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Experimental study on coral reef sand as hydraulic filling materials for
foundation and its vibroflotation compaction

QIU Wei-jian', YANG He-ping', HE Ying-xi’, YU Dong-hua’
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Abstract: As a special foundation filling material, the coral reef sand has many basic characteristics, such as loose structure,
difficult compaction and low bearing capacity, while the practical engineering application is rarely reported up to now. Based
on the Saudi Jeddah RSGT wharf construction project, the mineral composition, basic physical and mechanical properties of the
red sea coral reef are studied, and the feasibility of the coral reef sand as the hydraulic filling materials for foundation is
analyzed. Furthermore, the method of vibroflotation to reinforce the coral reef sand is adopted. Through the comparison of CPT
testing results before and after vibroflotation and the settlement calculation on the related foundation using the measured SPT
data after vibroflotation, it is approved that the coral reef sand is a new kind of good filling materials for engineering. The
reinforced effect is remarkable with the excellence of environmental protection and economy when it is used as filling materials
for foundation after vibroflotation, which is especially suitable for the mass distribution of coral reef in the coastal areas of
reclamation for port construction projects.
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1 PRI B o B E AR5
1.1 EEZRMG

BB O R AR IS P KSR R B R S o
JFAERRAEMR, RIS T AR S, B2
JR Iy NSO R T A, BE AR 3~5, 2L
JRf /& CaCOs (F5 ik 90%~97%), # LR JEHKIR
bl . 1 e B A R A A R
I FEB A A 20 A BGHE 7K 51 77 18 HER R AR AR i
giit, MW BT RERRARA, ITCH S 2594,
EAAH—rhERRED
1.2 BEAYIRNZFSUFRFYT

T S AN 7] 3t DX 0 380 AR D BRI BT AR RS AN IR,
CaCOs & . HEMILBILARAZER (WK D.

® 1 TR XM AR RIS L

Table 1 Comparison of physical characteristics of coral reef sand

in different regions

RSGT fifh Sk /K I (U it 4 2 i B g
Kt AR TTR, RAEM TS, BiEE A
BURH, $ERRE AN AR 70 R AR IS, B
MIRFEAE B R bR IR 2.

2 PREARERAEH EERIBRIITIE A

KGR ITZ BT RE RS BB 74 . o8
BB AR L ARG, SR A A i e TR
YEBT . 1ZRMRLE SR A KD L, WEEBR N 33° ~
42° , TCEERTD, JrEtEmEORTRE. B 1 ONHER
NI, RYIRE C, N 12.6~65.1, HRRZHK
Cc N 0.25~0.72, NREARW.
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1 SREARERD BRI AT S 2k
Fig. 1 Test curves of coral reef sand particles

AT H b A2 VA R AR L [ bR TR, AT
R R BB AR TARRAT ML bR, o Sk H 56
MRS RE YA ARE (ASTMD 0 & B R b
MRS, Bzl T 12 AR e it Sk,
RIPIHRI AN E AR, B2 RN 1 SRS
Sehgk. R 31, BR6, 10 SHEAN, BRI
KF-25 BT 2.24 g/em’ LA L.

iy CCOFR BRER A ol
/% /(g em™) 30 = 220l
D 7K 2t 96.7 2.73~2.80  0.75~1.26 izﬁ_
PUybEEE 93~96  2.75~2.83 — 3 210}
B IR 2L, 92.5 2.72 1.62~1.98 2051
ENETEPN G 75 2.80 0.75~1.07 200l oo
WRFIEPE I RREZE 94 2.72 1.22~1.92 K 1%
WURHIE AR/ KRFGZE 88 2.73 0.54~1.01 E 2 it | g
2 [H % Bk 92 2.80 1.00~2.97 Fig. 2 Compaction curves of sample 1
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Table 2 Basic properties of coral reef stone and sand
R e B /(kg'm)  WUKE/%  CaCOs&8/%  NaCl 58/% PR 58 % /MPa 1 R
WHEES  2.40~2.55  1050~1150  3.0~4.5 90~97 0.05~0.16 63.0~75.6 —
WEATERY  1.86~1.94  983~1028  2.1~3.3 92~96 0.03~0.63 72.8~83.2 1.42~4.68
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Table 3 Summary of compaction test results
ARG 1 2 3 4 5 6 7 8 9 10 11 12
BAFHE/(kgm?®) 2260 2252 2264 2261 2276 1880 2274 2240 2241 1.740 2240 2273
BB IR Y% 6.8 7.4 7.9 6.9 8.0 8.0 7.0 7.5 8.0 7.8 8.5 6.5
#F 4 CBRIAIELERILR

Table 4 Summary of CBR test results

RS CBR/% | %5 CBR/% | 45 CBR/% | %5 CBR/% | %5 CBR/% | 445 CBR/%
Cl1 37.8 C8 61.2 Cl15 70.1 Cc22 62.4 C29 41.4 C36 58.7
C2 63.0 C9 38.7 Cl6 49.6 C23 59.0 C30 37.3 C37 59.8
C3 61.7 C10 48.3 C17 63.2 C24 473 C31 57.9 38 68.3
Cc4 44.0 Cl11 59.5 C18 53.0 C25 44.8 C32 38.0 C39 475
Cs 35.6 C12 60.1 C19 56.7 C26 55.7 33 40.3 C40 54.7
C6 49.2 Cl13 44.9 C20 36.3 C27 60.7 C34 40.0 C41 40.7
C7 36.4 Cl4 35.1 C21 51.6 C28 58.9 35 59.9 C42 55.6

=5 hETYIE HZIERR
Table 5 Physical and mechanical indices of foundation soils
KR KR ik =T I
% BRI wkk TEE  ake T HED PEEA
%  Ngrem®) /% (grem’®)

WOEHM RS BRI R R . M. BRAIE A 12~38  1.57~1.82 6.5~8.0 1.740~2.276 0 33~42
X WEN AR XA, BN . R

WEAREZ (D } - 12~35 1.62~1.91 9.4~10.9 1.921~2.005 0 36~40

AR EY

Wit E (20 MEIREROALY, T MR 7 B “BE” 15~40 1.380~2.10 5 28~36

AR EEONRE L, Bk AR 24~68 1.00~1.20 2~5 22~27

I H A R ESR, A P CBR I AT 2 [F +
ARITAERsE BS 13777, SLkH 42 MRPE5EK CBR
&, R 4 45BN g R . AR, RSGT
R SRR A /N CBR B A 35.1%, 5840 /L T H B
FE X B B2 4R FE 1) i 2R (CBR K F
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Fig. 3 Typical geological sections
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Table 6 Foundation acceptance criteria (settlement control)

i ] /a 5 25 50
PR FE AR /mm 25 75 150
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Fig. 4 Comparison of CPT results (general region of CPT-1 point)
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oo 0.5 m.

T (3) ek fR M ORI T T3 MU T 1R
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2o T S 20~25's, FSEHUAEHICE 11~130 A CHLIE R X IR 2
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Fig. 6 Standard penetration test results (SPT-A point)
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Fig. 7 Standard penetration test results (SPT-B point)
R 7 FOBBIEARR SPT &R 3EL

Table 7 Comparison of SPT results before and after vibroflotation

RE et SPT (0

/m  SPT-A¥RAEI SPT-A#&/5 SPT-BiFfl SPT-BIR/E
1.5 6 31 5 32
3.0 7 45 7 33
45 6 24 7 20
6.0 8 23 8 21
75 9 24 9 29
9.0 10 20 11 18
10.5 11 18 9 17
12.0 9 16 10 18
13.5 7 12 11 17
15.0 10 13 8 13
16.5 12 13 9 14
18.0 9 15 10 15
19.5 10 14 9 13

DRI Asr il A 22, R A R DX e A T 2 X
Bk —ENE AL (CPT-1 M1 CPT-2) fdRMRT. J&
B S b AR A, I A TR R = A A O A
CPT-1 MR B IR N 20 m, CPT-2 HIIRFE 12.3 m,
g R K 4, 5.

(2) PMARGE R bt

SNTEE 4, 5 AT, AR R E 2 X S
JREAA B . RIRWCERERD B HL, S50 10 m
KW T2 CPT &4 il AL &g 2k, 0 ZAR T
B, VA ARIAE 122 TR UK. RpinfEl s, &
FUX IR 10~16 m N, /= CPT i BH~F2{E B JE A
/& 3 MPa $#& % 10 MPa, #4JZ1% 25 MPa L E; 1%L
ERXIR 7~9 m¥GHE N, -2 CPT HME 5z A
IEARBIPRACERJESE 14 MPa, K 9~12 m JEHA,
CPT ¥ME X 12 MPa. 255 00T, #&iH R EAR S
H0hn 3] (1) RO B 3AE B VETH R . AbH S [R]E
MERD Dk~ S0RAS, 7850 Ul B I RHIR 2 A 22
WRIEAERD S ) S AT AT o

5 HrAEbESTE ST
5.1 MhEILUFRE

ST AT H WCSERE RS T RE 4 K R o [ sk
BrRafc R, $ Ak i I AS I B R A o

(D BEIZXE: fr5E N>10 5 JERTIRE
Xk N>15d; T/RUiF<75 mm.

(2) & LR ER: ARBE N>7.5 o

(3) Wk §5 92 X/ EbR T 7.5 di<n<10 i,
2 il SE T I TRV <75 mm.
5.2 mESHITERE

KEZHIHHT, TR R LR, it
TEAE S 411495 (Schmertmann’s method) U2HE%H
TEA T AR B R P I R R, R
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Fig. 8 Foundation settlement model
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5.3 MESIHELSR
FIFERIATIH SPT kel i, T{Xsit 3
RN SRR I EE (3R 8~10),
* 8 MRRAMEIE (RIREXE SPT-1 =4D)
Table 8 Standard penetration test data (soft interlayer SPT-1 point)

At RRBRS B4 O aE Bt

A2 F /m /m L /m i
Hraneb 1.50 1.95 17 270 10
R 2.50 2.95 27 1.70 10
BV EN T 3.50 3.95 31 0.70 10
it 4.50 4.95 9 -0.30 10
WA 6.00 6.45 33 -1.80 10

® 9 MRENEE (RIEEREXE SPT-2 R{iD)
Table 9 Standard penetration test data (soft interlayer SPT-2

point)
At mEELA FR%s i &R Wit
s /m /m 1 /m i
R 1.50 1.95 15 2.58 10
bR 2.50 2.95 16 1.58 10
¥t 3.50 3.95 16 058 10
ot 4.50 4.95 8 042 10
HHA 6.00 6.45 29 -1.92 10

R0 RERAMBHE (JEERESRERXE SPT-6 R {iD)
Table 10 Standard penetration test data (non-soft soil SPT-6 point)

At MBS fRR%s O &R Bt

AR /m /m # /m T
HHRp 1.50 1.95 21 2.84 15
HHRp 2.50 2.95 19 1.84 15
HofH b 3.50 3.95 31 084 15
Yiiwp 4.50 4.95 17 -0.16 15
FHAS 6.00 6.45 34 -1.66 15

S SPT-1. SPT-2. SPT-6 = fif7iydi ¥k i &%
TR EE, BN Q) #EATUIREA,
KRG RA T U458 18.5, 19.6 F118.1 mm,
W R ISR (<75 mm) . IEANEE S A1 4 MR
R AT b, ORI RS R 11,
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Table 11 Summary of settlement calculation Research  progress in the engineering geological
X 45 R AL g LA UTHE 5 /mm characteristics of coral reef[J]. Tropical Geography, 2016,
21123 132 36(1): 87 - 93. (in Chinese))
BIIH R X I SPT-3 18.8 [4] VE F&, REAS, BOSEE, 55 FVDRE L M AR R M
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Tt Ty 2 X 18 ggig ig; Chao-jing, ZHAO Huan-ting, e al. Spratly Islands coral reef
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