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Setting Method of Rigid Layer Depth Based on
Consistency of Subgrade Modulus

ZANG Guoshuai, SUN Lijun

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: In order to reasonably set the rigid layer depth in
pavement structure and improve the rationality of back-
calculated modulus, the full-scale test track was used to
measure the layer-by-layer deflection basins at each structural
layer of pavement using falling weight deflectometer (FWD),
the influences of rigid layer depth and stress level on the
layer-by-layer back-calculation modulus of subgrade were
analyzed, and a setting method for the rigid layer depth based
on the consistency of subgrade modulus was developed. The
results of the case study show that, compared with the stress
level, the effect of the rigid layer depth on the subgrade back-
calculated modulus is significant. The relationship between
the setting depth of the rigid layer and the pavement
equivalent thickness is exponential. The comparison with
other setting method of rigid layer depth show that the
method developed in this paper can significantly improve the
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consistency of the layer-by-layer back-calculated modulus of
subgrade and drastically reduce the coefficient of variation

from more than 13% to 6.9%.

Key words: asphalt pavement; modulus back-calculation;

rigid layer; subgrade modulus
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1 BEEHNAVERE

Jt.3T RIOHTRACK & R B R A IR T
LR BT (STR) , ISR B (E A nsk 1
F7R. 22 1 A (¥ B 10 2544 BT e B B 4 AR R] (R
Il B 3 R SR R 2 A U IR AR X F £
FEARAY, STRI9 AKRXF H A TALIR o 00 oAtk 25 171 5 44
BI0F BT T K UERR AL IE A VR R 20 cm,
e AT HKERIEN 9. 5%.

KBNS T RIETERS AN, §EEL
FINTE 7S DT ARSI, 4R 5 B — 2 B T
SME  FEM RO E B R RS AR T a8
T BB R SRR T R AT K T B 4
FEALIER S5 U B, far Bk P43 512k 30,50
70 kN. ZEAS I HAY 2 07 B DT AL BRI, fr 3k
SEHh 50 kN, FWD L4 9 My A5 EES, L 30 cm
SRR 437 » AR I R B 4351 R 0.30.60,90,120,150,
180,210,240 cm.

*1 BEALMEEEERIERAKRE
Tab. 1 Layer thicknesses and subgrade surface modulus
of different pavement structures

BEHS WEEE/m ZERREE/m fHERWRE/ MPa
STR2 12 40 127
STR4 12 44 126
STRé 16 10 123
STR7 18 38 148
STR8 18 38 138
STR9 18 38 156

STRI11 28 40 127
STR13 24 40 129
STRI14 24 10 135
STRI16 36 20 141
STR19 48 20 109
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B R R — R, W E LD
AR VTR iR 2 /N B AR R (LN (D) SR A AR
B ATRAED S, Ak R BUGE k Bk
. B AR A 2 T e Y B I AR R E A eR A
FORMZ R RN AT BB EA R £ R e/ ME.

min E = «/i} (DmiD__D°i>2/n ¢h)
K E NBUEICE R ZE; Do NI R EWE ¢ 4

FEBS AL B SEPRAR I &S L5 Do A BRI AEHIER < R
b F IR BB T n IR BES S

KL HE 3R 25 (PSO) IR T X 5 #f 4 & AT 8 BF
g8, R—Ah B F E RN AL TR R F AR
B REE AR R F AT R, BEMBENA m R,
B i MRLF R EFEE 58 X M V. BIEET R
1k, BT B e WA D SR AE R Py, PR 52
RN P WAL B AR EE (OGO EFHEC
M S hE.

X, =X,+V, (2)

Vi=Vi+anP —X) +oarP,—X) 3
R :i=1,2,smser T o 500085 H 8 FRDHE R
FAREFLBUEHEGn My, L0, TIREEPLEL

BRI TR (SA) & — M BEHL S 053 15, SR
Metropolis fEHEN , # FR — s R4 32 A% A
A AR T Lk 5 A R TR B e Ag 1 JE) RS Rk
AR MR T B2k B Boltzman-Gibbs 4347 , 15X
() Fi7n. SA BRI LIA BBy 1k b AR B el (2
TR, FERH 5 M 5, PSO FIE BB PR
BB AR, (25 b A JR 3 e At T i 550 Bk b
Dong 85304 —F g5 8k, iy T — R B TR
1B K HR FHE B (SA-PSO) L % B B R BER) 1R B A
TR BB T AR,

P = exp(— AFf/Ty) €]
Af = (X)) — fP) 5
T, = Toak (6)

K P AR RIS (XD (P 4350
R 1 B N (RN S DB WAE s T R To 433
% R R ENEEE FIR AT E 5o HIR KE S

RIEM W SA-PSO FvA N H T E B, of
9% T BB BB E A X R 45 S W, B
ET /NS EEBUE. RIELSERH, SAPSO
BTSSR ROE 3 BEWK RS ZEE,
BAERT 2524 2 min. Bk, 4 3CR F SA-PSO B
AT E R .

BRI, BESWAHEAZRZLZ 3R B
BB RZER SRS 1R, raKERERaZ
R4 AR5 2 B HREMER R 3 2. WIERETR
B £ FE T00 1 2 M2 B S, M 2 B BUE N
6 894 MPa, ALK 0. 284,

2.1.2 HEEBERESER

T HALE BT S5 AR AN W], DL BE T 45 4
STR13 A1 STR19 il 4330 3 ab i Rk 4bih +
THREMBERESER. STR13 HES N 3 2. EES
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Fig. 1 Influence of rigid layer depth on subgrade
back-calculation modulus
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L F+, STRI3.STR19 fy b B 7 168 B8 0 4952 i 1 K
AV TOFE A3 H 2 138~222 MPa #1 119~222 MPa,
HEHIE 43 EL A9 R 60%6.87 % s X F UL gk , STR13,
STRI19 Y+ A& 57 3 15 1 AR AL T 3 53] O 162~273
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Fig. 2 Boxplot of relative deviation of subgrade
surface modulus
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Fig. 3 Pavement equivalent thickness versus rigid layer
depth
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HERE Hga=a. ’/%'ka 18 1 XA [E] 3 X+ F
TR T A AT S 34T - 91 5 R R AR B I i
BEAT T EL , BT 4 FE T 1A 25 UL A ) R B R B
9 550 cm. HA2E 3 WP R R EdR5 550 cm
R, A1 5.0 m™ 5.4 m™® 6.1 m™. FHk, A
2 a BUHE 550 cm, RTS8 6 #1104k
ZH b 5 Co R R ML AE 5 Fron. E 5 8]
DIEH IR AELERR/IME, 2 6= —0. 011 30 A s Cos
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# 2 Jy STRI3 I STR19 73 52% FRI = TR
TREOR B B RS ULA R DR T AR K
H1, STR19 WJZ 2 FlJ=E 4 FEAERLE A 204 5 B it ik
HFEAE, IFARAERTINH. WK 2 TR RA
PR D ERMR RIS, T RZEE R EAER
A R4 —Ek.

*2 ZEIEREEE
Tab. 2 Layer-by-layer back-calculated modulus

of subgrade
STR13 STR19
R L
Al 246 117 71.3 Al 242 111 72.7
A2 259 126 66. 3 A3 308 119 51.0
A3 287 124 57,3 A5 362 114 37.4
B1 289 124 57.2 B1 434 107 21.0

B2 391 115 30. 2

4 EBI3EUE

4.1 TREFEKEN

FE LN ZRAG FE Rt i T B IR A T R 2 L A B
KA, WL 3. B w1 0z w3 ~ 04 w5 w5 w7 ~ws ~ws T
) BB S F 0 & 0, 203, 305, 457, 610, 914,
1219.1 524.1 829 mm Ak P75 YT, FERE S I A, Kf
BmELEMTE 3 2 B3 ka2 I EE.
KRR WA 2 BEAT B0 BURE , #EAT sh A5 5T e [ 3
IR RN 20 Hz, fiF B h 20~90 kN, 15 5|
HIZhASHE R 20 227 ~21 810 MPa, H It K fa ik
LR R RIETEFEIRE R 1 500~22 000 MPa, iF
2% 1 000~10 000 MPa, + 32k 30~500 MPa.

=3 BRELMEREMZRETREHE
Tab. 3 Pavement structure layer thicknesses and layer-by-layer deflection basins
Bt N EE/em FUL/pm
wl w? w3 w4 ws w6 w7 wg w9
1 SMA-13 4 70. 3 45,1 38.5 34. 9 32.4 28.0 25.7 22.4 19.8
2 AC-20 6 122. 6 60. 6 48,0 43. 8 40, 7 35,0 31.5 26,7 23.4
3 AC-25 8 103.7 72,6 62.9 56. 2 50.4 41,9 36.5 30.1 26,6
4 LSPM-30 13 114.2 81.2 70.9 62.7 56.2 44,8 38.4 31.2 26.5
5 KEGHEA 34 92.1 77.2 70. 5 64.2 58.5 49.6 42.3 34.9 30. 4

4.2 ITEEEERRERE

352K R RE QBT8R A SCHRE L ) B 1T 45
RORE J8E W 7 72 4% J2 25 DL A0 o B MR 2 TR 3
HARER TR ZE DR ER RN TR, 4R

e 4 P, EAEEMRITE R R E Y 550 cm,
DUBC BRI R IR BE T B 45 RN 900 em.

HIZ% 4 TR0, X T ik al VL o ¥k , 2 R A
el Rl VA S TS PN 2R
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S5EEESILEEM L, B EREREER S T BERR T L EREEE AR, S T LR
FREREZ R RZBON 12. 9% L L FFER 6. 9%,

P B, R T R RO B A

x4 REREERERLHMEREER
Tab. 4 Setting depths of rigid layer and structural layer back-calculation modulus
B TR R B FE(EY: R
=4 0A Higa/  He/ Eo/ Ei/ E:/  Hsgd/  Eo/ E/ Ey/  Higs/  Eof Ei/ Ey/
cm cm MPa MPa MPa cm MPa MPa MPa cm MPa MPa MPa
1 255 68. 2 172 22 000 5486 550 283 22 000 4 910 900 336 22 000 4 676
2 295 55.3 186 22000 2099 550 259 22 000 1963 900 300 22 000 1901
3 317 48,7 158 19 819 2 823 550 220 14 405 2 985 900 260 11 168 3128
4 367 35,7 181 17 063 2086 550 223 13990 2198 900 261 11 236 2 358
5 333 44, 2 157 22 000 550 198 22 000 900 231 20 419
BRENK — —  6.9% @ — — —  12.9%  — — —  131% — —
Institute, 1991.
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