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Development of Design Method of Compression(SSC) Anchor
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Abstract

For the design of compression anchor, three things should be considered. The first is a resistance
force by skin friction, the second is a tension strength of tendon, and the third is a compressive
strength of grout. Especially, compressive strength of grout is the most important design parameter
of compression anchor. When compression anchor is pulled out from the ground, the compressive
strength of grout increases by confining pressure of ground(e,). Here, @, is the confining pressure
which is produced by earth pressure at rest and by lateral expansion of grout. We call this
phenomenon of increase of confining pressure “poisson effect’ .

In this paper, the design method of compression anchor called SSC anchor and the computer

program for the design are developed through compression tests of anchor body grout.
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Fig.1. Basic types of anchor fixing involving a grout
root, and the stress occurring in the root
(a) gradual stress development caused by tension,
(b) stress caused. by concentric compression at base,
(c) shear and compression stresses distributed over
a larger area{Hobst et al.,1983)
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Fig.2 The failure mode of anchor during pullout( BA+8 T2&, 1990)

BEMBRTRERIE 6



o F@npAAeH, 2) A 73 (Anchor
tendon)®] QA7}=, 3) JAA zl$Ee] gt
27 eg wgeh 1) FHEAYE, 2) 3

A ah RES dul A of
Aol AAubgol 23, 7] HE FaEH
2 249 vyl g Z2y 3) 42y <A
o] ag$EY &7 s AANMl HE R
sz, dAgyEs SHe] YA g &
=EAAME 4E5Y PAF SSC AAE ol 43
of Al 2YPAPE A & YA
AresF 2zt¢E] &7 e WIA B
FaAE BAsl 453 JFAL 5AQ 3)
ol Aq AAYE At i,

3.1 FE0RER g

AAAS Aurste] FRItAARHA q
THE 4 (V% 2o

T, = t.X7-D - [ /F, (1)
oJ7]1A,

T, ' FHAHE 723 3LUdy

t, © FEEASE

F, : +dE

D : JAA 27

1 AAA ZHel

FAubRA g (r,)ol WM A& dF
7y APH T AT Auke] HAVE 99 Fd
33, G2 FF Ak A8 37 13
P ARALE F3) FHE0RAHr)E F
sh=dE A7 vk 2HA AFAHAE
734 FHnbRA(r,)2 dEGFH Y I NA
EAA oz He)g Table 1 & Ho] AFL3=
9 (A ukg-3t s, 1997 ;. 2= A Ve
3], 1997), ol& e} wfiitel 7 <§H
o] Aol oA Al Fhelmzm, FUt
ot AAL SQHE AT 7Sl Table
19 S 22 AHgsies A2 Feof & 7
olch. =, 7 7Itd AATRE. 2/ dm

66 154 F19E - 19994F 2H

oY A$ol Table 1 ¢ e IHZ A
315 AL A7} ATk =2 o $+XE 2
3% A7e) AgAFel=e )& vz 4F
3§ g7dl H4ste Ax T} ol A
Qe AR AA WEAL g3 T
A7 FRohAAH(e)Zhe AHaE Aol o
AR |5, Table 1 & AHgs] AAd] A4H0E
B fed WPABAYE 5T FebEA

% 3te) A=s} Baseh

Table 1. Skin friction resistance(r,) of anchor body

Skin friction resistance
Types of groud (kgf/cm?)
Hard rock 15~25
Soft rock 10~15
Rock
Decomposed rock 6~10
Mudstone 6~12
10 1.0~2.0
20 1.7~25
Sandy
N value 30 25~35
gravel
40 3.5~4.5
50 4.5~7.0
F 10 1.0~14
20 1.8~2.2
Sand [N value 30 2.3~27
40 29~35
50 3.0~4.0
Clayey soil 1.0c(c:cohesion)

(Z-ZAuk33ts], 1997: 28t =4# 7]<¥ 3], 1997)
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Table 2. Typical K (coefficient of lateral earth pressure at rest) and ¥

Ground types Coefficient of lateral earth pressure at rest, K, Unit weight, 7{(t/m?)
Hard rock 2.0 2.0
Soft rock 1.5 2.0
Decomposed rock 1.0 2.0
Decomposed soil 0.5 1.8
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Table 4. Defromation modulus (E,) as the types of ground

—
Deformation modulus,| Unit weight,
Ground types

E, (kgf/em®) y(tf/cm®)

Hard rock More than 4000 More than 2.6
Soft rock 2000 ~4000 2.4~26
Decomposed rock 400 ~2000 22~24

Decomposed soil Less than 400 Less than 2.2

Table 3. Peak strain(e,),. and Poisson’ s ratio(y,,) according to each types of reinforcement

Reinforcement Unreinforced Qutside reinforced |(In+out)-side reinforced | Steel pipe reinforced
L 0.51 0.62 0.80
(v.) 0.24 0.25 0.25
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Table 5. Strength increment ratic by the reinforcement, Ry

Mean strength and ratio of strength increment
Test types Strength by reinforcement Strength increments Ratio of strength | ¢ (cohesion)
types(kg/cm?) (kg/cm®) increment, R, (kg/cm?®)
Unreinforced % 123.17 Ag, 0.0 1 41.28
outside reinforced % 162.30 A 39.13 1.32 ] 54.40
(In+out)-side reinforced L 180.86 Asy, 57.69 1.47 60.62
L Steel pipe reinforced %, 266.80 Aoy, 143.63 2.17 89.42
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o 4
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Table 6. Total confinning pressure(a,) by the grounds
ol Confinning Confining pressure To;:ssl?:ir;r;ing
G:;;lezd Reinforcement types pressure at rest by poisson effect the ground
o,.(kg/cm?) a (kg/cm’) a‘z(k;;cfg;)n )
Unreinforced More than 489.60 More than 500.27
Outside reinforced 10.67 More than 598.00 More than 608.67
Hard rock
(In+out)-side reinforced | (Depth=50.0m) More than 620.00 More than 630.67
Steel pipe reinforced More than 800.00 More than 810.67
Unreinforced 244.80~489.60 255.13~499.93
Outside reinforced 10.33 299.00~598.00 309.33~608.33
Soft rock
(In+out)-side reinforced | (Depth=50.0m) 310.00~620.00 320.33~630.33
Steel pipe reinforced 400.00~800.00 410.33~810.33
Unreinforced 48.96~244.80 58.96 ~254.80
Decomposed Outside reinforced 10.00 59.80~299.00 69.8~-309.00
rock (In+out)-side reinforced | (Depth=50.0m) 62.00~310.00 72.00~320.00
Steel pipe reinforced 80.00~400.00 90.00~410.00
Unreinforced Less than 48.96 Less than 57.66
Decomposed Outside reinforced 8.70 Less than 59.80 Less than 68.50
soil (In+out)-side reinforced | (Depth=50.0m) Less than 62.00 Less than 70.70
Steel pipe reinforced Less than 80.00 Less than 88.70
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Table 7. Confining pressure by ground pressure and Grout strength (a,) by the lateral confined pressure and
strength increment ratio

. Total confinning Grout strength in Strength Ratio of
Ground Reinforcement pressure anchor body increments | strength
types types o, (ke/cm?) (kg/cm?) (kg/cm?®)  |increment, R,
Unreinforced More than 500.27 |More than 1236.51 985.03 4.92
Outside reinforced More than 608.67 |More than 1516.90 1265.42 6.03
Hard rock (In+out)-side reinforced | More than 630.67 {More than 1584.42| 1332.94 6.3
Steel pipe reinforced More than 810.67 |More than 2070.94 1819.46 8.23
Unreinforced 255.13~499.93 690.97 ~1235.77 439.48 2.75
Outside reinforced 309.33~608.33 850.73~1516.16 599.25 3.38
Soft. rock (In+out)-side reinforced 320.33~630.33 893.77 ~1583.68 642.29 3.55
Steel pipe reinforced 410.33~810.33 1179.99~2070.19 928.51 4.69
Unreinforced 58.96 ~254.80 254.38~690.22 2.90 1.01
Decomposed Outside reinforced 69.8~309.00 317.65~849.99 66.17 1.26
rock (In+out)-side reinforced 72.00~320.00 341.10~893.02 89.62 1.36
Steel pipe reinforced 90.00~410.00 467.09~1179.25 215.61 1.86
Unreinforced Less than 57.66 | Less than 251.48 0 1
Decomposed Outside reinforced Less than 68.50 | Less than 314.75 63.27 1.25
soil (In+out)-side reinforced | Less than 70.70 | Less than 338.21 86.72 1.34
Steel pipe reinforced Less than 88.70 | Less than 464.19 212.71 1.85
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Table 8. Conditions of running program

Details of anchor Conditions
Fixed part length(I) 10.0(m)
Diameter of anchor(D) 12.7(cm)
Number of wires(n) 6(wires)
Depth of anchor body(z) 30.0(m)
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Table 9. Input data for running program
Ground tspes | 947 fiction sres. | Unls weights | ol o rouna, | GO of esth
° E,(kg/cm?) v
Hard rock 15.0 2.6 6000 2.0
Soft rock 10.0 2.4 4000 1.5
Decomposed rock 6.0 2.2 2000 1.0
Decomposed soil 2.0 2.0 400 0.5
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Table 10. Results of running program from SSCAD program(units:t)
Allowable anchor | Allowable anchor | Allowable anchor Design
Ground Reinforcement force by tendon, force by skin force by grout anchor force,
types types L compression
T, friction, T, strength, T, S,
Unreinforced 74.80 299.24 187.42 74.80
QOutside reinforced 74.80 299.24 229.76 74.80
Hard rock
(In+out)-side reinforced 74.80 299.24 239.47 74.80
Steel pipe reinforced 74.80 299,24 311.97 74.80
Unreinforced 74.80 199.49 129.74 74.80
Outside reinforced 74.80 199.49 159.34 74.80
Soft rock

(In+out)-side reinforced 74.80 199.49 166.33 74.80
Steel pipe reinforced 74.80 199.49 217.68 74.80
Unreinforced 74.80 199.69 72.06 72.06
D ecomposed Outside reinforced 74.80 199.69 88.93 74.80
rock (In+out)-side reinforced 74.80 199.69 93.47 74.80
Steel pipe reinforced 74.80 199.69 123.69 74.80
Unreinforced 74.80 39.89 25.89 25.89
Decomposed Outside reinforced 74.80 39.89 32.57 32.57
soil (In+out)-side reinforced 74.80 39.89 35.05 35.05
Steel pipe reinforced 74.80 39.89 48.35 39.89
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