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Behaviors of shaft resistance and tip resistance of piles under different conditions
and conceptualization and application of distribution of shaft resistance

LIU Jin-li, QIU Ren-dong, QIU Ming-bing, GAO Wen-sheng
(Institute of Foundation Engineering, China Academy of Building Research, Beijing 100013, China)

Abstract: According to the analysis of the results of the vertical static load tests on shaft resistance and tip resistance of 51 piles
in 24 groups, the soil properties and vertical distribution, ratio of length to diameter of piles and post-grouting effect are the
main factors affecting the characteristics and distribution of the shaft resistance. In soft soils, the shaft resistance of piles plays a
normal function, and its distribution pattern is not affected by the ratio of length to diameter. In gravel and sand, the shaft
resistance below ground about 5d depth exhibits strain softening and gradually evolves into strain hardening, which leads to the
result that it lags or decreases significantly with the increasing depth. The harder the soils, or the larger the ratio of length to
diameter, the more obvious the dissimilation of distribution pattern of the shaft resistance. The effect of post-grouting
reinforcement on the shaft resistance of piles in the gravel and sand is far higher than that in other soils. The distribution modes
of shaft resistance under working loads can be conceptualized into six types: trapezoid shape, inverted trapezoid shape, olive
shape, lantern shape, garlic shape, peak and valley shape. The tip resistance ratio decreases with the increasing shaft resistance
and the increasing ratio of length to diameter, and it increases nonlinearly with the increasing head loads. The values of the tip
resistance ratio under working loads are given. Each conceptual mode for the shaft resistance is decomposed into rectangular
and triangular distribution units associated with the pile length / and 4/. Then the additional stress coefficient of Mindlin
solution for settlement can be determined according to the above results. The calculated results show that except regular
trapezoid shape and garlic shape distributions of shaft resistance, the integral value of the additional stress using the Geddes
mode is about 15%~74% larger than that of the conceptualization shape. The higher the center of gravity of the shaft resistance,
the greater the differences between the Geddes mode and the measured.
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Fig. 1 Conceptualized mode of shaft resistance along pile
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Fig. 2 Distribution curves of shaft resistance and tip resistance

ratio using static load tests on piles in Beijing
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Fig. 4 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on piles in Shanghai
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Fig. 5 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on pile in Beijing
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Fig. 6 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on piles in Shanghai
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and pile top settlement using static load tests on piles in Tianjin
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Fig. 14 Distribution curves of shaft resistance and pile top

settlement using static load tests on piles at loess field in Xi'an
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and pile top settlement using static load tests on piles in Beijing
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Fig. 16 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on piles in Beijing
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Fig. 17 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on piles in Shenyang
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Fig. 18 Distribution curves of shaft resistance, tip resistance ratio

and pile top settlement using static load tests on piles in Zhanjiang
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and pile top settlement using static load tests on piles in Guangxi
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Fig. 21 Distribution curves of shaft resistance, tip resistance ratio
and pile top settlement using static load tests on piles in Shanghai
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4.2 ZEMBESHEAER S5 Geddes EHF IR
EITERIM IR 51 bR
XF 6 Ff (I BEL 73 A MR A ASE 5 A— 3R B0 S ZE 48 %
F LENEAE R ) Mindlin AR ILHIIEF NN ), I
Y& Geddes 1EBHJE 23 A B V1545 AH AT [ Hb LB
IV 7o A R At LR 10d 3 BV BBl R B i
BEL=ZE (OB IS 70 20 R B e T BRI S AR

ZARIEREIE YT e VS N N S T A R N
B AL AR M LUK Geddes 1EAR TR
TP ATBGE SEBs Y PR AR . diE 27 Bt 6
T ALY Geddes 1 BH 73 AT EE TR N g
B fE B AT £ 20 N A,

MIBA AR AL R
|:] GeddesIEBETE -7 fig

129%

174%

137%

115%
100%

100%
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100% 100% 100% 100% 9 0%100%

N\

ERE  BRE BT O%ER &kE &sE
(E2(a)) (Eg(a)) (&9 (E17) (E24 (b)) (E25(a))

& 27 STMIFR LR S Geddes IE#5 M PE R B 4E
Mindlin A0S 1 #2 43MB LB
Fig. 27 Comparison of integral values of Mindlin additional stress
between Geddes' mode and authors’ mode
2SI 00 BEL A P 3G B ) e 58 R 2 g
WIERRIMIE Y Geddes IR 70 A B E AR FUAL, BRIEAR
B wi RIEMAL 2341, i Geddes 1B TE 73 A E 1Y
THAEAEN K 15%~74%. HIEAAZE . SR
o A B EEE S EAR, L AR BRI g )
Y5 Geddes 1EBRABRE VSO BTN ) 1) 2 S 0K
S BEAEAL 73 A B @ EE T, B @R,
SRS TEMEAL 2 A (BN T e Geddes 1EARTEAR
SETHEAE KL 10%.

F 3 . ERAMME. E=/ASHMEMMNE DR K, K K (D (/d=20)

Table 3 Values of additional stress coefficient of tip resistance and different shaft resistance distribution types of piles (//d=20)

hid K, K Ky
pld 0 3 4 5 0 3 4 5 0 3 4 5
0 0.4999 0.0002 0.0002 0.0002 0.8826 0.1080 0.0851 0.0697 1.5350 0.1174 0.0858  0.0662
1 0.1218  0.0005 0.0003 0.0003 0.5305 0.1069 0.0844 0.0692 0.9020 0.1230 0.0898  0.0690
2 0.0371  0.0012 0.0006 0.0004 0.2991 0.1038 0.0829 0.0683 0.4758 0.1244 0.0922 0.0712
3 0.0172  0.0018 0.0010 0.0006 0.2032  0.0981 0.0800 0.0667 0.3056 0.1204 0.0918 0.0722
4 0.0099 0.0021 0.0012  0.0008 0.1525 0.0905 0.0758 0.0643 0.2192 0.1120 0.0888 0.0714
5 0.0064 0.0021 0.0014 0.0009 0.1214 0.0823 0.0709 0.0612 0.1680 0.1018 0.0838  0.0692
6 0.0045  0.0020 0.0014 0.0010 0.1003 0.0744 0.0657 0.0577 0.1346 0.0916 0.0778  0.0658
8 0.0026  0.0016 0.0013 0.0010 0.0737 0.0609 0.0557 0.0505 0.0940 0.0736 0.0656  0.0580
10 0.0017 0.0012 0.0011  0.0009 0.0576 0.0504 0.0472 0.0438 0.0708 0.0598 0.0550 0.0500
12 0.0012  0.0010 0.0009 0.0008 0.0468 0.0424 0.0403 0.0380 0.0558 0.0494 0.0464 0.0432
14 0.0009  0.0008 0.0007 0.0006 0.0391 0.0362 0.0348 0.0332 0.0456 0.0416 0.0396 0.0372
16 0.0007  0.0006 0.0006 0.0006 0.0333 0.0313 0.0303 0.0291 0.0382 0.0354 0.0340 0.0324
18 0.0006  0.0005 0.0005 0.0005 0.0288 0.0274 0.0266 0.0258 0.0326  0.0306 0.0296  0.0286
20 0.0005 0.0004 0.0004 0.0004 0.0252 0.0242 0.0236 0.0230 0.0282  0.0268 0.0260  0.0252
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