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Test and Calculation for Crushing Resistance of Gravel with Large Void Ratio
in Permeable Pavement Base
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Abstract: To meet the application requirements of permeable pavement with high permeability, three kinds of
continuous gradations with large void ratios of gravel and gravel with sand are designed, as well as three kinds
of single-grain gradations of gravel. The crushing value of gravel with different gradations are tested. The
corresponding mechanism of the effect of gradation on crushing value and the change in particle size after
crushing are analyzed. The test results show that: The increase in crushing value of saturated gravel is
positively correlated with the content of small-size gravel; 7.1% sand can improve the crush resistance of
gravel; the reduction effect of large-size gravel on the crushing value decreases with the increase of the particle
size. The critical particle size theory and inference on the crushing value are proposed. It is found that if the
gravel with particles is larger than 9.5 mm account for more than 59.6% of the content and the maximum size
of the particles ranges between 19—26.5 mm, the crushing value of the graded gravel with a large void ratio
can be effectively improved. The demarcated particle size hypothesis and concept of equivalent and discount

transformation of gravel content of the crushing value are proposed. Based on the above theory, inferences,
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hypothesis and concept, a set of calculation formulas for crushing values with the average error of 57

examples within 2.4% are designed. The calculation model can be further used to estimate the crushing value

of various material gravel with large void ratio and particle size greater than 2.36 mm which has continuous,

intermittent or single gradation with no characteristics of the single particle size. The calculation model

improves the design efficiency of gradation with large void ratios in the base of permeable pavement.

Key words: sponge city; graded gravel; crushing value; pavement base; calculation model
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Table 1 Passing rate of graded gravel

AN TAD KA (mm) #4938 5 42/ %%

YT g
37.5 31.5 26.5 19 16 13.2 9.5 4.75 2.36 1.18

SU-25% 100.0 90.9 63.7 50.1 41.0 18.3 0.0
SU-30% 100.0 85.5 56.5 42.0 22.7 13.0 0.0
SU-35% 100.0 85.0 70.0 65.0 35.0 10.0 0.0
SH-25% 100.0 86.3 63.3 54.1 40.4 17.4 10.1 0.0
SH-30% 100.0 95.3 62.1 49.8 38.4 14.7 7.1 0.0
SH-35% 100.0 85.9 67.0 62.3 38.7 5.7 2.8 0.0

DA-1 100.0 50.0 0.0

DA-1I 100.0 75.0 50.0 25.0 0.0

DA-II 100.0 50.0 0.0

1.3 KA *

25 (A B TREER IR MR )ITGE42
—2005 H 1 WA 3 56 O i AT, b o B AR
A AT U R . (1) B RE B PR B 3.5 kg
(2)2.36 mm LA F By B & AR B & &

2.36 mm ffi 4% 15 2 5 (3) i 56 0 ik SU 41 F1 SH 44
B AR K TR, 3= K AR PR 24 h, K 77 1R 0 RE T
B 5 em, KB G 7E 70 “CF HL8E 12 h 5 47 8K
Bl (4)SH 4 E#E )5 2.36 mm 7 FL A 8 32 5 & 75
F0BR A0 19 0 6
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Table 2 Test results for crushing value of gravel %

i THRIEEE MOKERE i i (g

SU-25% 20.1 21.2 1.1

SU-30% 18.4 18.9 0.5 0.63
SU-35% 19.5 19.8 0.3

SH-25% 13.6 13.5 —0.1

SH-30% 16.6 15.8 —0.8 —0.37
SH-35% 19.3 19.1 —0.2

DA-1 30.1

DA-1II 19.1

DA-II 17.4

12 SH 4 T8 5 1 7K RS R 6% W7 16 X
P, T2l v i b LT 5 T A W, R b
FELE T B RSB Rk al, gl 1 ) B8 4 5
007K 2 T R D 43 A T AR N R R A B
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B H 5 95~13.2 mm K& IFHIE . FA R AT
S RS i B A LAY AR AR BTG R AR (W SU 4
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X 2 BEAT A3 AT, K B [) 4 B TPk AR K Y
A Ay G b gl /D A6 g T K, H DA 41 3 R KOk
% 4.75~9.5 mm. 19~26.5 mm # 31.5~37.5 mm
JE W Ja 08 /0 A A B S B B (43 51k 26,296
76.4% F95.4% ), W] LLIN R KR AR B A 0% T G
R FE o7 28 00 R A, DL Ih 0 T v 1 i R AR K
WRKLAR S AR L, W R R (E /N s DA A R A,
DA-1I b DA-T ik 11.0%, 1 DA- Xt DA- T {I%
1.7 %, bt 25 A58 A 86 K, R AR XoF (L ) D /N 33
BT AR, 5 T W A e RORLARTE 19~26.5 mm #%
N
2.2.2 JEFALW I 5

W B N 7 4R v RIR PR R /R A9 2.36 mm
DL A0 1 5 R S RS2 ff 40019 9.5 mm DL A
4 5 o 4 ) 5 TR AR R A7 6 B A BT, T2k 3 T .
SUA B R 5 9.5 mm A B R A7 & HH B R 4

26 M 0 & L I E Oy B D 20 (1), R A Z 2k SU
4 SH AR DA 20 AR (ST H 5 45 9 A3 3.
y=—0.092z + 25.532,R*=10.999 (1)
SHH EHEMHEAFAE(D, B S KR&ZE &
JCHH W C & HTE 9.5 mm DL b (0 7 o B B T
(59.6%~61.6% ), H FE# (0 510 & i B A By
B> EWMEIEpF3 IS
y=10.77x — 21.635,2€(0.0,10.0),R* = 0.982(2)
AR (2), 24 9.5 mm LA 0 A7 4H 0l 0 22
s, 4P & B AE 0.0~10.0% 2 8] 4 3
1.0% , JE BB 8/ 0.77 % , 3% AR 5 H L AL,
FIEJEH AR S5 B L85 0 A, A 2R,
W FE R AL A R B0 A B4 B R R BE T 34 38 b O AN
B CH AT FH oA 40 1 20 5 i K S B e W B T 1 AR
1), 3 BCE R EACZ LL 9.5 mm DA EREA & i

£3 EF236mm U THEAEMISmm U LEASENERESTEHE

Table 3 Analysis and calculation of crushing value based on content of gravel with the size smaller than 2. 36 mm and

greater than 9. 5 mm %

%' 2.36 mm L FEM &R 9.5 mm DL B WA & JEREE S fH JEREAE 5 (E PR
SU-25% 59.0 20.1 20.1 0.0
SU-30% 77.3 18.4 18.4 0.0
SU-35% 65.0 19.5 19.5 0.0
SH-25% 10.1 59.6 13.6 20.0 6.4
SH-30% 7.1 61.6 16.6 19.9 3.3
SH-35% 2.8 61.3 19.3 19.9 0.6
DA-1 0.0 30.1 25.5 4.6
DA-II 100.0 19.1 16.3 2.8
DA-II 100.0 17.4 16.3 1.1

DA H i A8 R AR A AT 5 (1), St — 2 iF
T YL X R s B S A R AR AL PR S ), 98 38 AT DG T3
D 5 0T R A s B T e AR AR 5 A A R T
— 0.

3 EREZANESWTETE

3.1 IERKEER
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AT A AT, AN 3 TR o 24 9.5 mm DL LA
8 MO BT S i1 2] 100 % I Ifs 55k A% 98 FBL AL
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JEREAE B i FERLAR B8 (D) RA2 KT 9.5 mm 1)
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RLAR IR AR 5 S (4 38 iy 3 K, IR An B 2(a, b)
DL IE AR W (E 1 I8 0% M 2 B8 2.36 mm, JR AR (H %

W/ 5 (2) B4R /N T 9.5 mm B9 R A TR 6%, i S
PR T 2.36 mm LR, W& 2(c)DA- T B, itk
i B 2 KR AR B (38 0, R R R S 2.36 mm LA
T EURE ) 3G T A B 22 B AR 3% K
(3)RFE%E T 9.5 mm MY 1A R 15, I R4 24
&5 F 2.36 mm,

4.75~9.50 —
S /

B 2.36~4.75 e

2ol

Gl
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& <2.36 o

0.0 59I.0 5;.6 61I.3 61..6 65‘.0 77I,3 IOIO.O
9.5 mmbl EXREE /%
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Fig.3 Comparison of range of critical particle size and con-

tent of gravel with a particle size greater than 9.5 mm
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FEAEAS TR I S T Lo Sl B TR 438 0 TE A P B2
Ui A TR 2 R F S RBE RLAR Y
A B, AR AN TR GRC 9 s A o b e #2303
T iz st SUM S SHA #7080, A
SU-25% (il Ak A2 78 2.36 mm LL R, i H: 9.5 mm
DL bW i o B /N 59.0 %6, R O SHA25%
() 59.6 % , MR 1, SH-25% Y 2.36~4.75 mm ki 4%
WE AL 2.36 mm DL kAR B gk — 5, ALK
15 10 kL 7 0 Bl 2.36~26.5 mm 4 3% 22 9% I Y i AR
o7 B S AE HAE 59.0%~59.6 % =z ], 3% — 5 i
JE LRSS THER M IE B . Tl AR SO %R
A28 BT P ) R 28 B i 2 I 7Kg 9.5 mm A B A
T HIAE 59.6 %0 LA b, AT A S50RE G i R AR
PRAE 2.36 mm DLT #1110 F ARG K 25 R 9 TE 1 /)
A -

3.2 HEERIEIT

R < I S5 25 B8 o K 2 IR T 1 A 1
PR HE AT TR 38, b B3R OB AR ™ Ry A R MR A,
RRRL AR (LA 8 R 43 FERLAR ) B AT 25 42 e
FE IR I R ER(E 0 SR AR R (1) 243 5
BAE K F 9.5 mm, Wb B R R EH o KRR £ F,
9.5 mm L FEREXE e # 1E A9 3 KAE 22 9.5 mm
F143 Bk AR 22 8] B S R0 B AR 6% s /AR FH AT LA
2% AR 22 R A (R G ) F Ak 3 5/ 6 e

R B AR R 5 (2) 2470 FURI AR /N T 9.5 mm, I I 5
B8 9.5 mm LA BRE X A3 A /IR T A B
Sy FORLARFN 9.5 mm 2 [A] {14 H KL X 4 {RL A9 1 R A
F 23 FORLAR LLTT S T A A 48 R AR T LA 22
W T LA HNE T HEE A B, R (D) B
AT

Q=—0.092c + 25.532 (3)
ZD/sz
dbo\mdary: k:lloo >< O77(§Eﬁgi+ﬁz§%%ﬁﬂg
i FL RS HU(ED) (4)
d'max+ d\min
D/;:% (5)
2
X, —X D,>9.5
= 1 2 (6)
—X, D,<<9.5
Zak Dkl‘k
X — bt ’ - ’ )
. 1132 /=max(3,7) (7)
Xy _’_.Z‘z dboundz\ry: 2'36
X2: Lo dboundary:4’75 (8)
_f<1'l’ T2,y ""1.j> dboundary> 95

o Q W EEAE L V0 5 dioundary H 4T FRLAE ,mm; ¢
BT RRARE S B RE Yo, B AP RLAR
PIREAT S, 0 5 e 55 RPSRLAR DX ) PN 1Y B K
BEAE , mm s d g A5 R PRI DX ] N 1Y B /N R AR
mm; D, K5 e PHRLAR X A B YR A, mma, 05
kPRLAS 3 I8 3 B

a.D.x.d W F bR eACRAS R By R AR X ], 44 3%
AR o o i R LA FERLAR dyounanry N B/ INRL
Ao R RE AR DX ] I 7 R4 80, 7 o0 AR R T 0.22d,, 00 HL
FE0.22d e 35 3T 1 07 LR SF 2Ry S5 KORE AR 19 A7 42 X
[i] T 7E 455

F4 a.DMxWTHRELEE
Table 4 Subscript k of a, D and x

R X [E]/mm 2.36~4.75 4.75~9.5 9.5~13.2 13.2~16

di:( 0.22d,y 1)

A nin™ A youndary ~ A next Aietore ™

k 1 2 3 4

n [ J

K (3~8) i F A B A B — R A8 R AE 9 7 A1
S AN B 1 TE A R R T &8 W E B AN YA N
/NT2.36 mm, 3% & R 2 (1) 2 2R FH e A dse K
A% IR 70 b7 A5 118 % A % R AR 1L 1) 52 i 0E 47 1
B3, ST VR T 5 B — R AR R A R R R 5 (2) 4
/T 2.36 mm BYRDAS 23 TR A, 2350 s A0 1 ik 3]
THAER . WEEIY R — GO 78 4R fi ROhE
Bl E—2 1 0.2245% 5 0.22dl o VAT B A7 A I
TN BREL S (21, 20, o, 2,) B R T /NS AT
P18 SR 70 A X R A ) o, (FL O B e ik 5

HARBEWHAE , Y 0.22d,,., DL R A & 8/NT 202
I, f (00, 200y oy ) ) UE AR O b 381

K (D) [ AR R KR 100.0, H %0 231
FLNTF 16.332 By F S fH, AR 52 BKOAR T 0 IR 56 4
BRI KT 13.2 0, JEREE /N T 16.332, A
3 5 2 (7)) 8K T 13.2 mm BB B B AL A
9 9.5~13.2 mm R A2 & &t . W T 0F A RS K,
Xof BT 118 ol /N AR AT, DR Ok A2 5 i B AR ) 5
B LA AT I R AL ae AR HE SU-25% . SU-30% i
SU-35% M R (E , Rl FH X (3~8) ) 3 X, i+ 45
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Table 5 Regression analysis of X, and D x,
G5
SU-25%
SU-30%
SU-35%

D;x, Dz, Dsa; D X
103.285 198.560 476.000 207.025 59.043
219.065 211.700 507.500 329.875 77.522
340.500  73.000 262.500 341.250 65.565

¥ X0 5 Dy, AT W 20 B, AR5 5K (4) 57
F(9) B 22 UL ] U B [ 5 23 A 45 2R 3k 6

s o
a,D,x,+*a-D:xs+ asDsxs
X, — .=
L 11.35 (9)

x6 MBRYMSTEMERAER

Table 6 Multiple linear regression results of reduction

Xt oa, AT B IE L 24 9.5~13.2 mm Al 13.2~
16 mm PR A, WG HERAE S’ N, &
KO X BT REX (2). AKX A
X, () 0 B8 38 BB B, a, KT 0.777, M3 4 32 Bk
SRV B 50 25 R R a, B {E K 0.827,

kA KR 2 O a FATIEIE
(14.6a, — 11.35) x + 11.35

11.35

T3 7 b Y 08 B DG (E R IX ] SF- 34 R
B HEAT WLE 4307, 256 25 SR AU GO0 B S B A 2
(W7 F7E (9.5, + o) BB, H s EE X T
0), SEhr AT R Fe X (1) &, o 45 I A %
7S TR B B, O TR X (12)
A (13) 358 100 1 KOk 12 42 0 1Y 55 L i N, 5 R
REALR Ee AT LU W B4R 55 A0 200K Bl b 12

X (x)= (10)

coefficients b NI WA NS B W o o S g
Aedm ik R B A A E =10.634D;, """, R* = 0.99: =
e 4‘.:. WA ?unguf; a,=10.634D; """ ,R*=0.993 £=3 (11)
B PRI IR 25 R o arD, ~
o 0791 5 0982 N, = 1135 X 100 k=3 (12)
a; 0.665 0 0.996 1 N,— N,_,
— -l >
as 0.517 0 0.952 E D,— D, , k=4 (13)
x7 HNEFUHEXSH(EBS)
Table 7 Parameters related to the conversion of gravel content (part)
3] f /é g P
T RLAR X [H] /mm
9.5~13.2 13.2~16 16~19 19~26.5
X [6] - Y567 42 D,/ mm 11.350 14.600 17.500 22.750
P R 8 o, (R IR ) 1.000 0.827 0.665 0.517
P 28 o, (G 3RAE) 1.020(H2 1.000) 0.800 0.672 0.521
KR A& N, 102.000( H 100.000) 102.907 103.612 104.430
PR EALSR E, 0.279 0.243 0.156

3.3 AKXK#&

U (3~8, 11) % SUZH DA 4 K 5 fk 51
N2 g e (14 3 50 i A (AR A T T SRS A%, a3 8
FOPIIR o BRKAR B9 A1 K T A R 2% 168 e 1) 4K
A R T BRSO 30 22 43 i R 1.8 %6 A
2.4 % (1 F W RRAE U0 045 A0 B0RE IR 45 I &
SO, AR BRI RE A 0 5 R A Y 06 R IT R B
U MO A A TR R T A R AT B ),
A R IR o B 0~25% =22 1] B R A3 A1 A7 7
0~2.9% My 22", D 3 45 S oA — 5 A
JE o 6B A WA TR T A 2 SR R 25 K, X S
8 53 L5 dyounaery F BB AE 7 A 25 (AN TAE 17 .18
F19%5) , S IE 8 5 9% e 11 3153 1 A 25 5 Kt 2 [+
FER IR o B, 30 (4) i R 8 0.77 38 T i — 25
& IE , UM N 2% 5 R 2 e ROk A% 31 1] 5
ZHMHE,

*8 SUA.DAAEBEREERITEK#Z

Table 8 Calculation and check for test results of group

SU and group DA %

s FERRE IR 45 5 R (a5 45 2
SU-25% 20.1 19.9 0.2
SU-30% 18.4 18.2 0.2
SU-35% 19.5 194 0.1
DA- [ 30.1 30.1 0.0
DA-1I 19.1 18.4 0.7
DA-II 17.4 15.8 1.6

2% e g 3 o X 36 9 R KL 16~51 HEFT 43 HT
KIL9.5 mm LA KR KT 45.0% B, AR (A
AR E 27.0%~29.0%, B1 9.5 mm P _FRIAR S
3 7 55.0% DL HACH 9.5 mm PR kAR
B I GRC B A R E S R R A R e
KAEJRIF Ut — 40 Hr o A3 WA E] T MG
SEIFERT AR TR A A R
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Table 9 Calculation and check for test results in Ref. [12] with limestone and Ref. [9] with granite %
NGRS { " NEERE i .
- TI—J:;L%;HE?)B’J R s las Tﬂgfiéﬁ?)m T Wi -,
26.5 19 16 13.2 9.5 4.75 Ak 5 19 16 13.2 9.5 4.75 Wk %
1 25.0 75.0 16.5 16.3 0.2 27 48.8 3.3 158 32.1 17.5 19.1 1.6
2 50.0 50.0 15.8 16.2 0.4 28 31.6 27.2 109 304 165 189 24
3 75.0 25.0 15.3 16.1 0.8 29 9.0 56.3 6.1 287 17.7 188 1.1
4 5.0 30.0 65.0 25.8 28.3 2.5 30 54.5 17.0 14 27.1 15.3 18.6 3.3
5 15.0 30.0 55.0 24.6 214 3.2 31 6.7 11.9 55.8 25.6 19.1 18.6 0.5
6 25.0 30.0 45.0 22.9 20.4 2.5 32 325 04 43.0 24.1 16.9 184 1.5
7 35.0 30.0 35.0 22.2 19.5 2.7 33 254 17.8 34.1 227 179 183 0.4
8 5.0 40.0 55.0 24.3 26.4 2.1 34 9.8 423 26.6 21.3 183 181 0.2
9 15.0 40.0 45.0 23.8 20.4 3.4 35 48.8 11.3 20.0 20.0 16.2 18.0 1.8
10 25.0 40.0 35.0 23.1 19.5 3.6 36 27.8 39.6 13.9 187 16.6 17.9 1.3
11 5.0 50.0 45.0 24.2 20.5 3.7 37 0.9 735 81 175 174 17.7 0.3
12 15.0 50.0 35.0 22.6 19.5 3.1 38 51.7 294 27 162 16.2 19.1 2.9
13 450 9.0 7.0 1.0 38.0 21.9 19.7 2.2 39 3.9 12,5 685 15.1 18.8 17.7 1.1
14 27.0 16.0 7.0 33.0 17.0 23.4 20.8 2.6 40 29.9 4.8 514 139 17.9 175 0.4
15 1.0 10.0 17.0 34.0 38.0 22.5 19.7 2.8 41 21.6 25.1 404 128 184 174 1.0
16 3.5 12.8 17.2 66.5 27.7 28.5 0.8 42 3.5 53.1 316 11.7 16.9 17.3 04
17 20.0 3.9 15.8 60.3 28.7 21.8 6.9 43 45.0 20.5 23.8 10.7 16.3 17.1 0.8
18 13.6 17.4 13.4 55.6 28.9 21.4 7.5 44 21.1 524 0.2 97 17.2 17.0 0.2
19 1.4 364 10.5 51.7 28.8 21.0 7.8 45 740 7.1 0.1 8.6 15,5 17.7 2.2
20 29.4 15.0 7.3 484 28.7 20.6 8.1 46 45.2 43.0 41 7.7 15.3 17.5 2.2
21 13.3 374 3.9 454 26.8 20.4 6.4 47 1.2 9.3 829 6.7 18.8 16.9 1.9
22 50.5 6.4 0.4 428 16.3 20.1 3.8 48 25.8 9.2 59.3 5.7 16.9 16.8 0.1
23 8.6 9.0 42.0 40.3 19.9 20.0 0.1 49 16.5 32.3 46.4 4.8 20.0 16.6 34
24 2.5 26.1 334 38.1 18.8 19.8 1.0 50 57.6 2.2 36.3 3.9 22.5 16.9 5.6
25 26.5 10.7 26.8 36.0 17.8 19.5 1.7 51 39.1 304 27.6 3.0 20.3 16.4 3.9
26 14.0 30.9 21.1 34.0 18.2 19.3 1.1
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