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1.1 BE-Fi&it (factorial design)
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1.2 R A% #73% (response surface methodology, RSM)
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the optimization method of anchorage
parameters for rammed earth sites
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Fig. 1  The technical route
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displacement meter
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soil of the rammed earth site
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Fig. 2 Schematic diagram for the pull-out test of the anchorage system
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Table 1 ~ Control factors and factor levels

:
0 s, 83 s

3 TS5 LA S RS - 1 R
Fig. 3 The bond-slip model for the bamboo-rammed

earth interface

factor level

control factor

1 2 3 4 5
L, /mm 800 1 200 1 500 2 000 3 000
d /mm 75 80 85 100 110
L,/d, 22.86 34.29 42.86 57.14 85.71
d/d, 2.14 2.28 2.43 2.86 3.14
anchor diameter d;, /mm 35(mean)

®2 TR IR R R g R

Table 2 Bamboo bolt in-situ pull-out test results'314)
(l/d()
d/d, 22.86 34.29 42.86 57.14 85.71
P /kN V/mm? P /kN V /mm? P /kN V /mm? P /kN V/mm? P /kN V /mm?
9.88 15.36 16.14 19.11 23.54
2.14 2.76E+6 4.14E+6 5.18E+6 6.91E+6 1.04E+7
13.22 13.28 14.63 21.09 20.03
14.61 22.19 27.38 29.89 32.98
2.28 3.25E+6 4.87E+6 6.09E+6 8.12E+6 1.22E+7
17.93 19.79 31.33 33.14 34.27
19.39 28.36 35.72 39.82 40.50
2.43 3.77E+6 5.65E+6 7.07E+6 9.42E+6 1.41E+7
19.39 25.22 34.47 38.44 38.63
22.08 29.94 34.38 40.87 37.17
2.86 5.51E+6 8.27E+6 1.03E+7 1.38E+7 2.07E+7
19.87 30.17 36.99 38.12 39.65
18.98 29.84 33.13 36.81 34.21
3.14 6.83E+6 1.02E+7 1.28E+7 1.71E+7 2.56E+7
19.41 28.10 35.19 29.83 38.74
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P =-327 +240.3(d/d,) + 1.016(L,/d,) — 43.45(L,/d,)’* -
0.007 06(d/d,)* + 0.005 3(d/d,) (L,/d,) , (5)
V=12 426 809 — 9 594 268(d/d,) - 263 215(L,/d,) +
1812 431(L,/d,)* - 2.5(d/d,)* +
177 737(d/d,) (L,/d,) . (6)
R T AR T A AR A XM N, PRV RS R AR B AR AR 2R (2K (5) F(6) ) A
Sz i) A P — i) 1 P R0 o 1 T T RN A (T (1 4 FIELS)
Bl 4 S HAE FESEE R A 1 P e o7 18 L TT LAt iR PR d/d, R8G5 S ) Dk
AR TRE L,/d, B3 P AH 2 IELPERG K.
R AT PO 4R S B URAR B 23] T PSR LR (B 5) JHREIRTE
L,/dy, Fld/d, %t PAER S8R 3 W P A eI DX A7 T DR TS A, b DX 3 ) e K
Frik g P K L 42 kN .

P/kN
P<10

M 10<P<I18

W 18<P<26

W 26<P<34

W 34<P<42

W P>42

2.2 2.4 2.6 2.8 3.0

d/dy
B4 P AL E E5 PIFHELXAE
Fig. 4 The response surface diagram of P Fig. 5 The contour plot of P
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BRI, RIS d/dy BRI, VB L,/ d, W38 IR 5 I RN, V BE d/d, B L,/ d, s
AR Ak BT AR g i 7 T R S S 2R AR 2, V I e X T8 7 22 T, RIS d/d, Fi
L,/d, ¥/ R v BAS E A, IEIX 3P VAR /N T 5%10° mm”,

IR AT B T A N A [ R S R AR A R B B T e M R R B RS X, 1H
B 7 43T A 3 AR S R ) A T B AR SR AN B A, ) 17 ) e EIE 1 % g 17 ) e P 5 4
HANTEHE— L0 B 8 AR PRI A SRR B P11 d R o7 A -5 A 1 1 e A PR 38 A i i
P BRI R 4 9.88~40.87 kN .
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k7 43.04 kN, iZ(HME T HARME 40.87 kN, HIL d* H4 1, MRS RS8R d/d, M L,/d,
PEBUELH A 2.766 3 F173.013.
MR VA Ese/IME T G S B iR A, ARPER IR S5 S T S0, mny VA B/ MEHE R LR
2.76x10° ~2.56x 107 mm® . F5e/ )N o7 {5 A i e It R R 1A Q& 9 o,
¥ /mm?®
< 5%10°
W5x10°<V <1x107

WIx107<V<1.5%x107
W1.5%10'<V<2x107

2.4x10’ W 2x107<V<2.5%107
W)y >2.5%107
“21.6x10
£
X 8x10
0
2.0

2.2 24 26 2.8 3.0

d/dy
B6 v ] B7 vEHLA
Fig. 6 The response surface diagram of V Fig. 7 The contour plot of V
) ) d/d, L,/d,
oy - [23 713‘2 3] [% 'g 11 9 0]
. current . d
b:1.000 low 2.140 22.860
composite
desirability /
D:1.000
P/kN 4
maximum
y=43.0414
d=1.0000

B8 Wik P Sl A
Fig. 8 The optimal parameter combination of response P

HEL9 AT LA Y W VBl d/d, F1L,/ dy W RITTIE K AR S 4 vk, v i T £ /)
{E>K 2.875x10° mm®, IZ{EME KT HARE 2.76x10° mm®, L 4 i KA R 0.994 95, K TE
d/dy M L,/d, ¥R/ IME I 3R 15

ZEEFNR, AT LAR B, W P B IRARAEAE d/d, R L,/ d, S98KIARAS W, VG A (i
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} d/d L,/d,
optimal high [3138] 85.710
. current 5 [22.860]

D:0.9950 "o 2140 22.860
composite

desirability

D:0.9950

v /mm?®
maximum /
y=2.875E6 S

" e
d =0.99495 i /
It 1

B9 W VRSN E

Fig. 9 The optimal parameter combination of response V
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IR I LANE RNAGRAGE G G B D Y BHEA

D =-9.668 + 6.773(d/d,) + 0.061 75(L,/d,) -
1.154 9(d/d,)* - 0.013 571(d/d,) (L,/d,) . (7)

K10 M RS EEFRNE GG B D ryma i i &, o] DUE D S R SRR AR Lt
Ak B d/dy T L,/ dy B3GR, DB Y2 el KGNS a3, 2 b 2 i R BT 11 52
G A B D W BURE EEL ELD I 5 XA T EDE 35 % X380y DEE KT 0.8, BRI d/d,,
L,/dy 3 REGE /NS A BESRAF I E 1Y D {A.

W BT A B 7 14 B L AR SR & 9 ) T [R) — S (B 2k (BT v A5 381 22 o) 7 179 o 75 5
HER I, % AT B T 38 A0 A [7) DXl o 7 (6 0 5 A 0 >R AT 0 A kb o S 50U 2R 1 7 By
X Ao 7 7 S AR 120 07 14 S5 PR 5 SR 15 A T 42 52 1 o) I L DX ] (s AR I SR 2R |, 9K

JE 2 A AL L E 12 BRI R PV S S AL, B S R TR, i RR
BRLATA TR L 12 o ) AR Ry T BR P ) R R X, i X IR e S P VR ]
P AL T4 B B SEELR Z 0], n] ATk AT B a5 6 Rz A 3k R 5 BOK 74 & 2 RE T A2 A 10T 15
FE IR R R AN L, d, = 53 M d/d, = 2.5;L,/d, = 42 Fl d/d, = 2.7.

LRI T E A G RN D BEASFE SRS EUN AR e T e L) K EX
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AT AT AR E T B RE P  HARE R 40.87 kN, RS K T 40.87 kN 19 P {HIIA N
AR IR V B HARME N 2.76%10° mm® , RS A /N T 2.76x10° mm* 89 V (G XA R i fE.

D
D<0.2
W 0.2<D<0.4
MW 0.4<D<0.6
M 0.6<D<0.8
W D> 0.8
22 24 2.6 2.8 3.0
d/d
B 10 D i R A B 11 DAL
Fig. 10 The response surface diagram of D Fig. 11  The contour plot of D
y/mm’ .
8.5x10°
------------ 1x107
P/kN
—35
------------ 40
22 2.4 2.6 2.8 3.0
d/d
B 12 Wi PRV S (A
Fig. 12 The overlaid contour plot of P and V
R3 AAESHHHUEX
Table 3 The interval value of each process parameter
parameter acceptable lower limit L acceptable upper limit U weight w
d/d, 2.14 3.14 1
L,/d, 22.86 85.71 1
R4 AN A E AR S IBUE X E]
Table 4 The interval value and desired goal of each response
response acceptable lower limit L acceptable upper limit U
weight w
goal minimun maximum
P /kN 9.88 40.87 1
V/mm’ 2.76E+6 2.56E+7 1

3 MR 4 PII T A RS ES F AR A B TR, o R 2 OB X TR 261
BOE RN ZKF00 2 , F AR R DX 1] i ST B RO 4 2R (W3R 2) Bl A SCR X
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S A G 7 gz A Ak ) B £ 7R i
KT (SPSS \MINITAB %) 43 M il 15,24 d/d, = 2.604 6,L,/d, = 48.888 8 Bf 5 &

AR

HAMAAS(5) F(6) Bpar 45l ma iy P AV A i , A 551 h 37.780 3

kN F19.5x10° mm® , I MR 4 B93HE AR AT LR

d/ =

0, P < 9.88 kN,

y, —9.88 \"
LT 1 9.88 kN < 7 < 40.87 kN, (8)
40.87 - 9.88

1, P > 40.87 kN,

Hi T 9.88 kN< P, <40.87 kN, d; =(37.780 3-9.88)/(40.87-9.88)= 0.900 3.

d, =

1, V < 2.76 x 10° mm®,
[ 2.56 x 107 -y,

2.56 x 107 - 2.76 x 10°
0, V> 2.56 x 10" mm®,

wy
j , 2.76 x 10° mm’ < V < 2.56 x 10" mm’,

(9)

BT 2.76x10° mm’< V. <2.56x10" mm’, d; =(2.56x107-9.5x10°)/(2.56x10"-2.76x10°)

=0.704 9.

B BN AR ST 25 e R o [R] S5 E L R (8) FT(9) HANER w, ,w, FHCH 1, TS PR~ 1
HRBI AL E A G2 D nT R (4) AR, D = (0.900 3 x 0.704 9) "> = 0.796 6.

P 13 Syt bR D7 I AE BOE L P AV P BEE S A E R R T AR E K

) ) d/dy L,/d,
optimal high 3.140 85.710
-0.796 6 current  [2.604 6] [48.8888]
b low  2.140 22.860
/ \\\\\ // T
composite
desirability
D:0.796 6
S /// /
maximum /// /
9,=9.500E6 |- e e B ¥ S
d’=0.70492
- /
- //'/\
P/KN | N i
maximum // \
»,=37.7803 /
d1=0.90030 / P

B 13 man PRI V RIS R

Fig. 13 Optimal parameter combination of response P and V
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A Composite Optimization Method for Anchorage
Parameters of Rammed Earth Sites Based
on Desirability Functions

LU Wei, ZHAO Dong, LI Dongbo, MAO Xiaofei
(X7’ an University of Architecture and Technology, Xi’ an 710055, P.R.China)

Abstract: Aimed at the needs for anchoring engineering in rammed earth sites, a composite
optimization method for anchorage parameters based on desirability functions was proposed.
The main purpose of the method is to obtain a good balance between the maximum anchoring
force and the minimum site damage through optimization of the combination of anchor lengths
and anchor hole diameters. The full factorial design was used in the experiment, and the re-
sponse surface method was applied to build the analysis model. Then the desirability function in
statistics was introduced into the optimization of anchor parameters, and the relationship be-
tween the multi-objective response and the anchoring parameter level was established. The re-
sults show that, when the anchoring force maximization and the site damage minimization goals
are respectively satisfied, there will be a conflict between the corresponding anchoring parame-
ters. The multi-objective response optimization can determine the feasible ranges of the ancho-
ring parameters under the goal of response demand, which is convenient for engineering design-

ers to visualize the anchoring parameters according to the actual engineering conditions.

Key words: rammed earth site; anchorage; desirability function; parameter optimization
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