé hién & gia tri tbng binh
phuwong sailéch gitra duwéng cong cap phéi trung binh véi cac dwdng cong cép phbi tinh toan. Két qua tinh
toan trong bang 5 cho thay gitra cac cép phdi tinh toan, cdp phéi tinh theo phwong phap binh phuong bé
nhét co sailéch nhé nhét so véi két qua dung ham Solver.
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a)Két qua tinh theo phwong phap binh phuong nhd nhét b)Cac két qua dung ham Solver [3]

Hinh 3. So sanh céc duwéng cong cap phéi tinh toén

TAP CHI KHOA HOC CONG NGHE XAYDUNG %(:163




KET QUA NGHIEN CUU VA UNG DUNG

Béng 5. Phuong sai clia céc cép phéi thiét ké

Tén c&p phéi thiét ké Téng binh phuong sailgch Y (£)?

=1

KQ 1 78.3
KQ 2 140.1
97.9

147.6

4.4

Qua cac phan tich ly thuyét va vi du tinh toan da cho thay tinh hiéu qua clia phwong phap binh
phwong bé nhat trong thiét ké thanh phan hat cho bé tdng Asphalt. V@i nguyén ly twong tw, ching ta cé thé
(rng dung réng rai phwong phap nay trong thiét ké cap phdi cac loai vat liéu nhw cap phéi da dam, cap phéi
bé tdng xi mang... nhdm dwa ra dwgc hdn hop co sy déng déu cao va phll hop véi dwdng cong cap phobi
mong mudn. V@i sw hé tro clia may tinh, kha nang str dung phwong phap nay tré nén don gian va linh hoat.
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