Tinh nhanh d6 ltin ciia méng chirnhat
cho nén nlia khong gian

Quick method to calculate the settlement of rectangular foundations in half-spac

Tom tat

Cong lin cacl6p phan t6 la phuong phap phé
bién ap dung tinh lan cho méng tiét dién chir
nhat, vudng hodc mong bang trén nén nira khéng
gian dugc trinh bay trong tiéu chuan thiét ké
moéng ndng[1]va cac tai liéu nén mong lién quan.
Phuong phap nay tinh gan ding dién tich biéu do
iing suat gay lin bang cach phan nhé thanh ting
16p nén va khéi lugng tinh toan Ién. Nhdm muc
dich giam khéi lugng, rut ngan théi gian tinh toan
bai bao trinh bay phuang phap tinh nhanh do lin
ctia méng chif nhat trén nén nita khong gian bién
dang tuyén tinh duva trén nguyén tac tinh dién
tich ciia biéu d6 (ing sudt gay lin bang phuong
phap tich phan. Dua trén cong thiic thiét lap dugc
1ap bang tra hé s6 dé viéc tinh toan thuén tién
hon.

Tir khéa: D liin,cong ltin cdc I6p phan t6, mong ndng,
mang chii nhdt tich phdn

Abstract

The layer wise summation method is popular for
calculating the settlement of rectangular, square, or
strip foundations on a homogeneous, elastic-isotropic
half-space. It is introduced in shallow foundation design
standards [1] and other related documents. This method
approximates the stress distribution by subdividing it
into layers and considering the stress distribution in each
layer uniform. Thus, the calculation process is relatively
laborious. To reduce the work as well as the time of
calculation, the paper presents an enhanced method

to quickly calculate the settlement of the rectangular
foundation on a homogeneous, elastic-isotropic half-
space. The proposed method calculates the area of the
stress distribution by integral. The practical coefficients
derived from the proposed formula are tabulated to
make the calculation more convenient.

Key words: Settlement, layerwise summation, shallow
foundation, rectangular foundation, integral

ThS. Nguyén Thi Thanh Huwong

B¢ mén Pia kjf thudt-Cong trinh ngam
Khoa Xay dung

Email: huongkxd@gmail.com

DT: 0983695880

Ngay nhan bai: 21/5/2021
Ngay stra bai: 24/5/2021
Ngay duyét dang: 21/7/2023

Nguyén Thi Thanh Huong

1. bat van dé
Khi thiét ké nén mong cong trinh dan dung va céng nghiép, viéc tinh toan
d6 lun lubn duwoc cép ky sw dac biét quan tdm. Cong lun cac Iép phan to
la phwong phap truyén thong hién dang dwoc ap dung rong rai dé tinh ltn
khi nén la ntra khong gian. pé ap dung phuong phap nay can chia qhé nen
thanh cac I&p phan t6 dong nhat v&i chiéu day khong Ién hon 1/4 chiéu rong
mc’mg,vj vay mét Iop dat sé dwoc chia thanh nhiéu phan t6 nhd honva lam
tangkhdi lwgng tinh toan. Bai bao nghién ctru giai phap ruat gon qua trinh tinh
toan trén.
2. No6i dung phwong phap céng ltn cac Iép phan t6
Do Itn 6n dinh & tam mong theo phuong phap cong lin cac I&p phan té
dwoc xac dinh nhuw sau:
n il h
o .h
S=p) I3
i=1 i (1)
Trong do:
B - hé sb khéng th& nguyén béng 0,8;
n - 56 16p chia theo d sau clia tang chiju nén
cla nén;

al
(o)

h; - chiéu day cta 16p phan tb dat the i.

B
Zia hi =—

E; - m6 dun bién dang cla I&p dét th i;

o-ff - rng suét gay lun trung binh clia phan

d !
L, 1 .. —a O +0f
| tothr I. o, =%;

! 1 ” P4 a . © oaaA A N
o 1 o-f ,o-f_l - rng suat gay lun tai d6 séau z; va

b

b

2.1 ké tr d& mong. o¥ = ac¥;
o - hé sé tinh toan do 1tn & tam cla dién
chi¥ nhat, c6 thé tra bang C.1 [1] phu thudc
(n =L/B; m = 2z/B); L, B I&n lwot 13 chidu dai
va chiéu rong clia moéng chiv nhat;
z - khodng céch tir @& mong dén diém can
xac dinh (rng suét.

Cling co thé chia mong thanh 4 phan bang nhau nhw Hinh 1 va ap dung
phwong phap diém géc. Khi d6 (rng suét gay 1un tai d sau z; & tam cla dién
chlr nhat LxB dworc xac dinh theo a, nhw sau:

Hinh 1. Biéu dd rng suéat
gay lan

o =4a,0¢,
0,4 CO thé tra bang hodc tinh theo cong thirc:
1 blz(b2 +0I’ +2zz) bl

o, =— + arctan
2z (b2+z2)(12+zz)x/b2+lz+z2 NP+ + 22

)

Vi l=£;b=£
2 2
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3. Giai phap tinh lan dwa vao tich phan
a) Bién déi cong thirc tinh lun

Chuyén vi twong déi theo phuong théng dieng /., xac dinh
nhw sau:

E

i

2 =B as-ra-pZ

Fodz E,

D6 lun cla I&ép dat thiy i (i la I6p dat khac nhau trong
pham vi gi¢i han nén, trong pham vi mét Iép dat, E; la hang
sb) dwoc xac dinh:

5, = j Adz =ﬁzf %dz =4/3} %ﬁodz

4ﬂ;'z 0 {J-a dz— J o dzJ

i

(3)
Ia dz

Goi ag = la hé s goc trung binh, thay (2) vao

z
ta co:
Cong thire (3) viét lai thanh:
4pc8, — -

Zz=l

s, = Qg Z, — Qg Z;_
E, (g & 1) @)

Do Itn cdia nén:
; ( ag 12 1)
S= ZS —4ﬁo-foz
E (%)

blz(b* +17 +227)
1 (bz+zz)(12+zz)\lbz+lz+z2
P bz
+arctanm

z (6)
Tich phan biéu thirc (6) ta dwoc:

dz

dg =

— 1 bl
o, = —arctan ——————
Y 2Nb + 1P+ 27
WD+ + 22 —b)YNB +12 +b)
WD+ + 22 +B)NP +12 —b)
(\/b2 + P2 +22 DD+ +1)
T (\/b2 +P 422 + D)W+ =)

()

V¢&iz =0 taco:

.= . 1 bl
limag =lim| —arctan ——————

z—0 =0\ 271 z lb2+12+22
| (Jb2+12+z —b)YNB +1* +b)
+lim| —
) 20z (\/b2+lz+z + bYW +17 —b)
2 2 2 2
il 21 B+ +2 — DD +17 +1)
0| 21z (B + PP+ 2 + Wb+ 1 1)

=0,25+0+0=0,25

b) Quy trinh tinh toan dé lun theo céng thirc (5)

+ X&c dinh (rng suét gay lun tai day mong

+ Xac dinh gi6i han nén theo [1] hoac c6 thé tinh gan
dung dén dé sau z = 3B ké tir dé mong.

+ Tinh Eg theo cong thirc (7) hodc tra Bang 1 phu thudc

ti s6 n=l/b va m = z/b tai dé méng, ranh gioi gitra cac Iop dét
trong pham vi nén va tai gi¢i han nén.

+ Tinh toan dd Itn 6n dinh theo cong thirc (5).

Nhuw vay, ap dung cong thic (5) khi tinh lun sé khong
phai chia nén thanh cac 1&p phan tdnhw phwong phap cong
ltn truyén théng nén giam dwoc thdi gian tinh toan. Ciing
twong tw nhw ag 1ap bang tra a¢ cong viéc tinh toan sé
thuan loi hon nhiéu.

c) Thiét Iap bang tra as dua trénty sén=1I/bvam=z/b
= | = nb; z =mb thay vao cbéng thirc (7) ta dwoc:

— 1 n
o, =—arctan

TRy g
n (\/l+m +n’ —1)(\/1+n +1)
2o’ (\/l-i-m +n +)W1+n’ =1)
1 (\/1+m +n’ —n)(\/1+n +n)

In
27zm (\/l—i-m2 +n’ —l—n)(\/l+n2 —n)

(8)

d) Twong quan gitra o, va Eg

0.300 — Dé so sanh tvong quan gitra hai gia tri o,
va a, V& biéu dd minh hoa véi trwong hop
0.250 — 1 ip—— moéng c6 L = 3,0m: B = 2,5m
0.200 VGi duong 1: Heé sé a, va dwong 2: Hé
o 0.150 + sO a,
% 0.100 + Nhan xét
0.650 L Do thi trén Hinh 2 cho ta thdy quan hé
: e T gitra ag gia tri a, nhw sau:
0.000 : : : t t 3 { oo ok a4
00 20 40 60 80 100 120 140 , ' 1aiz=0(taidemong)cahaihé sodeu
bang 0,25.

Do sau z (m)

Hinh 2. Quan hé gii¥a hé sb o4 va a5

+ Cang xubng sau thi Eg gidm cham va
0g gidm nhanh, tai d6 sau cé z/b = 10

g o, =3,738.
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Bang 1 — Gia tri hé s6 Eg

m=z/”b='/ b 1 1,2 1,4 1,6 1,8 2 4 5 10

0 0,2500 0,2500 0,2500 0,2500 0,2500 0,2500 0,2500 0,2500 0,2500
0,2 0,2496 0,2497 0,2497 0,2498 0,2498 0,2498 0,2498 0,2498 0,2498
0,4 0,2474 0,2479 0,2481 0,2483 0,2483 0,2484 0,2485 | 0,2485 0,2485
0,6 0,2423 0,2437 0,2444 0,2448 0,2451 0,2452 0,2455 | 0,2455 0,2456
0,8 0,2346 0,2372 0,2387 0,2395 0,2400 0,2403 0,2410 0,2410 0,2410
1 0,2252 0,2291 0,2313 0,2326 0,2335 0,2340 0,2352 0,2353 0,2353
1,2 0,2149 0,2199 0,2229 0,2248 0,2260 0,2268 0,2287 0,2288 0,2289
1,4 0,2043 0,2102 0,2140 0,2164 0,2180 0,2191 0,2218 0,2220 0,2221
1,6 0,1939 0,2006 0,2049 0,2079 0,2099 0,2113 0,2148 0,2150 0,2152
1,8 0,1840 0,1912 0,1960 0,1994 0,2018 0,2034 0,2079 0,2082 0,2084
2 0,1746 0,1822 0,1875 0,1912 0,1938 0,1958 0,2012 0,2016 0,2018
2,2 0,1659 0,1737 0,1793 0,1833 0,1862 0,1883 0,1947 0,1952 0,1955
2,4 0,1578 0,1657 0,1715 0,1757 0,1789 0,1812 0,1885 | 0,1890 0,1895
2,6 0,1503 0,1583 0,1642 0,1686 0,1719 0,1745 0,1825 | 0,1832 0,1838
2,8 0,1433 0,1514 0,1574 0,1619 0,1654 0,1680 0,1769 0,1777 0,1784
3 0,1369 0,1449 0,1510 0,1556 0,1592 0,1619 0,1715 | 0,1725 0,1733
3,2 0,1310 0,1390 0,1450 0,1497 0,1533 0,1562 0,1664 0,1675 0,1685
34 0,1256 0,1334 0,1394 0,1441 0,1478 0,1508 0,1616 0,1628 0,1639
3,6 0,1205 0,1282 0,1342 0,1389 0,1427 0,1456 0,1570 0,1583 0,1595
3,8 0,1158 0,1234 0,1293 0,1340 0,1378 0,1408 0,1526 0,1541 0,1554
4 0,114 0,1189 0,1248 0,1294 0,1332 0,1362 0,1485 | 0,1500 0,1516
42 0,1073 0,1147 0,1205 0,1251 0,1289 0,1319 0,1445 | 0,1462 0,1479
4.4 0,1035 0,1107 0,1164 0,1210 0,1248 0,1279 0,1407 0,1425 0,1444
4.6 0,1000 0,1070 0,1127 0,1172 0,1209 0,1240 0,1371 0,1390 0,1410
4,8 0,0967 0,1036 0,1091 0,1136 0,1173 0,1204 0,1337 0,1357 0,1379
5 0,0935 0,1003 0,1057 0,1102 0,1139 0,1169 0,1304 0,1325 0,1348
5,2 0,0906 0,0972 0,1026 0,1070 0,1106 0,1136 0,1273 0,1295 0,1320

Bang 2 - Chi tiéu cd ly cua dat

i e Chiéu day | v ¥s w e Yan E
TT | Tenlop dat (m) ’ kKN/m* [ kN/m® | % kN/m? kPa
1 D4t 14p 0,8 16,0 - - - - -
2 Sét pha 3,5 19,2 26,5 25 0,7253 9,564 8400
19,5 26,3 21 0,6319 9,988 11600
3 Céat pha = , . o N
Chiéu day chwa két thuc & dd sau ho tham do: 15m

4. Vi du so sanh

Xe"t mong chir n’hét LxB = 2,4‘x 2m’ch6n sau 1.7m ké tir
mat gét tw nhién (cc“)’t trong nha bang cot tw nhién) nhu"Hinh
3. Nen gom 3 I&p dat nhu trong Bang 2. Muc nuwdc ngam &
do sau: 2,0m ké tir mat dat.Ap Iwc tiéu chuén trung binh &

e _
day méng P = 211,536kPa .
a) Phuong phéap céng lin céc I6p phén té

| = I’_/2 =24/2 = 1,2‘m; b= !3/2 =2/2 = 1n]; chiéu day I6p
phan t6 hi = 0,4m va dong nhat théa man diéu kién hi < B/4
=2/4=0,5m

Gioi han nén tai diém 13 & do sau z = 5m ké tir dé méng
théa man diéu kién:

o, =15,387kPa < 0,20"

z;+h

=0,2.81,808 =16,3617kPa

Vay d6 an ciia nén S = 3,29cm. (Hinh 3)
b) Tinh lin cta nén theo céng thirc (5)
0,1583.2,6-0,25.0
8400
0,1003.5-0,1583.2,6
11600

§=4.0,8.181,456.

=0,03295m =3,295cm

c) Nhéan xét
D4 Itn ctia nén xac dinh theo hai phwong phép cho gié tri
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Bang 3 — Tinh toan do lan theo phucng phap cong lin cac I6p phan to

X gl =4 gl bt E
piém | zlb | b o Tz = %00 Tz :
(m) (kPa) (kPa) (kPa)
0 0 0 1,2 0,2500 181,456 30,080 8400
1 0,4 0,4 0,2420 175,649 8400 0,00680
2 0,8 0,8 0,2075 150,608 8400 0,00621
3 1,2 1,2 0,1626 118,019 8400 0,00512
4 1,6 1,6 0,1241 90,075 8400 0,00396
5 2,0 2,0 0,0947 68,736 8400 0,00302
6 2,4 2,4 0,0734 53,275 8400 0,00232
6' 2,6 2,6 0,0651 47,251 57,837 8400 0,00096
7 2,8 2,8 0,0580 42,098 11600 0,00062
8 3,2 3,2 0,0467 33,896 11600 0,00105
9 3,6 3,6 0,0382 27,726 11600 0,00085
10 4,0 4,0 0,0318 23,081 11600 0,00070
1" 4.4 4.4 0,0268 19,452 11600 0,00059
12 4.8 4.8 0,0229 16,621 79,811 11600 0,00050
13 5,0 5,0 0,0212 15,387 81,808 11600 0,00022
S= 0,03292
Bang 4 — Tinh toan do 1Gn theo cong thirc (5)
piém | ° b | b @ o0 | gt B Si
i Z; o 4
(m) ' o (kPa) " (kPa) | (kPa) (m)
0 0 0 1,2 0,2500 181,456 30,080
2,6 2,6 0,1583 57,837 8400 0,02845
2 5,0 5,0 0,1003 81,808 11600 0,00450
S= 0,03295
chénh léch khong dang ké. Ap dung cong thirc (5) tinh toan AT 000
don gian, ngan gon, dong thoi cho két qua chinh xac hon do Tlﬁ
dién tich biéu dd (rng suét gay lun duoc tinh bang phuwong & @ 28
phap tich phan. <| . !
Ca hai phwong phap déu ap dung dinh luat Hooke. - 4 \‘
Phuwong phép cong lun cac I&p phan to tinh gan dl]r]g bang * /
viéc chia nén thanh céac I&p di mdng va cé mo dun bién dang T
khong thay ddi; phuong phap tinh ldn &p dung cong thir (5) /
tinh chinh xac chi can I&p dat cé moé dun bién dang khong ) @
thay dbi. 18,019
5. Két luan
- Két qua tinh toan cho thy day la phuwong phap ngén
gon, hiéu qua dé xac dinh dd lun 6n dinh cta nén.
- Cong thire (5) va Bang 1 chi ap dung dé tinh toan d6 lun
véi méng chi nhat trén nén ntra khong gian.
- Dua trén néi dung nghién ctu ctia bai bao cé thé xay
dwng duwoc cong thirc va bang tra dé tinh toan d6 Iin cho
mong bang trén nén nira khdng gian. /.
®
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181,456

175,649

Hinh 3. Biéu do rng suat gay lin va {rng suat ban

than
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