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The general formula method is mainly used to calculate density, while the finite element
method can take soil stiffness into account.
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P, =0.657,,, HK,

K, =tan” | 45° - %zvg

Yavg ¢ Depth-weighted effective unit weight

| P,y - Depth-weighted soil friction angle
ol
“"f};--!i_] . H: Total excavation cut depth

: E{ {ﬂqr}velope represents an empirical earth pressure distribution used specially for braced excavations. It
l@Bs.not represent actual earth pressures at any single stage, but rather an envelope of maximum strut loads
ertenced during construction.



= = . BB I=E
|-:|: “M :T:tjj_l — . o= HITE)
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K, = tan’ (45" —gj

where,
¢ : Internal friction angle of soil

N K, : Active earth pressure coefficient

: Active earth pressure coefficient (K,):

: Active pressure intensity at depth:

p(z) =K, vz

where,

K, : Active earth pressure
v : Unit weight (tonf/m’)
z : Depth of pressure (m)

p(z) : Active pressure intensity at depth z
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Tributary zone boundaries: Vertical tributary height:
Z: + Z. ] — —_—
Upper bound : 2, .. ; = “=L "L (for top strut i = LZppern = 0) Sv = Ziower “upper
Zi T Ziy -
Lower bound : 7., ; = v I (for bottom strut 1 = n,z;,.. , = H) I
o
b Average pressure intensity across tributary zone: Strut design load:
™ . upper) ;_ p(Zlower) s Ka . y . Zupper ;_ ZIOWGI' Pd,l = pan,i X Sh X SV,i

% Peck, R. B. (1969). "Deep Excavations and Tunnelling in Soft Ground.” Proceedings of the 7th International Conference-on
’ "'.goil Mechanics and Foundation Engineering (ICSMFE), Mexico City, State-of-the-Art Volume, pp. 225-290.
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Prestress load equation:

P, is obtained from Peck’s empirical equation
- \‘/
P re of- Pd

P \ ‘v

where,

P : Applied hydraulic jack prestress load (tonf)

o : Prestress coefficient / factor(dimensionless ratio, typically 0.30 < o <0.70)

P,: Strut design load calculated from earth pressure analysis (tonf)

o is selected, then the prestress load

.*.:‘ Prestress factor: / can be designed

N ,. Sand/ Dense soils: oo = 0.5 — 0.8 (Higher preloading for stiff soils)

" Tgft to Medium Clays: o = 0.3 — 0.5 (Excessive preloading in soft clays can push the RW backward)
Fi

t. 1“dard Urban Practice: o = 0.5 (50% of the maximum anticipated earth pressure load)
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o Avoid over-preloading: Preloading above 80% of Pd can force the RW outward into the retained
soil mass. That will create passive earth pressure zones and damage nearby buried structures

o Monitor prestress losses: Compensate for 10 — 20% load loss caused by wedge seating slip, waler
deflection, and connection slack

References:

Peck (1969): Deep Excavations and Tunnels in Soft Ground. Established the foundational Apparent Earth Pressure
Diagrams based on envelope measurements from field instrumentations.

N | CIRIA Report C517 / C760 (UK): Temporary Propping of Deep Excavations - Guidance on Design. Standard reference for
Y ro’p stiffness, preloading ratios, and temperature-induced stress allowances in temporary steel bracing.
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(GTS NX solution for strut force design)
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(Explanation of analysis conditions)
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Modulus of
Elasticity(E)
(tonf/m?2)

3721.96418
15295.7432
188647.499

. , . . Unit . . ..
Pons§on s |Unit Wengl:t(v) Weight(Saturated) Cohesnonz(C) Friction
Ratio(v) (tonf/m3) (tonf/m?) (tonfm?) Angle(d)
0.33 1.88647499 1.98844662 1.78450337 31
0.3 2.14140405 2.24337567 5.09858106 33
0.28 2.44731891 2.54929053 18.3548918 35.5
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Modulus of . , . . Unit . . ..
Al Elasticity(E) P;;:::(:)S Un(lzovr:I;e/lrgnl';;(v) Weight(Saturated) C??::;ITZ()C) :;;t;a:)
k :{ (tonf/m?) (tonf/m3)
- _;_‘ . has-E{Ex 3721.96418 0.33 1.88647499 1.98844662 1.78450337 31
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1. Global Excavation & Support System Input Parameters

Parameter Name Symbol Formula / Description Reference
H

Total Excavation Depth 16.0 m Input: Total depth of excavation model
Excavation Width B 30.0 m Input: Width of excavation area

Horizontal Strut Spacing Sh 5.0 m Input: Center-to-center horizontal strut spacing
Prestress Factor a 0.5 - Input: Prestress factor (typically 0.3 ~ 0.5)

2. Stratified 3 Soil Layer Thicknesses & Geotechnical Parameters

P Friction Angle
N f Soil Layer / Description ()

I lf ' (deg °)
s = 11 37.00 0.320 73.63 11.84

: ILEE) 1.78 31
11 F i

Layer Thickness |Unit Weight (y_i) Cohesion (C_i)

Layer Active Coeff.
(K_a,i)

Weighted K_a,i x

Weighted y x h_i h i

2 st® ey N =i I
gf%%- - ! Peck's Global Apparent Pressure, p, (tonf/m?) = 0.65 * Veq ¥ H*Ka,, = 6.62 :
Y aoas SR ‘C ___________________________________ -
% %, & 5 k y
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3. Multi-Layer Strut Elevation & Dual Design Load Calculation Table

[Method 2] | [Method 2] [Method 2] [Method 1] [Method 1]

Upper Bound

strut Level / ID Strut Depth ) vy Lower Bound| Trib Height Active Active Active Peck Peck
(z_i) (m) —(::)’ Top p_top Bot p_bot Design Load Uniform p_a Design Load
(t/m?) (t/m?) (tonf) (t/m?) (tonf)
Strut Layer 1 3.00 0.00 5.00 5.0 0.0 3.2 39.8 6.6 165.6
Strut Layer 2 (Middle) 7.00 5.00 9.00 4.0 3.2 5.7 89.2 6.6 132.5
Strut Layer 3 11.00 9.00 13.50 4.5 5.7 8.6 161.2 6.6 149.1

=7 28 [H 155 (AVERAGE AREA)

q Peck 1+ BN % fiilH

Strut 1 Load= 39.8 tonf
Ppre: 19.9 tonf

Strut 1 Load= 165.6 tonf
Ppre: 82.8 tonf

Strut 2 Load= 132.5 tonf
Ppre: 66.2 tonf

Strut 2 Load= 89.2 tonf
Ppre: 44.6 tonf

Strut 3 Load= 161.2 tonf
Ppre: 80.6 tonf

Strut 3 Load= 149.1 tonf
Ppre: 74.5 tonf
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Modulus of

2iE31lm

Cohesion(C)
(tonfm?)

Unit Weight(y)
(tonf/m3)

Poisson’s
Ratio(v)

Weight(Saturated)

Elasticity(E)

(tonf/m3)

(tonf/m?)

1.78450337
5.09858106
18.3548918

1.98844662
2.24337567
2.54929053

1.88647499
2.14140405
2.44731891

3721.96418
15295.7432
188647.499

Friction
Angle(d)
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1. Global Excavation & Support System Input Parameters

_

Total Excavation Depth 16.0 Input: Total depth of excavation model

Excavation Width B 30.0 m Input: Width of excavation area

Horizontal Strut Spacing sh 50 Inpujc: Center-to-center horizontal strut
spacing

Prestress Factor a 0.5 - Input: Prestress factor (typically 0.3 ~ 0.5)

2. Stratified 3 Soil Layer Thicknesses & Geotechnical Parameters
Friction Angle

(b_i)
(deg °)

3 { i 181 6.00 1.89 1.78 31 0.320 11.34 1.92

Layer Thickness |Unit Weight (y_i)| Cohesion (C_i)
(tonf/m?)

Layer Active Coeff.
(K_a,i)

Weighted K_a,i x
h_i

Soil Layer / Description

Weighted y x h_i

l(_' .""_- _ 152 11.00 2.14 5.09 33 0.295 23.54 3.24

; ]\ L - 2153 20.00 18.35 0.260 49.00

| TOTAL THICKNESS &
---m
i S \
L Il Peck's Global Apparent Pressure, p, (tonf/m?) =0.65 * v, * H * Ka 6.60 :
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3. Multi-Layer Strut Elevation & Dual Design Load Calculation Table

Strut Depth \Upper Bound|Lower Bound| Trib Height

Strut Level / ID (z_upper) (m) (z_lower) (m)| (S_v,i) (m)

Strut Layer 1 3.00 0.00 5.00 5.0
Strut Layer 2 (Middle) 7.00 5.00 9.00 4.0
Strut Layer 3 11.00 9.00 13.50 4.5

Peck R B2 17t [El

Strut 1 Load= 165.0 tonf
Ppre: 82.5 tonf

Strut 2 Load= 132.0 tonf
Ppre: 66.0 tonf

Strut 3 Load= 148.5 tonf
Ppre: 74.2 tonf

[Method 2]

Top p_top
(t/m?)

[Method 2] [Method 2] [Method 1] [Method 1]

Active Active Peck Peck
Bot p_bot Design Load Uniform p_a Design Load
(tonf) (t/m?) (tonf)
3.2 39.7 6.6 165.0
5.7 88.8 6.6 132.0
8.6 160.6 6.6 148.5

=7 28 [H 155 (AVERAGE AREA)

Strut 1 Load= 39.7 tonf
Ppre: 19.8 tonf

Strut 2 Load= 88.8 tonf
Ppre: 44.4 tonf

Strut 3 Load= 160.6 tonf
Ppre: 80.3 tonf
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(3D model impact on strut prestress)
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EARRIZEESTE - 30 BEGFTELRNZERAO(REN)EER/NR 2D FE8 - Z2EE 2D 2 "F
H &% (Plane Strain) J Bk - TERIE FEEHRN =4 ZEE5RE] ( Spatial Confinement ) -

In numerical analysis of deep excavation, the support preload (and axial force) calculated by the 3D model is
usually much smaller than that of the 2D model. This is because the "plane strain" assumption of the 2D analysis
completely ignores the spatial constraints of the real world.

3D&2DEVESEZE - EERE I IU{E %/ BRI =

(The key reason causes to the difference between 3D & 2D)

| 1.IE eV E R EEE " APEIUE 1 (Corner Effect)
. f 2 JKM[a) T T IERUFE § (Horizontal Soil Arching)

& A 3. ElZ(Waler Beam)HWZE [E &} &2 73 BiC (Load distribution on Waler)
4. RN EREZE BIZA[E (Prestressing baseline targets)

B ARG LURTN 20 5T EERAEE  BEEMREILERARBINE - 5
A T ZBB78 1% 2(Spatial Reduction Factor) 1 2R#EITTE IR ETE AL &

In practice, a conservative 2D calculation result is usually used as a benchmark, and then a
"spatial reduction factor" is introduced to gradually configure the prestressing force based
on the aspect ratio of the site and the location of the corner.
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SERRABEREREZIR (Ou et al, 1996, 1998 ) IELAYFEEZELE ( Plane Strain Ratio, PSR ) EARPHRRIIE
MBHAR - ERFEIZEETPREZEANEE -

The plane strain ratio (PSR) and corner effect reduction curve proposed by Professor Ou et al. (1996, 1998) of
National Taiwan University of Science and Technology are the most widely used benchmarks in deep excavation
design.

WEE— | etEHS 28 NEEmREELE (PSR)]
B NARDEMS AR HTRNEN S EIEE - PSRESS ( IDPRBAEN /20 BRK

2 -
~ | fR#R Ouetal B9BAZE » PSREVARNEMAREL (L/B) RREZEFEL (H./B) : S 1
Y. tep 1:
{ R IR (TR o Calculate geometric parameters and
N O+ B MZENEE (HENRE) - plane strain ratio (PSR)

----------------------------------------- (Depending on L/B ratio, the PSR is defined)
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.12 [ #f7 il 1% 2l (Spatial Reduction Factor)-2

TR | PRPHNERITRE PR |k EEAMIER) ETHEHER
HN{§ PSR # - ENE] %3 2D $/8 (0 RidoZk Plaxis 2D) 3tHUEIPRZIEFE N (Top) BITNS TREMEEABERKA » TPREFTEHR - Ouet al. AKIEE @ BLENEFHSETFEL
o ° SRIFLINMASERZENS - At - B—FEENBEATERESR— A PEEE) !

e | ol o= P g s N ol TR IR BTl N

: ‘Eﬂﬂ . I.‘ent(-:r,l{[) = T_’D X PSR X ﬁ%f%& I ﬁﬁgi&g@u%ﬁ L ’ Eﬁﬁﬂg?‘%d :

o EE: BT (PSR) BRENIGEILIEREN 1 GMRIG - EBLATRTRE @ 1 IRSE(PRERMNd=L/4~3L/49:
HEM—ELL PSRIAR TSaNITHAB © HIE PSR=0.5 85 » TN EIABET AR 0.65 o SEMBERERD -

Ry o TNEE: RASEHHN Tonir op ° LEBDBK -
2 BEE@MNd = L/8~ L/4):
o BESBHRABGRNRALE -
Step 2: o THRRE: RPRERNH 70% ~ 85%

3. AREEORE (HmMd=0~ L/3):
o {UBE/) > BSRINBAEHEZENERESFIRERR -
o FNRE: MPREFWNY 40% ~ 60% - EFHE (AF) » WRBSH@IRSZ N

. Basic reduction of central preload

(:I’hg.:"central strut preload is then adjusted by 2D model)

Step 3:
{4y Zoned gradual design based on corner distance

(The preload for-struts on the same level distributes
uniform across all zones)
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2T

2184378

HRERE S REE

F1Z1:-4m

F1Z2:-8m
FH1Z3:-12

Biz4:-16
m

Modulus of

Elasticity(E) P;;::;’(:')s Un(i;covr\‘l;e/iil';;(v) Weight(Saturated) c?:::;?ﬂ'l()c) ::;I:?c;)
(tonf/m?2) (tonf/m3)

3721.96418 0.33 1.88647499 1.98844662 1.78450337 31

15295.7432 0.3 2.14140405 2.24337567 5.09858106 33

188647.499 0.28 2.44731891 2.54929053 18.3548918 35.5
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. sacon C MBEREESRESESNA—EE5 B0.3m) - EEHEMERNE
> = | = 377411 ) (3147 2 B ) ) B8 — T 2R (Shell 2 B
o | e f M HEREGERA
t 2 o3 m [ 3 B B4R AL ( MIERS 0.3 m ~ B 0.015 m B EMER - A1)
e @:"— 2 HEE S —{E& 0.3 m * E 0.015 m WiE@RIE ) :
Q| tw1 tw2
T A=3x (0.3m x 0.015 m) = 0.0135 m’

R DA THRHR IR T B

EUEE (t,,)
RIGEEEB = 0.3 M HEH

tey = A/B =0.0135m/0.3m = 0.045 m (Bl 45 mm)
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——+0.00000e+00
93.4%

| -2.96366e+00

0.0%

———-5.92732e+00
o

e+00

e+01

e+01
e+01

<70.0L: -11.5121, 1.0L: -11.5121

4 0.0L: -19.7048, 1.0L: -19.7048

P iy .

e+01

e+01
e+01

e+01

e+01

e+01

- T X
VeSS SV

>

45 - 0.0L:-11.5685, 1.0L: -11.5685

%, 0.0L:-19.3771, 1.0L: -19.3771

/

.0L: -34.2773, 1.0L: -34.2773 ¢

= L

DATA ] TEST1, BAfE4, INCR=1(LOAD=1.000), [UNIT] tonf, m

Modulus of Unit

Elasticity(E) P;;:::(:)s Ur};to\:;j:ig; (v) Weight(Saturated)
(tonf/m?) (tonf/m3)

3721.96418 1.98844662

Cohesion(C) Friction
(tonfm?) Angle(d)

1.88647499 1.78450337
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GTS NXI[E & s 5 1 /1B — 1 35(tonf)

160

140

120

100

80
60
{, | 40
h e
iy, im a R
. .. "H"r J { -

CiE2 3
m2D m2D #7EE0.5(PSRxFS) m3D-X3 3D-Y3

; -_ 2D #1i#0.5(PSRxFS) 3D-X3 3D-Y3

S 1E1 24.1598 15.70387 11.5121 11.6842
X 152 78.6498 51.12237 19.7048 19.771
X153 146.4106 95.16689 35.5639 33.552




GTS NX 3D[E E TR 1A

A | — | [Element 1| 7% W H®| L

Modulus of Unit

Elasticity(E) P:a::?:(:)s Un(ltto‘rl:s:ﬁ?)t(w Weight(Saturated)
(tonf/m?2) (tonf/m3)

3721.96418 1.88647499 1.98844662 1.78450337

e RE#1-AEE 15295.7432 0.3 2.14140405 2.24337567 5.09858106 33
RE#-BE 188647.499 0.28 2.44731891 2.54929053 18.3548918 35.5

Cohesion(C) Friction
(tonfm?) Angle(d)




GTS NXI[& & s #5 7 1775k 5 135 (tonf)

III Ill |II
1

m2D m2D IRKo. 5(PSR><FS m3D-X3 m3D-Y3

| o ors | o 2013

151 37.435 24.33275 11.5121 11.6842
_ <152 52.467 34.10355 19.7048 19.771

AN TREE X .
,M&. L X253 70.0282 45.51833 35.5639 33.552



* Conclusion

o By validated for different conditions of cases, the results show that 2D/3D FEM by GTS
NX and Analytical methods can be validated each other

o The difference could be explained by 2D/3D FEM including stress re-distribution/Wall
bends/structure interaction while analytical methods just based on failure state of
pressure envelope/ equivalent parameters for two soil layers. Especially, 3D case
including corner effect can change the prestress force on strut.

--> ‘strut design force for strut prestress solution’
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