




Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 7-橫擋檢核(常時)

DESIGN OF WALE

A. � 3 (normal condition)

B. � 1 H400×400×13×21

C. Loading conditions

1. design loading Ww = 31.6 t/m

2. temperature load Ft = 30 t

3. spacing1 L1 = - m

4. spacing2 L2 = 3 m

5. spacing3 (computing P') L3 = 2.5 m

6. angle � = 45 °

7. factor of short term loading� = 1.25

D. Section properties (for single wale)

1. area  A = 218.7 cm2

2. depth d = 40 cm

3. thickness of web tw = 1.3 cm

4. section modulus of x axis Sx = 3330 cm3

5. yielding stress Fy = 2400 kg/cm2

E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale

L' = L2 = 3.00 m

Mx = Ww×(L')²/10 = 28.4 t-m

V = Ww×L'/2 = 47.3 t

2. compute axial loading (N)

Pw = Ww×L3 = 78.9

N = Pw+Ft = 108.9 t

3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×� = 1800 kg/cm2

Fv = 0.4×Fy×� = 1200 kg/cm2

4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 1351 kg/cm2

fa�Fa~~O.K

5. compute shear stress (fv)

fv = V/(d×tw) = 910 kg/cm2

fv�Fv~~O.K

According to  above analysis,

1 H400×400×13×21 is satisfactory.

Wale level

Wale type

Ww

L3
L2

P' P'
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 7-鋼板樁剪力彎矩檢核

 DESIGN OF SHEET PILE 

Conditon of sheet pile

1. Properties of sheet pile TYPE 6

Width W= 400 mm

Depth h= 125 mm

Thickness of sheet pile t= 13 mm

Unit weight Wt= 150 kg/m

Section modulus per meter S= 1310 cm3

Yielding Stress Fy=2520kg/cm2

2. Maximun momemnt of sheet pile (Mmax)p= 10.69t-m/m at G.L.- 6.35 m (from RIDO output)

3. Maximun shear force of sheet pile (Vmax)p= 16.51t/m at G.L.- 6 m (from RIDO output)

4. Factor of short term loading   a= 1.2 (1,1.2,1.33,1.5)

(a)Check bending stress of sheet pile (fb)p

1. Reduction of section modulus of sheet pile

Reduction factor    f = 0.9

1179 cm3

2. 907 kg/cm2

3. 1814 kg/cm2

4.

(b)Check shear stress of sheet pile (fv)p

1. 226 kg/cm2

where, L=unit length=1m, Reduction factor f = 0.9

2. 1210 kg/cm2

3.

YSP-Ⅲ is satisfactory.

AWD_V1.0

YSP-Ⅲ

(fv)p<(Fv)p~~O.K

*Accoring to above analysis,

S'=f*S=

(fb)p=(Mmax)p/S'=

(fb)p<(Fb)p~~O.K

(Fv)p=a*0.4Fy=

(Fb)p=a*0.6Fy=

(fv)p=(Vmax)p/[f*(L/W)*(h*t*2)]=
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1-9 工作井開挖擋土支撐TYPE 8

▪ 開挖支撐施工流程圖

▪ 擋土壁貫入深度分析

▪ 開挖擋土穩定分析檢核

▪ RIDO分析參數

▪ RIDO分析之水壓力分布圖

▪擋土及支撐系統分析設計

· RIDO輸入、出資料(常時)

· 支撐系統檢核綜合表

· 支撐檢核(常時)

· 橫擋檢核(常時)

· 鋼鈑樁彎矩及剪力強度檢核
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-施工程序

工序 工　程　項　目

1 打設鋼板樁

2 開挖至1.4m
3 第1階支撐架設/GL.-0.7m
4 開挖至4.4m/降水至4.4m
5 第2階支撐架設/GL.-3.7m
6 開挖至6.7m/降水至7.7m
7 第3階支撐架設/GL.-6m
8 開挖至9m/降水至9m
9 回填至6.7m

10 拆除第3階支撐
11 回填至4.4m
12 拆除第2階支撐
13 回填至1.4m
14 拆除第1階支撐
15 回填至0m
16
17

註：擋土壁深度=16m

第1撐 GL.-0.7m

第2撐 GL.-3.7m

第3撐 GL.-6m

////////
GL.+0m

////////
GL.-1.4m

////////
GL.-4.4m

////////
GL.-6.7m

////////
GL.-9m

////////
GL.-6.7m (回填)

////////
GL.-4.4m (回填)

////////
GL.-1.4m (回填)

////////
GL.-0m (回填)

GL.-2.3m

GL.-4.4m

GL.-7.7m

GL.-9m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-貫入深度檢核(側向力平衡)

擋土側主動土壓力計算：

D1 D2 gt c' f' Su1 Su2 sva1 sva2 s'va1 s'va2 sa1 sa2 Pa La Ma

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 CL 0.00 2.30 D 1.86 0.00 28.00 - - - 0.423 0.65 0.00 4.28 0.00 4.28 - - - - -

1 CL 2.30 4.50 D 1.86 0.00 28.00 - - - 0.423 0.65 4.28 8.37 4.28 6.17 - - - - -

2 SM 4.50 6.00 D 1.91 0.00 30.00 - - - 0.394 0.63 8.37 11.24 6.17 7.54 - - - - -

2 SM 6.00 6.80 D 1.91 0.00 30.00 - - - 0.394 0.63 11.24 12.76 7.548.26 2.97 3.26 2.49 0.41 1.01

3 CL/ML 6.80 9.00 D 1.93 0.00 28.00 - - - 0.423 0.65 12.76 17.01 8.26 10.31 3.49 4.36 8.63 1.9416.75

3 CL/ML 9.00 11.70 D 1.93 0.00 28.00 - - - 0.423 0.65 17.01 22.22 10.31 12.82 4.36 5.42 13.19 4.4058.04

4 SM 11.70 15.80 D 1.95 0.00 32.00 - - - 0.367 0.61 22.22 30.22 12.82 16.72 4.71 6.14 22.24 7.84174.36

5 ML 15.80 16.00 D 1.92 0.00 29.00 - - - 0.408 0.64 30.22 30.60 16.72 16.90 6.82 6.90 1.37 9.9013.59

註：(1)主動側土壓力係數採用Rankine；牆土粘滯力採用cw'=αc'或cw= αSu SMa= 263.75

　　(2)土壤有效應力之計算方式為土壤總應力扣除擋土側滲流後之水壓

開挖側被動土壓力計算：

D1 D2 gt c' f' Su1 Su2 svp1 svp2 s'vp1 s'vp2 sp1 sp2 Pp Lp Mp

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 CL 0.00 2.30 D 1.86 0.00 28.00 - - - 3.254 1.80 - - - - - - - - -

1 CL 2.30 4.50 D 1.86 0.00 28.00 - - - 3.254 1.80 - - - - - - - - -

2 SM 4.50 6.00 D 1.91 0.00 30.00 - - - 3.632 1.91 - - - - - - - - -

2 SM 6.00 6.80 D 1.91 0.00 30.00 - - - 3.632 1.91 - - - - - - - - -

3 CL/ML 6.80 9.00 D 1.93 0.00 28.00 - - - 3.254 1.80 - - - - - - - - -

3 CL/ML 9.00 11.70 D 1.93 0.00 28.00 - - - 3.254 1.80 0.00 5.21 0.00 2.510.00 8.17 11.03 4.8052.95

4 SM 11.70 15.80 D 1.95 0.00 32.00 - - - 4.078 2.02 5.21 13.21 2.51 6.41 10.24 26.12 74.55 8.05599.98

5 ML 15.80 16.00 D 1.92 0.00 29.00 - - - 3.436 1.85 13.21 13.59 6.41 6.59 22.01 22.64 4.46 9.9044.20

註：(1)被動側土壓力係數採用Coulomb，d=1/2f'；牆土粘滯力採用cw'=αc'或cw= αSu SMp= 697.14

　　(2)土壤有效應力之計算方式為土壤總應力扣除開挖側滲流後之水壓

水壓力計算：

D1 D2 swa1 swa2 sia1 sia2 ua1 ua2 swp1 swp2 sip1 sip2 up1 up2 Pwa Lwa Mwa Pwp Lwp Mwp

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m) (t/m) (m) (t-m/m)

0.00 2.30 D - - - - - - - - - - - - - - - - - - -

2.30 4.50 D - 0.00 2.20 - - 0.00 2.20 - - - - - - - - - - - -

4.50 6.00 D - 2.20 3.70 - - 2.20 3.70 - - - - - - - - - - - -

6.00 6.80 D - 3.70 4.50 - - 3.70 4.50 - - - - - - 3.28 0.41 1.35 0.00 -0.00

6.80 9.00 D - 4.50 6.70 - - 4.50 6.70 - - - - - - 12.32 1.97 24.30 0.00 - 0.00

9.00 11.70 D - 6.70 9.40 - - 6.70 9.40 0.00 2.70 - - 0.00 2.70 21.74 4.43 96.19 3.65 4.8017.50

11.70 15.80 D - 9.40 13.50 - - 9.40 13.50 2.70 6.80 - - 2.70 6.80 46.95 7.87 369.57 19.48 8.04 156.67

15.80 16.00 D - 13.50 13.70 - - 13.50 13.70 6.80 7.00 - - 6.80 7.00 2.72 9.90 26.93 1.38 9.9013.66

註：擋土側地下水位在地表面下2.3m，開挖側地下水位在開挖面 SMwa= 518.33 SMwp= 187.83

超載引起之側向力計算：

D1 D2 sqa1 sqa2 sqp1 sqp2 sqn1 sqn2 Pqh Lqh Mqh

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

0.00 2.30 0.63 0.63 - - - - - - -

2.30 4.50 0.63 0.63 - - - - - - -

4.50 6.00 0.59 0.59 - - - - - - -

6.00 6.80 0.59 0.59 - - 0.59 0.59 0.47 0.40 0.19

6.80 9.00 0.63 0.63 - - 0.63 0.63 1.39 1.90 2.65

9.00 11.70 0.63 0.63 - - 0.63 0.63 1.71 4.35 7.44

11.70 15.80 0.55 0.55 - - 0.55 0.55 2.26 7.75 17.51

15.80 16.00 0.61 0.61 - - 0.61 0.61 0.12 9.90 1.21
SMqh= 29.00

滲流

方式

     (ΣMp+ΣMwp+Ms) ≧(ΣMa+ΣMwa+ΣMqh)
     (697.14+187.83+0)≧(263.75+518.33+29)

      884.97≧811.08 ~~O.K！

地層

編號

地層

代號

排水

類型
α Kph

     需求Fs=1.197137

KachKah

Kpch

地層

編號

地層

代號

排水

類型
α

側向力平衡檢核：

排水

類型
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-砂湧檢核

式中

gsub= 砂質土壤之有效單位重(t/m3)
gw= 地下水之單位重(t/m3)
D= 擋土設施之貫入深度(m)

DHw= 擋土設施內外兩側之水頭差(m)

地下水位 GL.-2.30m，擋土壁長=16.00m

開挖 開挖深度 DHw D gsubD gsubDHw

階段 (GL.m) (m) (m) (t/m2) (t/m2)
1 -1.40 - 14.60 - - - - 水位低於開挖面，不需檢核！

2 -4.40 2.10 11.60 - - - - 開挖面下含粘性地層，不需檢核！

3 -6.70 4.40 9.30 - - - - 開挖面下含粘性地層，不需檢核！

4 -9.00 6.70 7.00 - - - - 開挖面下含粘性地層，不需檢核！

FS1 =
2gsubD

gwDHw
≧ 1.50 FS2 =

FS1

≧ 2.00
gsub(DHw+2D)

gwDHw

FS2 檢核結果

不透水層

sub

Hw

D
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO分析參數表

1 土層設計參數表

土層分類 深度 gt g' Ka Ko Kp c' f' Su Da Db Kh

(地層) (m) (t/m3) (t/m3) (t/m2) (o) (t/m2) (t/m3)
CL 4.50 1.86 0.86 1.000 1.000 1.000 2.0 3 2.0 1 1 500
SM 6.80 1.91 0.91 0.333 0.500 4.807 0.0 30 0.0 1 1 1080

CL/ML 11.70 1.93 0.93 1.000 1.000 1.000 4.0 6 4.0 1 1 1000
SM 15.80 1.95 0.95 0.307 0.470 5.551 0.0 32 0.0 1 1 2520
ML 17.20 1.92 0.92 1.000 1.000 1.000 4.0 11 4.0 1 1 1000

Ka採Rankine土壓力係數

Kp採Coulomb土壓力係數，d=1f'/2

2 2.鋼板樁資料

擋土結構長度 = 16 m
鋼板樁型式 = YSP-III m
EcI折減係數f2 0.7
Ec 21000000 t/m2 150000(f1fc')

1/2

慣性矩I 0.000164 m4 1/12×b×h3(b=1m)
f2EcI 2411 t-m2 f2EcI

3 初始水位面 2.3 m

4 超載 深度 起始距離 終結距離 載重值

地表/鄰房超載 0 0 20 1.5 t/m2

5 鋼支撐勁度

Es 21000000 t/m2

Lx1 1.63 m Strut1
Lx1' 1.63 m 等值長度=Lx1

Lx2 1.63 m Strut2
Lx2' 1.63 m 等值長度=Lx2

Lx3 1.63 m Strut3
Lx3' 1.63 m 等值長度=Lx3

折減係數f 0.7

型鋼性質 A(cm2) Wt(kg/m) rx(cm) ry(cm) fEsA/Lx1' fEsA/Lx2'

H300×300×10×15 119.8 94.0 13.1 7.51 108040 108040
H350×350×12×19 173.9 137.0 15.2 8.84 156830 156830

各層支撐 支撐型式 深度 間距 預力 勁度

H300×300×10×15 大斜撐 0.7 1.75 0 108040 t/m
H350×350×12×19 大斜撐 3.7 1.75 0 156830 t/m
H350×350×12×19 大斜撐 6 1.75 0 156830 t/m

擋土壁壁體變位與受力分析參數(RIDO)

 1-9-5 N:\24\241107台南海水淡化\Analysis\Rido\03 基設審查後修正\工作井G10_5x5，H=9m\Rido Wizard-G10.xls



Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO分析之水壓分佈

　　  註：水壓力正值為擋土側，負值為開挖側
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO輸入檔(常時)

J241107-G10 *FA60L*
*File Name : G10_N.RIO
*Retaining Wall
0
*D    EI
16    2411
0
*Soil Data
*D    rt    r'    Ka    Ko    Kp    c     phi   Da    Db    Re    Rp
4.5   1.86  0.86  1     1     1     2     3     0.5    0.5   500   0
6.8   1.91  0.91  0.333 0.5   4.807 0     30    0.5    0.5   1080  0
11.7  1.93  0.93  1     1     1     4     6     0.5    0.5   1000  0
15.8  1.95  0.95  0.307 0.47  5.551 0     32    0.5    0.5   2520  0
17.2  1.92  0.92  1     1     1     4     11    0.5    0.5   1000  
*GWL
2.3   0.5
*Surcharge
SUB(2)0     0     20    1.5
*Phase 1 : Excavate to 1.4m ; 
WAT(1)2.3   0
WAT(1,1)4.5   0     2.2
WAT(1,1)6.8   4.5   0
WAT(1,1)11.7  0     9.4
WAT(1,1)15.8  13.5  0
WAT(1)16    0
WAT(2)2.3   0
WAT(2,1)4.5   0     2.2
WAT(2,1)6.8   4.5   0
WAT(2,1)11.7  0     9.4
WAT(2,1)15.8  13.5  0
WAT(2)16    0
EXC(1)1.4
CAL(2)
*Phase 2 : Install a Strut at 0.7m - H300×300×10×15  (No.1) ; 
BUT(2)0.7   1.75  0     0     108040
CAL(2)
*Phase 3 : Excavate to 4.4m ; 
WAT(1)4.4   0
WAT(1,1)4.5   0     0.1
WAT(1,1)6.8   2.4   0
WAT(1,1)11.7  0     7.3
WAT(1,1)15.8  11.4  0
WAT(1)16    0
WAT(2)2.3   0
WAT(2,1)4.5   0     2.2
WAT(2,1)6.8   4.5   0
WAT(2,1)11.7  0     9.4
WAT(2,1)15.8  13.5  0
WAT(2)16    0
EXC(1)4.4
CAL(2)
*Phase 4 : Install a Strut at 3.7m - H350×350×12×19  (No.2) ; 
BUT(2)3.7   1.75  0     0     156830
CAL(2)
*Phase 5 : Excavate to 6.7m ; 
WAT(1)7.7   0
WAT(1,1)11.7  0     4
WAT(1,1)15.8  8.1   0
WAT(1)16    0
WAT(2)2.3   0
WAT(2,1)4.5   0     2.2
WAT(2,1)6.8   4.5   0
WAT(2,1)11.7  0     9.4
WAT(2,1)15.8  13.5  0
WAT(2)16    0
EXC(1)6.7
CAL(2)
*Phase 6 : Install a Strut at 6m - H350×350×12×19 ( No.3) ; 
BUT(2)6     1.75  0     0     156830
CAL(2)
*Phase 7 : Excavate to 9m ; 
WAT(1)9     0
WAT(1,1)11.7  0     2.7
WAT(1,1)15.8  6.8   0
WAT(1)16    0
WAT(2)2.3   0
WAT(2,1)4.5   0     2.2
WAT(2,1)6.8   4.5   0
WAT(2,1)11.7  0     9.4
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO輸入檔(常時)

WAT(2,1)15.8  13.5  0
WAT(2)16    0
EXC(1)9
CAL(2)
*Phase 8 : 
REM(1) 6.7
9.0 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 9 : Remove the Strut (No.3) ; 
BUT(0,3)
CAL(2)
*Phase 10 : 
REM(1) 4.4
6.7 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 11 : Remove the Strut (No.2) ; 
BUT(0,2)
CAL(2)
*Phase 12 : 
REM(1) 1.4
4.4 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 13 : Remove the Strut (No.1) ; 
BUT(0,1)
CAL(2)
*Phase 14 : 
REM(1) 0
1.4 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
END
EVP
STA
STOP
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO分析結果圖(常時)

最終開挖面

最下階支撐拆除
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-RIDO分析結果圖(常時)

分析結果圖
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-支撐系統檢核綜合表

支撐系統受力檢核假設條件：

水平支撐

編號 深度(m) 型式 間距(m) 預力(t) 常時 0 0 最大軸力 容許軸力 最大軸力 容許軸力 檢核結果

1 0.70 1H300×300×10×15 大斜撐 1.75 0.0 6.6 19.4 19.4 9.3 171.2 171.2 OK
2 3.70 1H350×350×12×19 大斜撐 1.75 0.0 34.0 111.1 111.1 48.1 249.2 249.2 OK
3 6.00 1H350×350×12×19 大斜撐 1.75 0.0 43.8 96.4 96.4 62.0 249.2 249.2 OK

橫　　檔 角　　撐

編號 深度(m) 自重(t/m) Ww(t/m) M(t-m) V(t) Ww(t/m) M(t-m) V(t) 檢核結果 檢核結果

1 0.70 1H300×300×10×15 0.094 3.8 1.9 3.8 11.1 5.5 11.1 OK -
2 3.70 1H400×400×13×21 0.172 19.4 9.7 19.4 63.5 9.7 19.4 OK -
3 6.00 1H350×350×12×19 0.137 25.0 12.5 25.0 55.1 12.5 25.0 OK -

橫檔資料 常時(t) 短期(t)

H型鋼型式

            -
H型鋼型式
角撐資料

H型鋼型式

5.弱軸最大無支撐長度為2.83m

水平支撐資料 RIDO分析軸力(t)

8.支撐溫度荷重Ft假設為30ton

6.支撐分析間距S採2.2m
7.支撐假設活載重LL採0.5t/m2

1.鋼材楊氏模數採2100000kg/cm2；鋼材降伏強度採2400kg/cm2

2.支撐常時分析時容許應力採1.25；短期分析時容許應力採1.25
3.橫檔常時分析時容許應力採1.25；短期分析時容許應力採1.25
4.強軸最大無支撐長度為2.83m

短期(t)

10.短期分析軸力為0分析軸力及0分析軸力之最大值

常時(t)

136.3

            -

157.0

            -

27.4

9.橫檔設計荷重Ww=支撐軸力(RIDO輸出值)/支撐分析間距
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-支撐檢核(常時)

Level： 1 (normal condition)

*USE 1 H300×300×10×15

Section properties:
1. Area  A= 119.8 cm2 10. rx= 13.1 cm

2. Unit weight Wt= 0.094 t/m 11. ry= 7.51 cm

3. Depth d= 30 cm 12. Moment of inertia about x-axis Ix= 20400 cm4

4. Thickness of web tw= 1 cm 13. Moment of inertia about y-axis Iy= 6750 cm4

5. Width of flange bf= 30 cm 14. Area of flange Af= 45 cm2

6. Thickness of flange tf= 1.5 cm 15. Area of web Aw= 30 cm3

7. Section modulus of x-axis Sx= 1360 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 450 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 8.22 cm

Loading conditions:
1. Design loading Ww= 5.3 t/m
2. Analysis spacing S= 1.75 m

3. Axial loading of single strut P= 9.3 t
4. Strut spacing L1= 1.5 m      L2= 2 m

5. Strut length of y-axis S1= 1.63 m      S2= 1.63 m
6. Strut length of x-axis S3= 1.6 m      S4= 1.63 m

7. Angle θ= 45.0 °

8. Brace length Lk= 2.1 m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1.25 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=10.00 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=12.44

800/Fy^0.5=16.33 K×Lby/ry=21.70 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=30.00 Cc=(2×π²E/Fy)^0.5=131.42

4. 5370(1-3.74Fa/Fy)/Fy^0.5=53.57 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.165

d/tw<5370(1-3.74Fa/Fy)/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=1.63 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1712 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=1.63 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=3.92 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=15 Fbx=1980 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=2250 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.192 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.001 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000008 <1/240~~O.K fa/0.6Fy+fb/Fb=0.235 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.198 ≦1.0~~O.K

1. Mx=(Wt+LL)×Lbx²/8=0.20 t-m where
Cm=0.85

Fex'=12π²E/[23(KLx/rx)²]×α=87307 kg/cm²

Fey'=12π²E/[23(KLy/ry)²]×α=28694 kg/cm²

(l)Check shear stress

2. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=1200 kg/cm²

3. V=(Wt+LL)×Lbx/2=0.48 t 2. Computed shear stress fv=V/Aw=16.1 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P'+Ft)/A=328 kg/cm² * According to above analysis, H300×300×10×15 is satisfactory.

Fbx=0.66×Fy×α=1980

Fby=0.75×Fy×α=2250

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=8.75

Ww

P'

S1

L1 L2



S2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-支撐檢核(常時)

Level： 2 (normal condition)

*USE 1 H350×350×12×19

Section properties:
1. Area  A= 173.9 cm2 10. rx= 15.2 cm

2. Unit weight Wt= 0.137 t/m 11. ry= 8.84 cm

3. Depth d= 35 cm 12. Moment of inertia about x-axis Ix= 40300 cm4

4. Thickness of web tw= 1.2 cm 13. Moment of inertia about y-axis Iy= 13600 cm4

5. Width of flange bf= 35 cm 14. Area of flange Af= 66.5 cm2

6. Thickness of flange tf= 1.9 cm 15. Area of web Aw= 42 cm3

7. Section modulus of x-axis Sx= 2300 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 776 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 9.62 cm

Loading conditions:
1. Design loading Ww= 27.5 t/m
2. Analysis spacing S= 1.75 m

3. Axial loading of single strut P= 48.1 t
4. Strut spacing L1= 1.5 m      L2= 2 m

5. Strut length of y-axis S1= 1.63 m      S2= 1.63 m
6. Strut length of x-axis S3= 1.6 m      S4= 1.63 m

7. Angle θ= 45.0 °

8. Brace length Lk= 2.1 m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1.25 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=9.21 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=10.72

800/Fy^0.5=16.33 K×Lby/ry=18.44 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=29.17 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.140

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=1.63 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1728 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=1.63 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=4.57 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=9 Fbx=1980 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=2250 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.260 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.001 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000004 <1/240~~O.K fa/0.6Fy+fb/Fb=0.316 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.264 ≦1.0~~O.K

1. Mx=(Wt+LL)×Lbx²/8=0.21 t-m where
Cm=0.85

Fex'=12π²E/[23(KLx/rx)²]×α=117542 kg/cm²

Fey'=12π²E/[23(KLy/ry)²]×α=39757 kg/cm²

(l)Check shear stress

2. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=1200 kg/cm²

3. V=(Wt+LL)×Lbx/2=0.52 t 2. Computed shear stress fv=V/Aw=12.4 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P'+Ft)/A=449 kg/cm² * According to above analysis, H350×350×12×19 is satisfactory.

Fbx=0.66×Fy×α=1980

Fby=0.75×Fy×α=2250

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=11.08

Ww

P'

S1

L1 L2



S2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-支撐檢核(常時)

Level： 3 (normal condition)

*USE 1 H350×350×12×19

Section properties:
1. Area  A= 173.9 cm2 10. rx= 15.2 cm

2. Unit weight Wt= 0.137 t/m 11. ry= 8.84 cm

3. Depth d= 35 cm 12. Moment of inertia about x-axis Ix= 40300 cm4

4. Thickness of web tw= 1.2 cm 13. Moment of inertia about y-axis Iy= 13600 cm4

5. Width of flange bf= 35 cm 14. Area of flange Af= 66.5 cm2

6. Thickness of flange tf= 1.9 cm 15. Area of web Aw= 42 cm3

7. Section modulus of x-axis Sx= 2300 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 776 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 9.62 cm

Loading conditions:
1. Design loading Ww= 35.4 t/m
2. Analysis spacing S= 1.75 m

3. Axial loading of single strut P= 62.0 t
4. Strut spacing L1= 1.5 m      L2= 2 m

5. Strut length of y-axis S1= 1.63 m      S2= 1.63 m
6. Strut length of x-axis S3= 1.6 m      S4= 1.63 m

7. Angle θ= 45.0 °

8. Brace length Lk= 2.1 m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1.25 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=9.21 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=10.72

800/Fy^0.5=16.33 K×Lby/ry=18.44 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=29.17 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.140

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=1.63 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1728 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=1.63 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=4.57 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=9 Fbx=1980 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=2250 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.306 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.001 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000004 <1/240~~O.K fa/0.6Fy+fb/Fb=0.372 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.310 ≦1.0~~O.K

1. Mx=(Wt+LL)×Lbx²/8=0.21 t-m where
Cm=0.85

Fex'=12π²E/[23(KLx/rx)²]×α=117542 kg/cm²

Fey'=12π²E/[23(KLy/ry)²]×α=39757 kg/cm²

(l)Check shear stress

2. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=1200 kg/cm²

3. V=(Wt+LL)×Lbx/2=0.52 t 2. Computed shear stress fv=V/Aw=12.4 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P'+Ft)/A=529 kg/cm² * According to above analysis, H350×350×12×19 is satisfactory.

Fbx=0.66×Fy×α=1980

Fby=0.75×Fy×α=2250

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=11.08

Ww

P'

S1

L1 L2



S2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-橫擋檢核(常時)

DESIGN OF WALE

A. ： 1 (normal condition) A. ： 2 (normal condition)

B. ： 1 H300×300×10×15 B. ： 1 H400×400×13×21

 

C. Loading conditions C. Loading conditions

1. design loading Ww = 3.8 t/m 1. design loading Ww = 19.4 t/m

2. temperature load Ft = 30 t 2. temperature load Ft = 30 t

3. spacing1 L1 = 1.5 m 3. spacing1 L1 = 1.5 m

4. spacing2 L2 = 2 m 4. spacing2 L2 = 2 m

5. spacing3 (computing P') L3 = 2.5 m 5. spacing3 (computing P') L3 = 2.5 m

6. angle q = 45 ° 6. angle q = 45 °

7. factor of short term loadinga = 1.25 7. factor of short term loadinga = 1.25

D. Section properties (for single wale) D. Section properties (for single wale)

1. area  A = 119.8 cm2 1. area  A = 218.7 cm2

2. depth d = 30 cm 2. depth d = 40 cm

3. thickness of web tw = 1.0 cm 3. thickness of web tw = 1.3 cm

4. section modulus of x axis Sx = 1360 cm3 4. section modulus of x axis Sx = 3330 cm3

5. yielding stress Fy = 2400 kg/cm2 5. yielding stress Fy = 2400 kg/cm2

E. Check capacity E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale 1. compute moment (Mx) of wale & shear force (V) of wale

L' = Max(L1,L2) = 2.00 m L' = Max(L1,L2) = 2.00 m

Mx = Ww×(L')²/8 = 1.9 t-m Mx = Ww×(L')²/8 = 9.7 t-m

V = Ww×L'/2 = 3.8 t V = Ww×L'/2 = 19.4 t

2. compute axial loading (N) 2. compute axial loading (N)

Pw = Ww×L3 = 9.4 Pw = Ww×L3 = 48.6

N = Pw+Ft = 39.4 t N = Pw+Ft = 78.6 t

3. compute allowable axial stress (Fa) & shear stress (Fv) 3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1800 kg/cm2 Fa = 0.6×Fy×a = 1800 kg/cm2

Fv = 0.4×Fy×a = 1200 kg/cm2 Fv = 0.4×Fy×a = 1200 kg/cm2

4. compute axial stress (fa) 4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 467 kg/cm2 fa = (N/A+Mx/Sx) = 651 kg/cm2

fa≦Fa~~O.K fa≦Fa~~O.K

5. compute shear stress (fv) 5. compute shear stress (fv)

fv = V/(d×tw) = 125 kg/cm2 fv = V/(d×tw) = 374 kg/cm2

fv≦Fv~~O.K fv≦Fv~~O.K

According to  above analysis, According to  above analysis,

1 H300×300×10×15 is satisfactory. 1 H400×400×13×21 is satisfactory.

Wale level

Wale type

Wale level

Wale type

Ww

L1 L2



P' P'

L3

Ww

L1 L2



P' P'

L3
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-橫擋檢核(常時)

DESIGN OF WALE

A. ： 3 (normal condition)

B. ： 1 H350×350×12×19

C. Loading conditions

1. design loading Ww = 25.0 t/m

2. temperature load Ft = 30 t

3. spacing1 L1 = 1.5 m

4. spacing2 L2 = 2 m

5. spacing3 (computing P') L3 = 2.5 m

6. angle q = 45 °

7. factor of short term loadinga = 1.25

D. Section properties (for single wale)

1. area  A = 173.9 cm2

2. depth d = 35 cm

3. thickness of web tw = 1.2 cm

4. section modulus of x axis Sx = 2300 cm3

5. yielding stress Fy = 2400 kg/cm2

E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale

L' = Max(L1,L2) = 2.00 m

Mx = Ww×(L')²/8 = 12.5 t-m

V = Ww×L'/2 = 25.0 t

2. compute axial loading (N)

Pw = Ww×L3 = 62.6

N = Pw+Ft = 92.6 t

3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1800 kg/cm2

Fv = 0.4×Fy×a = 1200 kg/cm2

4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 1077 kg/cm2

fa≦Fa~~O.K

5. compute shear stress (fv)

fv = V/(d×tw) = 596 kg/cm2

fv≦Fv~~O.K

According to  above analysis,

1 H350×350×12×19 is satisfactory.

Wale level

Wale type

Ww

L1 L2



P' P'

L3
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 8-鋼板樁剪力彎矩檢核

 DESIGN OF SHEET PILE 

Conditon of sheet pile

1. Properties of sheet pile TYPE 6

Width W= 400 mm

Depth h= 125 mm

Thickness of sheet pile t= 13 mm

Unit weight Wt= 150 kg/m

Section modulus per meter S= 1310 cm3

Yielding Stress Fy=2520kg/cm2

2. Maximun momemnt of sheet pile (Mmax)p= 10.93t-m/m at G.L.- 6.35 m (from RIDO output)

3. Maximun shear force of sheet pile (Vmax)p= 14.63t/m at G.L.- 6 m (from RIDO output)

4. Factor of short term loading   a= 1.2 (1,1.2,1.33,1.5)

(a)Check bending stress of sheet pile (fb)p

1. Reduction of section modulus of sheet pile

Reduction factor    f = 0.9

1179 cm3

2. 927 kg/cm2

3. 1814 kg/cm2

4.

(b)Check shear stress of sheet pile (fv)p

1. 200 kg/cm2

where, L=unit length=1m, Reduction factor f = 0.9

2. 1210 kg/cm2

3.

YSP-Ⅲ is satisfactory.

AWD_V1.0

YSP-Ⅲ

(fv)p<(Fv)p~~O.K

*Accoring to above analysis,

S'=f*S=

(fb)p=(Mmax)p/S'=

(fb)p<(Fb)p~~O.K

(Fv)p=a*0.4Fy=

(Fb)p=a*0.6Fy=

(fv)p=(Vmax)p/[f*(L/W)*(h*t*2)]=
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1-10 工作井開挖擋土支撐TYPE 9

▪ 開挖支撐施工流程圖

▪ 擋土壁貫入深度分析

▪ 開挖擋土穩定分析檢核

▪ RIDO分析之水壓力分布圖

▪擋土及支撐系統分析設計

· RIDO分析參數

· RIDO輸入、出資料(常時)

· 支撐系統檢核綜合表

· 支撐檢核(常時)

· 橫擋檢核(常時)

· 鋼鈑樁彎矩及剪力強度檢核
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11開挖擋土支撐施工程序

工序 工　程　項　目

1 打設鋼板樁

2 開挖至1.4m/降水至1.4m
3 第1階支撐架設/GL.-0.7m
4 開挖至4.7m/降水至4.7m
5 第2階支撐架設/GL.-4m
6 開挖至7m/降水至8m
7 回填至4.7m
8 拆除第2階支撐
9 回填至1.4m

10 拆除第1階支撐
11 回填至0m
12
13

註：擋土壁深度=12m

第1撐 GL.-0.7m

第2撐 GL.-4m

////////
GL.+0m

////////
GL.-1.4m

////////
GL.-4.7m

////////
GL.-7m

////////
GL.-4.7m (回填)

////////
GL.-1.4m (回填)

////////
GL.-0m (回填)

GL.-3.1m

GL.-1.4m

GL.-4.7m

GL.-8m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11貫入深度檢核(側向力平衡)

擋土側主動土壓力計算：

D1 D2 gt c' f' Su1 Su2 sva1 sva2 s'va1 s'va2 sa1 sa2 Pa La Ma

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - 0.423 0.65 0.00 2.64 0.00 2.64 - - - - -

2 ML 1.30 3.10 D 1.79 0.00 26.00 - - - 0.452 0.67 2.64 5.86 2.64 5.86 - - - - -

2 ML 3.10 4.00 D 1.79 0.00 26.00 - - - 0.452 0.67 5.86 7.47 5.86 6.91 - - - - -

2 ML 4.00 6.20 D 1.79 0.00 26.00 - - - 0.452 0.67 7.47 11.41 6.91 9.49 3.13 4.29 8.16 1.16 9.44

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - - 0.408 0.64 11.41 12.85 9.4910.43 3.87 4.26 3.25 2.61 8.48

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - - 0.408 0.64 12.85 14.65 10.43 11.61 4.26 4.74 4.50 3.5115.79

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - - 0.408 0.64 14.65 20.59 11.61 15.50 4.74 6.33 18.27 5.73104.65

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - - 0.381 0.62 20.59 21.91 15.50 16.39 5.90 6.24 4.25 7.6532.53

註：(1)主動側土壓力係數採用Rankine；牆土粘滯力採用cw'=αc'或cw= αSu SMa= 170.89

　　(2)土壤有效應力之計算方式為土壤總應力扣除擋土側滲流後之水壓

開挖側被動土壓力計算：

D1 D2 gt c' f' Su1 Su2 svp1 svp2 s'vp1 s'vp2 sp1 sp2 Pp Lp Mp

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - 3.254 1.80 - - - - - - - - -

2 ML 1.30 3.10 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

2 ML 3.10 4.00 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

2 ML 4.00 6.20 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - - 3.436 1.85 - - - - - - - - -

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - - 3.436 1.85 0.00 1.80 0.00 1.80 0.00 6.18 3.09 3.6711.34

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - - 3.436 1.85 1.80 7.74 1.80 3.19 6.18 10.95 28.27 5.80164.03

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - - 3.845 1.96 7.74 9.06 3.193.54 12.25 13.63 9.06 7.6669.35

註：(1)被動側土壓力係數採用Coulomb，d=1/2f'；牆土粘滯力採用cw'=αc'或cw= αSu SMp= 244.72

　　(2)土壤有效應力之計算方式為土壤總應力扣除開挖側滲流後之水壓

水壓力計算：

D1 D2 swa1 swa2 sia1 sia2 ua1 ua2 swp1 swp2 sip1 sip2 up1 up2 Pwa Lwa Mwa Pwp Lwp Mwp

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m) (t/m) (m) (t-m/m)

0.00 1.30 D - - - - - - - - - - - - - - - - - - -

1.30 3.10 D H - - - - - - - - - - - - - - - - - -

3.10 4.00 D H 0.00 0.90 0.00-0.34 0.00 0.56 - - - - - - - - - - - -

4.00 6.20 D H 0.90 3.10 -0.34 -1.18 0.56 1.92 - - - - - - 2.73 1.30 3.55 0.00 - 0.00

6.20 7.00 D H 3.10 3.90 -1.18 -1.48 1.92 2.42 - - - - - - 1.74 2.62 4.54 0.00 - 0.00

7.00 8.00 D H 3.90 4.90 -1.48 -1.86 2.42 3.04 - - - - - - 2.73 3.52 9.60 0.00 - 0.00

8.00 11.30 D H 4.90 8.20 -1.86 -3.11 3.04 5.09 0.00 3.30 0.00 1.25 0.00 4.55 13.40 5.79 77.59 7.51 6.20 46.58

11.30 12.00 D H 8.20 8.90-3.11 -3.38 5.09 5.52 3.30 4.00 1.25 1.52 4.55 5.52 3.71 7.65 28.41 3.53 7.66 27.01

註：擋土側地下水位在地表面下3.1m，開挖側地下水位在開挖面下-1m SMwa= 123.70 SMwp= 73.59

超載引起之側向力計算：

D1 D2 sqa1 sqa2 sqp1 sqp2 sqn1 sqn2 Pqh Lqh Mqh

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

0.00 1.30 0.63 0.63 - - - - - - -

1.30 3.10 0.68 0.68 - - - - - - -

3.10 4.00 0.68 0.68 - - - - - - -

4.00 6.20 0.68 0.68 - - 0.68 0.68 1.49 1.10 1.64

6.20 7.00 0.61 0.61 - - 0.61 0.61 0.49 2.60 1.27

7.00 8.00 0.61 0.61 - - 0.61 0.61 0.61 3.50 2.14

8.00 11.30 0.61 0.61 - - 0.61 0.61 2.02 5.65 11.42

11.30 12.00 0.57 0.57 - - 0.57 0.57 0.40 7.65 3.06
SMqh= 19.53

Kph Kpch

KachKah

地層

編號

地層

代號

排水

類型
α

地層

編號

地層

代號

排水

類型
α

排水

類型

滲流

方式

側向力平衡檢核：

     (ΣMp+ΣMwp+Ms) ≧(ΣMa+ΣMwa+ΣMqh)
     (244.72+73.59+0)≧(170.89+123.7+19.53)

      318.31≧314.12 ~~O.K！

     需求Fs=1.197137
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11貫入深度檢核(塑性隆起)

潛在破壞面抗剪力計算(1)：
D1 D2 gt c' f' Su1 Su2 q1 q2 W Lc Mc s'va1/sva1 s'va2/sva2 s'vp1/svp1 s'vp2/svp2 ∫tsads∫tspds

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (deg.) (deg.) (t/m) (m) (t-m/m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (t/m)
1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - - 21.11 4.00 84.45 0.00 2.64- - - -

2 ML 1.30 3.10 U 1.79 - - 2.00 2.00 - - 25.78 4.00103.10 2.64 5.86 - - - -

2 ML 3.10 4.00 U 1.79 - - 2.00 2.00 - - 12.89 4.00 51.55 5.86 7.47 - - - -

2 ML 4.00 6.20 U 1.79 - - 2.00 2.00 0.00 15.96 31.10 3.95122.84 7.47 11.41 - - 4.46 -

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - 15.96 22.02 10.89 3.78 41.179.49 10.43 - - 1.95 -

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - 22.02 30.00 - - - 10.43 11.61 0.00 1.80 3.23 2.11

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - 30.00 65.85 - - - 11.61 15.501.80 3.19 27.31 17.73

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - 65.85 90.00 - - - 15.50 16.39 3.19 3.54 31.36 8.54
註：(1)∫tsads=C1aI1a+C2aI2a+C3aI3a+C4aI4a，∫tspds=C1pI1p+C2pI2p+C3pI3p+C4pI4p SMc= 403.12

　　(2)∫tsds=∫tsads+∫tspds

潛在破壞面抗剪力計算(2)：
D1 D2 C1a C2a C3a C4a I1a I2a I3a I4a C1p C2p C3p C4p I1p I2p I3p I4p

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (m) (m) (m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (m) (m) (m) (m)
1 SF 0.00 1.30 D - - - - - - - - - - - - - - - -

2 ML 1.30 3.10 U - - - - - - - - - - - - - - - -

2 ML 3.10 4.00 U - - - - - - - - - - - - - - - -

2 ML 4.00 6.20 U 2.00 0.00 0.00 0.00 2.23 0.31 2.12 0.28 - - - - - - - -

3 SM 6.20 7.00 D 2.57 3.52-1.25 -1.71 0.85 0.28 0.67 0.22 - - - - - - - -

3 SM 7.00 8.00 D 2.57 3.52-1.25 -1.71 1.11 0.49 0.68 0.30 -8.21 21.90 -5.22 13.92 1.11 0.49 0.68 0.30

3 SM 8.00 11.30 D 2.57 3.52-1.25 -1.71 5.01 3.66 -0.48 -0.56 0.18 5.11 0.12 3.25 5.01 3.66-0.48 -0.56 

4 SM 11.30 12.00 D 2.47 4.03-1.27 -2.08 3.37 3.27 -2.99 -2.91 -0.99 7.55 -0.67 5.10 3.37 3.27 -2.99 -2.91 
註：以有效應力法計算潛在滑動面抗剪力時，擋土側及開挖側之側向土壓力係數分別採用Ka及Kp

超載引起之垂直力計算：

D1 D2 Qv Pqv Lqv Mqv

(m) (m) (t/m2) (t/m) (t) (t-m/m)

0.00 8.00 1.50 12.00 4.00 48.00
SMqv= 48.00

地層

編號

地層

代號

地層

編號

地層

代號

排水

類型

排水

類型

FS=[∫tsds×(DL-DS)]/(SMc+SMqv)

     =(96.68×8)/(403.12+48)

     =1.71≧1.2~~O.K！

塑性隆起檢核：

 ∫tsads +∫tspds= 96.68
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11上舉檢核

式中

gti= 不透水層底面以上之各土層土壤總單位重(t/m3)
hi= 不透水層底面以上之各土層厚度(m)

Uw= 透水層頂部之水壓力(t/m2)

上舉破壞界面：ML & SM (GL.-14m)

開挖 開挖深度 界面水頭 Uw Sgtihi

階段 (GL.m) (GL.m) (t/m2) (t/m2)
1 -1.40 -3.10 10.90 23.817 2.19 FS≧1.20，OK！
2 -4.70 -3.10 10.90 17.646 1.62 FS≧1.20，OK！
3 -7.00 -3.10 10.90 13.300 1.22 FS≧1.20，OK！

FS = 
Sgti×hi

Uw
≧ 1.20

FS 檢核結果

t2

水壓力Uw 透水層

不透水層

t1

h2

h1
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11砂湧檢核

式中

gsub= 砂質土壤之有效單位重(t/m3)
gw= 地下水之單位重(t/m3)
D= 擋土設施之貫入深度(m)

DHw= 擋土設施內外兩側之水頭差(m)

地下水位 GL.-3.50m，擋土壁長=13.00m

開挖 開挖深度 DHw D gsubD gsubDHw

階段 (GL.m) (m) (m) (t/m2) (t/m2)
1 -1.40 - 11.60 - - - - 水位低於開挖面，不需檢核！

2 -4.70 1.20 8.30 - - - - 開挖面下含粘性地層，不需檢核！

3 -7.00 3.50 6.00 5.400 3.090 3.09 3.97 FS1≧1.5，FS2≧2，OK！

FS1 =
2gsubD

gwDHw
≧ 1.50 FS2 =

FS1

≧ 2.00
gsub(DHw+2D)

gwDHw

FS2 檢核結果

不透水層

sub

Hw

D
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-G11 RIDO分析之水壓分佈

　　  註：水壓力正值為擋土側，負值為開挖側

-3.10 

-8.90 

3.10 

8.90 

////////
GL.-0m

GL.-3.1m

-4.80 

-10.60 

3.10 

8.90 

////////
GL.-1.4m GL.-1.4m

-1.50 

-7.30 

3.10 

8.90 

////////
GL.-4.7m GL.-4.7m

-6.00 

3.10 

6.00 

////////
GL.-7m

GL.-8m

1.3

SF

6.2

ML

11.3

SM

12

SM

0

5

10

(Excavated Side)               Water Pressure (t/m2) (Retained Side)

－

1st

2n
d

3rd
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-RIDO分析參數表

1 土層設計參數表

土層分類 深度 gt g' Ka Ko Kp c' f' Su Da Db Kh

(地層) (m) (t/m3) (t/m3) (t/m2) (o) (t/m2) (t/m3)
SF 1.30 2.03 1.03 0.361 0.531 4.197 0.0 28 0.0 1 1 1560
ML 6.20 1.79 0.79 1.000 1.000 1.000 2.0 3 2.0 1 1 500
SM 11.30 1.80 0.80 0.347 0.515 4.487 0.0 29 0.0 1 1 840
SM 20.00 1.89 0.89 0.320 0.485 5.160 0.0 31 0.0 1 1 2160

Ka採Rankine土壓力係數

Kp採Coulomb土壓力係數，d=1f'/2

2 2.鋼板樁資料

擋土結構長度 = 12 m
鋼板樁型式 = YSP-III m
EcI折減係數f2 0.7
Ec 21000000 t/m2 150000(f1fc')

1/2

慣性矩I 0.000164 m4 1/12×b×h3(b=1m)
f2EcI 2411 t-m2 f2EcI

3 初始水位面 3.1 m

4 超載 深度 起始距離 終結距離 載重值

地表/鄰房超載 0 0 20 1.5 t/m2

5 鋼支撐勁度

Es 21000000 t/m2

Lx1 4.3 m Strut1
Lx1' 4.3 m 等值長度=Lx1

Lx2 4.3 m Strut2
Lx2' 4.3 m 等值長度=Lx2

折減係數f 0.7

型鋼性質 A(cm2) Wt(kg/m) rx(cm) ry(cm) fEsA/Lx1' fEsA/Lx2'

H300×300×10×15 119.8 94.0 13.1 7.51 40955 40955
H350×350×12×19 173.9 137.0 15.2 8.84 59450 59450

各層支撐 支撐型式 深度 間距 預力 勁度

H300×300×10×15 順撐 0.7 3.5 10 81910 t/m
H350×350×12×19 順撐 4 3.5 50 118899 t/m

擋土壁壁體變位與受力分析參數(RIDO)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-RIDO輸入檔(常時)

J241107-G13 *FA60L*
*File Name : G13strut_N.RIO
*Retaining Wall
0
*D    EI
12    2411
0
*Soil Data
*D    rt    r'    Ka    Ko    Kp    c     phi   Da    Db    Re    Rp
1.3   2.03  1.03  0.361 0.531 4.197 0     28    0.5    0.5   1560  0
6.2   1.79  0.79  1     1     1     2     3     0.5    0.5   500   0
11.3  1.8   0.8   0.347 0.515 4.487 0     29    0.5    0.5   840   0
20    1.89  0.89  0.32  0.485 5.16  0     31    0.5    0.5   2160  0
*GWL
3.1   0.5
*Surcharge
SUB(2)0     0     20    1.5
*Phase 1 : Excavate to 1.4m ; 
WAT(1)1.4   0
WAT(1)6.2   0     4.8
WAT(1)12    10.6
WAT(2)3.1   0
WAT(2)6.2   0     3.1
WAT(2)12    8.9
EXC(1)1.4
CAL(2)
*Phase 2 : Install a Strut at 0.7m - H300×300×10×15  (No.1) ; 
BUT(2)0.7   3.5   0     10    81910
CAL(2)
*Phase 3 : Excavate to 4.7m ; 
WAT(1)4.7   0
WAT(1)6.2   0     1.5
WAT(1)12    7.3
WAT(2)3.1   0
WAT(2)6.2   0     3.1
WAT(2)12    8.9
EXC(1)4.7
CAL(2)
*Phase 4 : Install a Strut at 4m - H350×350×12×19 ( No.2) ; 
BUT(2)4     3.5   0     40    118899
CAL(2)
*Phase 5 : Excavate to 7m ; 
WAT(1)8     0
WAT(1)12    6
WAT(2)3.1   0
WAT(2)6.2   0     3.1
WAT(2)12    6
EXC(1)7
CAL(2)
*Phase 6 : 
REM(1) 4.7
7.0 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 7 : Remove the Strut (No.2) ; 
BUT(0,2)
CAL(2)
*Phase 8 : 
REM(1) 1.4
4.7 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 9 : Remove the Strut (No.1) ; 
BUT(0,1)
CAL(2)
*Phase 10 : 
REM(1) 0
1.4 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
END
EVP
STA
STOP
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-分析結果(常時)

Strut-1 Strut-2
0.7 (m) 4 (m)

Phase 1 -9.1 0.0 -1.6 0.3 -1.6 0.9 0.0 0.0
Phase 2 -7.3 0.0 -1.0 0.4 -1.9 1.0 10.0 10.0 0.2
Phase 3 -17.8 0.0 -2.6 6.8 -3.7 4.1 21.1 21.1 0.4
Phase 4 -11.9 0.0 -1.2 3.2 -7.0 7.3 18.3 50.0 68.3 1.4
Phase 5 -27.0 0.0 -12.4 11.8 -11.7 16.9 9.8 100.2 110.0 2.2
Phase 6 -25.7 0.6 -11.7 11.4 -11.4 16.5 10.3 97.6 107.9 2.2
Phase 7 -36.1 1.4 -1.9 10.4 -4.2 5.1 24.9 24.9 0.5
Phase 8 -34.0 1.3 -2.5 9.5 -3.6 5.0 23.8 23.8 0.5
Phase 9 -33.1 1.3 -2.4 6.5 -2.6 4.5 0.0 0.0

Phase 10 -32.2 1.7 -2.6 6.4 -2.8 4.5 0.0 0.0

最小值/最大值 -36.1 1.7 -12.4 11.8 -11.7 16.9 24.9 100.2
支撐預力(ton) 10.0 50.0
預力/最大軸力 40% 50%

施工

步驟 最大值 最小值 最大值

分析變位(mm) 分析彎矩(t-m/m)

最小值

分析剪力(t/m)

最大值最小值 2% Sum

支撐軸力合計(ton)

Sum

支撐位置(m) / 支撐軸力(ton)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-RIDO分析結果圖(常時)

最終開挖面

最下階支撐拆除
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-RIDO分析結果圖(常時)

分析結果圖
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-支撐系統檢核綜合表

支撐系統受力檢核假設條件：

水平支撐

編號 深度(m) 型式 間距(m) 預力(t) 常時 0 0 最大軸力 容許軸力 最大軸力 容許軸力 檢核結果

1 0.70 1H300×300×10×15 順撐 3.50 10.0 24.9 19.4 19.4 24.9 162.8 162.8 OK
2 4.00 1H350×350×12×19 順撐 3.50 50.0 100.2 111.1 111.1 100.2 242.3 242.3 OK

橫　　檔 角　　撐

編號 深度(m) 自重(t/m) Ww(t/m) M(t-m) V(t) Ww(t/m) M(t-m) V(t) 檢核結果 檢核結果

1 0.70 1H350×350×12×19 0.137 7.1 8.7 12.4 5.5 6.8 9.7 OK -
2 4.00 1H400×400×13×21 0.172 28.6 35.1 50.1 31.7 38.9 55.5 OK -

111.1

            -

19.4

9.橫檔設計荷重Ww=支撐軸力(RIDO輸出值)/支撐分析間距

短期(t)

10.短期分析軸力為0分析軸力及0分析軸力之最大值

常時(t)

4.強軸最大無支撐長度為2.69m

8.支撐溫度荷重Ft假設為30ton

6.支撐分析間距S採2.2m
7.支撐假設活載重LL採0.5t/m2

1.鋼材楊氏模數採2100000kg/cm2；鋼材降伏強度採2400kg/cm2

2.支撐常時分析時容許應力採1；短期分析時容許應力採1.25
3.橫檔常時分析時容許應力採1；短期分析時容許應力採1.25

5.弱軸最大無支撐長度為2.69m

水平支撐資料 RIDO分析軸力(t)

橫檔資料 常時(t) 短期(t)

H型鋼型式

            -
H型鋼型式
角撐資料

H型鋼型式
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-支撐檢核(常時)

Level： 1 (normal condition)

*USE 1 H300×300×10×15

Section properties:
1. Area  A= 119.8 cm2 10. rx= 13.1 cm

2. Unit weight Wt= 0.094 t/m 11. ry= 7.51 cm

3. Depth d= 30 cm 12. Moment of inertia about x-axis Ix= 20400 cm4

4. Thickness of web tw= 1 cm 13. Moment of inertia about y-axis Iy= 6750 cm4

5. Width of flange bf= 30 cm 14. Area of flange Af= 45 cm2

6. Thickness of flange tf= 1.5 cm 15. Area of web Aw= 30 cm3

7. Section modulus of x-axis Sx= 1360 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 450 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 8.22 cm

Loading conditions:
1. Design loading Ww= 7.1 t/m
2. Analysis spacing S= 3.5 m

3. Axial loading of single strut P= 24.9 t
4. Strut spacing L1= - m      L2= 3.5 m

5. Strut length of y-axis S1= 4.3 m      S2= 4.3 m
6. Strut length of x-axis S3= 4.3 m      S4= 4.3 m

7. Angle θ= 45.0 °

8. Brace length Lk= - m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1.25 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=10.00 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=32.82

800/Fy^0.5=16.33 K×Lby/ry=57.26 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=30.00 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.436

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=4.3 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1492 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=4.3 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=3.92 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lc<Lby≦Lu      
~no lateral torsional buckling        (j)Check beam behavior

6. Lc<Lbx≦Lu      1. fbx=Mx/Sx=101 Fbx=1800 kg/cm²

~no lateral torsional buckling        2. fby=My/Sy=0 Fby=1800 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lc<Lby≦Lu & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.307 >0.15

2. Lc<Lbx≦Lu & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.062 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000144 <1/240~~O.K fa/0.6Fy+fb/Fb=0.374 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.356 ≦1.0~~O.K

1. Ms=(Wt+LL)×Lbx²/8=1.37 t-m where
2. Mb=0 t-m Cm=0.85

(∵no bracing) Fex'=12π²E/[23(KLx/rx)²]×α=12546 kg/cm²

m Fey'=12π²E/[23(KLy/ry)²]×α=4123 kg/cm²

m
3. Mx=Ms+Mb=1.37 t-m (l)Check shear stress

4. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=1200 kg/cm²

5. V=(Wt+LL)×Lbx/2=1.28 t 2. Computed shear stress fv=V/Aw=42.6 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P+Ft)/A=458 kg/cm² * According to above analysis, H300×300×10×15 is satisfactory.

Fbx=0.6×Fy×α=1800

Fby=0.6×Fy×α=1800

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=8.75

Ww

P P

S1

S2

L2

P

 1-10-14 N:\24\241107台南海水淡化\Analysis\Rido\03 基設審查後修正\工作井G11_5x12，H=7m直撐\Strut1.02-G11.xls



Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-支撐檢核(常時)

Level： 2 (normal condition)

*USE 1 H350×350×12×19

Section properties:
1. Area  A= 173.9 cm2 10. rx= 15.2 cm

2. Unit weight Wt= 0.137 t/m 11. ry= 8.84 cm

3. Depth d= 35 cm 12. Moment of inertia about x-axis Ix= 40300 cm4

4. Thickness of web tw= 1.2 cm 13. Moment of inertia about y-axis Iy= 13600 cm4

5. Width of flange bf= 35 cm 14. Area of flange Af= 66.5 cm2

6. Thickness of flange tf= 1.9 cm 15. Area of web Aw= 42 cm3

7. Section modulus of x-axis Sx= 2300 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 776 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 9.62 cm

Loading conditions:
1. Design loading Ww= 28.6 t/m
2. Analysis spacing S= 3.5 m

3. Axial loading of single strut P= 100.2 t
4. Strut spacing L1= - m      L2= 3.5 m

5. Strut length of y-axis S1= 4.3 m      S2= 4.3 m
6. Strut length of x-axis S3= 4.3 m      S4= 4.3 m

7. Angle θ= 45.0 °

8. Brace length Lk= - m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1.25 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=9.21 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=28.29

800/Fy^0.5=16.33 K×Lby/ry=48.64 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=29.17 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.370

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=4.3 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1553 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=4.3 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=4.57 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=64 Fbx=1980 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=2250 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.482 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.034 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000078 <1/240~~O.K fa/0.6Fy+fb/Fb=0.552 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.511 ≦1.0~~O.K

1. Ms=(Wt+LL)×Lbx²/8=1.47 t-m where
2. Mb=0 t-m Cm=0.85

(∵no bracing) Fex'=12π²E/[23(KLx/rx)²]×α=16890 kg/cm²

m Fey'=12π²E/[23(KLy/ry)²]×α=5713 kg/cm²

m
3. Mx=Ms+Mb=1.47 t-m (l)Check shear stress

4. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=1200 kg/cm²

5. V=(Wt+LL)×Lbx/2=1.37 t 2. Computed shear stress fv=V/Aw=32.6 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P+Ft)/A=749 kg/cm² * According to above analysis, H350×350×12×19 is satisfactory.

Fbx=0.66×Fy×α=1980

Fby=0.75×Fy×α=2250

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=11.08

Ww

P P

S1

S2

L2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-橫擋檢核(常時)

DESIGN OF WALE

A. ： 1 (normal condition) A. ： 2 (normal condition)

B. ： 1 H350×350×12×19 B. ： 1 H400×400×13×21

 

C. Loading conditions C. Loading conditions

1. design loading Ww = 7.1 t/m 1. design loading Ww = 28.6 t/m

2. temperature load Ft = 30 t 2. temperature load Ft = 30 t

3. spacing1 L1 = - m 3. spacing1 L1 = - m

4. spacing2 L2 = 3.5 m 4. spacing2 L2 = 3.5 m

5. spacing3 (computing P') L3 = 2.5 m 5. spacing3 (computing P') L3 = 2.5 m

6. angle q = 45 ° 6. angle q = 45 °

7. factor of short term loadinga = 1.25 7. factor of short term loadinga = 1.25

D. Section properties (for single wale) D. Section properties (for single wale)

1. area  A = 173.9 cm2 1. area  A = 218.7 cm2

2. depth d = 35 cm 2. depth d = 40 cm

3. thickness of web tw = 1.2 cm 3. thickness of web tw = 1.3 cm

4. section modulus of x axis Sx = 2300 cm3 4. section modulus of x axis Sx = 3330 cm3

5. yielding stress Fy = 2400 kg/cm2 5. yielding stress Fy = 2400 kg/cm2

E. Check capacity E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale 1. compute moment (Mx) of wale & shear force (V) of wale

L' = L2 = 3.50 m L' = L2 = 3.50 m

Mx = Ww×(L')²/10 = 8.7 t-m Mx = Ww×(L')²/10 = 35.1 t-m

V = Ww×L'/2 = 12.4 t V = Ww×L'/2 = 50.1 t

2. compute axial loading (N) 2. compute axial loading (N)

Pw = Ww×L3 = 17.8 Pw = Ww×L3 = 71.6

N = Pw+Ft = 47.8 t N = Pw+Ft = 101.6 t

3. compute allowable axial stress (Fa) & shear stress (Fv) 3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1800 kg/cm2 Fa = 0.6×Fy×a = 1800 kg/cm2

Fv = 0.4×Fy×a = 1200 kg/cm2 Fv = 0.4×Fy×a = 1200 kg/cm2

4. compute axial stress (fa) 4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 653 kg/cm2 fa = (N/A+Mx/Sx) = 1518 kg/cm2

fa≦Fa~~O.K fa≦Fa~~O.K

5. compute shear stress (fv) 5. compute shear stress (fv)

fv = V/(d×tw) = 296 kg/cm2 fv = V/(d×tw) = 964 kg/cm2

fv≦Fv~~O.K fv≦Fv~~O.K

According to  above analysis, According to  above analysis,

1 H350×350×12×19 is satisfactory. 1 H400×400×13×21 is satisfactory.

Wale level

Wale type

Wale level

Wale type

Ww

L3
L2

P' P'

Ww

L3
L2

P' P'
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 1-鋼板樁剪力彎矩檢核

 DESIGN OF SHEET PILE 

Conditon of sheet pile

1. Properties of sheet pile TYPE 6

Width W= 400 mm

Depth h= 125 mm

Thickness of sheet pile t= 13 mm

Unit weight Wt= 150 kg/m

Section modulus per meter S= 1310 cm3

Yielding Stress Fy=2520kg/cm2

2. Maximun momemnt of sheet pile (Mmax)p= 12.4 t-m/m at G.L.- 4 m (from RIDO output)

3. Maximun shear force of sheet pile (Vmax)p= 16.92t/m at G.L.- 4 m (from RIDO output)

4. Factor of short term loading   a= 1.2 (1,1.2,1.33,1.5)

(a)Check bending stress of sheet pile (fb)p

1. Reduction of section modulus of sheet pile

Reduction factor    f = 0.9

1179 cm3

2. 1052 kg/cm2

3. 1814 kg/cm2

4.

(b)Check shear stress of sheet pile (fv)p

1. 231 kg/cm2

where, L=unit length=1m, Reduction factor f = 0.9

2. 1210 kg/cm2

3.

YSP-Ⅲ is satisfactory.

AWD_V1.0

YSP-Ⅲ

(fv)p<(Fv)p~~O.K

*Accoring to above analysis,

S'=f*S=

(fb)p=(Mmax)p/S'=

(fb)p<(Fb)p~~O.K

(Fv)p=a*0.4Fy=

(Fb)p=a*0.6Fy=

(fv)p=(Vmax)p/[f*(L/W)*(h*t*2)]=
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1-11 工作井開挖擋土支撐TYPE 10

▪ 開挖支撐施工流程圖

▪ 擋土壁貫入深度分析

▪ 開挖擋土穩定分析檢核

▪ RIDO分析參數

▪ RIDO分析之水壓力分布圖

▪擋土及支撐系統分析設計

· RIDO輸入、出資料(常時)

· 支撐系統檢核綜合表

· 支撐檢核(常時)

· 橫擋檢核(常時)

· 鋼鈑樁彎矩及剪力強度檢核
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-施工程序

工序 工　程　項　目

1 打設鋼板樁

2 開挖至1.4m/降水至1.4m
3 第1階支撐架設/GL.-0.7m
4 開挖至4.7m/降水至4.7m
5 第2階支撐架設/GL.-4m
6 開挖至7m/降水至8m
7 回填至4.7m
8 拆除第2階支撐
9 回填至1.4m

10 拆除第1階支撐
11 回填至0m
12
13

註：擋土壁深度=12m

第1撐 GL.-0.7m

第2撐 GL.-4m

////////
GL.+0m

////////
GL.-1.4m

////////
GL.-4.7m

////////
GL.-7m

////////
GL.-4.7m (回填)

////////
GL.-1.4m (回填)

////////
GL.-0m (回填)

GL.-3.1m

GL.-1.4m

GL.-4.7m

GL.-8m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-貫入深度檢核(側向力平衡)

擋土側主動土壓力計算：

D1 D2 gt c' f' Su1 Su2 sva1 sva2 s'va1 s'va2 sa1 sa2 Pa La Ma

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - 0.423 0.65 0.00 2.64 0.00 2.64 - - - - -

2 ML 1.30 3.10 D 1.79 0.00 26.00 - - - 0.452 0.67 2.64 5.86 2.64 5.86 - - - - -

2 ML 3.10 4.00 D 1.79 0.00 26.00 - - - 0.452 0.67 5.86 7.47 5.86 6.91 - - - - -

2 ML 4.00 6.20 D 1.79 0.00 26.00 - - - 0.452 0.67 7.47 11.41 6.91 9.49 3.13 4.29 8.16 1.16 9.44

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - - 0.408 0.64 11.41 12.85 9.4910.43 3.87 4.26 3.25 2.61 8.48

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - - 0.408 0.64 12.85 14.65 10.43 11.61 4.26 4.74 4.50 3.5115.79

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - - 0.408 0.64 14.65 20.59 11.61 15.50 4.74 6.33 18.27 5.73104.65

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - - 0.381 0.62 20.59 21.91 15.50 16.39 5.90 6.24 4.25 7.6532.53

註：(1)主動側土壓力係數採用Rankine；牆土粘滯力採用cw'=αc'或cw= αSu SMa= 170.89

　　(2)土壤有效應力之計算方式為土壤總應力扣除擋土側滲流後之水壓

開挖側被動土壓力計算：

D1 D2 gt c' f' Su1 Su2 svp1 svp2 s'vp1 s'vp2 sp1 sp2 Pp Lp Mp

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - 3.254 1.80 - - - - - - - - -

2 ML 1.30 3.10 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

2 ML 3.10 4.00 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

2 ML 4.00 6.20 D 1.79 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - - 3.436 1.85 - - - - - - - - -

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - - 3.436 1.85 0.00 1.80 0.00 1.80 0.00 6.18 3.09 3.6711.34

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - - 3.436 1.85 1.80 7.74 1.80 3.19 6.18 10.95 28.27 5.80164.03

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - - 3.845 1.96 7.74 9.06 3.193.54 12.25 13.63 9.06 7.6669.35

註：(1)被動側土壓力係數採用Coulomb，d=1/2f'；牆土粘滯力採用cw'=αc'或cw= αSu SMp= 244.72

　　(2)土壤有效應力之計算方式為土壤總應力扣除開挖側滲流後之水壓

水壓力計算：

D1 D2 swa1 swa2 sia1 sia2 ua1 ua2 swp1 swp2 sip1 sip2 up1 up2 Pwa Lwa Mwa Pwp Lwp Mwp

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m) (t/m) (m) (t-m/m)

0.00 1.30 D - - - - - - - - - - - - - - - - - - -

1.30 3.10 D H - - - - - - - - - - - - - - - - - -

3.10 4.00 D H 0.00 0.90 0.00-0.34 0.00 0.56 - - - - - - - - - - - -

4.00 6.20 D H 0.90 3.10 -0.34 -1.18 0.56 1.92 - - - - - - 2.73 1.30 3.55 0.00 - 0.00

6.20 7.00 D H 3.10 3.90 -1.18 -1.48 1.92 2.42 - - - - - - 1.74 2.62 4.54 0.00 - 0.00

7.00 8.00 D H 3.90 4.90 -1.48 -1.86 2.42 3.04 - - - - - - 2.73 3.52 9.60 0.00 - 0.00

8.00 11.30 D H 4.90 8.20 -1.86 -3.11 3.04 5.09 0.00 3.30 0.00 1.25 0.00 4.55 13.40 5.79 77.59 7.51 6.20 46.58

11.30 12.00 D H 8.20 8.90-3.11 -3.38 5.09 5.52 3.30 4.00 1.25 1.52 4.55 5.52 3.71 7.65 28.41 3.53 7.66 27.01

註：擋土側地下水位在地表面下3.1m，開挖側地下水位在開挖面下-1m SMwa= 123.70 SMwp= 73.59

超載引起之側向力計算：

D1 D2 sqa1 sqa2 sqp1 sqp2 sqn1 sqn2 Pqh Lqh Mqh

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

0.00 1.30 0.63 0.63 - - - - - - -

1.30 3.10 0.68 0.68 - - - - - - -

3.10 4.00 0.68 0.68 - - - - - - -

4.00 6.20 0.68 0.68 - - 0.68 0.68 1.49 1.10 1.64

6.20 7.00 0.61 0.61 - - 0.61 0.61 0.49 2.60 1.27

7.00 8.00 0.61 0.61 - - 0.61 0.61 0.61 3.50 2.14

8.00 11.30 0.61 0.61 - - 0.61 0.61 2.02 5.65 11.42

11.30 12.00 0.57 0.57 - - 0.57 0.57 0.40 7.65 3.06
SMqh= 19.53

     (244.72+73.59+0)≧(170.89+123.7+19.53)

      318.31≧314.12 ~~O.K！

     需求Fs=1.197137

排水

類型
α

排水

類型

滲流

方式

側向力平衡檢核：

     (ΣMp+ΣMwp+Ms) ≧(ΣMa+ΣMwa+ΣMqh)

Kph Kpch

KachKah

地層

編號

地層

代號

排水

類型
α

地層

編號

地層

代號

 1-11-3N:\24\241107台南海水淡化\Analysis\Rido\03 基設審查後修正\工作井G12_5x5，H=7m\WaLeD2024R1-G12.xls



Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-貫入深度檢核(塑性隆起)

潛在破壞面抗剪力計算(1)：
D1 D2 gt c' f' Su1 Su2 q1 q2 W Lc Mc s'va1/sva1 s'va2/sva2 s'vp1/svp1 s'vp2/svp2 ∫tsads∫tspds

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (deg.) (deg.) (t/m) (m) (t-m/m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (t/m)
1 SF 0.00 1.30 D 2.03 0.00 28.00 - - - - 21.11 4.00 84.45 0.00 2.64- - - -

2 ML 1.30 3.10 U 1.79 - - 2.00 2.00 - - 25.78 4.00103.10 2.64 5.86 - - - -

2 ML 3.10 4.00 U 1.79 - - 2.00 2.00 - - 12.89 4.00 51.55 5.86 7.47 - - - -

2 ML 4.00 6.20 U 1.79 - - 2.00 2.00 0.00 15.96 31.10 3.95122.84 7.47 11.41 - - 4.46 -

3 SM 6.20 7.00 D 1.80 0.00 29.00 - - 15.96 22.02 10.89 3.78 41.179.49 10.43 - - 1.95 -

3 SM 7.00 8.00 D 1.80 0.00 29.00 - - 22.02 30.00 - - - 10.43 11.61 0.00 1.80 3.23 2.11

3 SM 8.00 11.30 D 1.80 0.00 29.00 - - 30.00 65.85 - - - 11.61 15.501.80 3.19 27.31 17.73

4 SM 11.30 12.00 D 1.89 0.00 31.00 - - 65.85 90.00 - - - 15.50 16.39 3.19 3.54 31.36 8.54
註：(1)∫tsads=C1aI1a+C2aI2a+C3aI3a+C4aI4a，∫tspds=C1pI1p+C2pI2p+C3pI3p+C4pI4p SMc= 403.12

　　(2)∫tsds=∫tsads+∫tspds

潛在破壞面抗剪力計算(2)：
D1 D2 C1a C2a C3a C4a I1a I2a I3a I4a C1p C2p C3p C4p I1p I2p I3p I4p

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (m) (m) (m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (m) (m) (m) (m)
1 SF 0.00 1.30 D - - - - - - - - - - - - - - - -

2 ML 1.30 3.10 U - - - - - - - - - - - - - - - -

2 ML 3.10 4.00 U - - - - - - - - - - - - - - - -

2 ML 4.00 6.20 U 2.00 0.00 0.00 0.00 2.23 0.31 2.12 0.28 - - - - - - - -

3 SM 6.20 7.00 D 2.57 3.52-1.25 -1.71 0.85 0.28 0.67 0.22 - - - - - - - -

3 SM 7.00 8.00 D 2.57 3.52-1.25 -1.71 1.11 0.49 0.68 0.30 -8.21 21.90 -5.22 13.92 1.11 0.49 0.68 0.30

3 SM 8.00 11.30 D 2.57 3.52-1.25 -1.71 5.01 3.66 -0.48 -0.56 0.18 5.11 0.12 3.25 5.01 3.66-0.48 -0.56 

4 SM 11.30 12.00 D 2.47 4.03-1.27 -2.08 3.37 3.27 -2.99 -2.91 -0.99 7.55 -0.67 5.10 3.37 3.27 -2.99 -2.91 
註：以有效應力法計算潛在滑動面抗剪力時，擋土側及開挖側之側向土壓力係數分別採用Ka及Kp

超載引起之垂直力計算：

D1 D2 Qv Pqv Lqv Mqv

(m) (m) (t/m2) (t/m) (t) (t-m/m)

0.00 8.00 1.50 12.00 4.00 48.00
SMqv= 48.00

FS=[∫tsds×(DL-DS)]/(SMc+SMqv)

     =(96.68×8)/(403.12+48)

     =1.71≧1.2~~O.K！

塑性隆起檢核：

 ∫tsads +∫tspds= 96.68

地層

編號

地層

代號

地層

編號

地層

代號

排水

類型

排水

類型

 1-11-4 N:\24\241107台南海水淡化\Analysis\Rido\03 基設審查後修正\工作井G12_5x5，H=7m\WaLeD2024R1-G12.xls



Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-上舉檢核

式中

gti= 不透水層底面以上之各土層土壤總單位重(t/m3)
hi= 不透水層底面以上之各土層厚度(m)

Uw= 透水層頂部之水壓力(t/m2)

上舉破壞界面：ML & SM (GL.-14m)

開挖 開挖深度 界面水頭 Uw Sgtihi

階段 (GL.m) (GL.m) (t/m2) (t/m2)
1 -1.40 -3.10 10.90 23.817 2.19 FS≧1.20，OK！
2 -4.70 -3.10 10.90 17.646 1.62 FS≧1.20，OK！
3 -7.00 -3.10 10.90 13.300 1.22 FS≧1.20，OK！

FS = 
Sgti×hi

Uw
≧ 1.20

FS 檢核結果

t2

水壓力Uw 透水層

不透水層

t1

h2

h1
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-砂湧檢核

式中

gsub= 砂質土壤之有效單位重(t/m3)
gw= 地下水之單位重(t/m3)
D= 擋土設施之貫入深度(m)

DHw= 擋土設施內外兩側之水頭差(m)

地下水位 GL.-3.10m，擋土壁長=12.00m

開挖 開挖深度 DHw D gsubD gsubDHw

階段 (GL.m) (m) (m) (t/m2) (t/m2)
1 -1.40 - 10.60 - - - - 水位低於開挖面，不需檢核！

2 -4.70 1.60 7.30 - - - - 開挖面下含粘性地層，不需檢核！

3 -7.00 3.90 5.00 - - - - 開挖面下含粘性地層，不需檢核！

≧ 2.00
gsub(DHw+2D)

gwDHw

FS2 檢核結果

FS1 =
2gsubD

gwDHw
≧ 1.50 FS2 =

FS1

不透水層

sub

Hw

D
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-RIDO分析參數表

1 土層設計參數表

土層分類 深度 gt g' Ka Ko Kp c' f' Su Da Db Kh

(地層) (m) (t/m3) (t/m3) (t/m2) (o) (t/m2) (t/m3)
SF 1.30 2.03 1.03 0.361 0.531 4.197 0.0 28 0.0 1 1 1560
ML 6.20 1.79 0.79 1.000 1.000 1.000 2.0 3 2.0 1 1 500
SM 11.30 1.80 0.80 0.347 0.515 4.487 0.0 29 0.0 1 1 840
SM 20.00 1.89 0.89 0.320 0.485 5.160 0.0 31 0.0 1 1 2160

Ka採Rankine土壓力係數

Kp採Coulomb土壓力係數，d=1f'/2

2 2.鋼板樁資料

擋土結構長度 = 12 m
鋼板樁型式 = YSP-III m
EcI折減係數f2 0.7
Ec 21000000 t/m2 150000(f1fc')

1/2

慣性矩I 0.000164 m4 1/12×b×h3(b=1m)
f2EcI 2411 t-m2 f2EcI

3 初始水位面 3.1 m

4 超載 深度 起始距離 終結距離 載重值

地表/鄰房超載 0 0 20 1.5 t/m2

5 鋼支撐勁度

Es 21000000 t/m2

Lx1 1.63 m Strut1
Lx1' 1.63 m 等值長度=Lx1

Lx2 1.63 m Strut2
Lx2' 1.63 m 等值長度=Lx2

折減係數f 0.7

型鋼性質 A(cm2) Wt(kg/m) rx(cm) ry(cm) fEsA/Lx1' fEsA/Lx2'

H300×300×10×15 119.8 94.0 13.1 7.51 108040 108040
H350×350×12×19 173.9 137.0 15.2 8.84 156830 156830

各層支撐 支撐型式 深度 間距 預力 勁度

H300×300×10×15 大斜撐 0.7 1.75 0 108040 t/m
H350×350×12×19 大斜撐 4 1.75 0 156830 t/m

擋土壁壁體變位與受力分析參數(RIDO)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-RIDO分析之水壓分佈

　　  註：水壓力正值為擋土側，負值為開挖側
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-RIDO輸入檔(常時)

J241107-G12 *FA60L*
*File Name : G12_N.RIO
*Retaining Wall
0
*D    EI
12    2411
0
*Soil Data
*D    rt    r'    Ka    Ko    Kp    c     phi   Da    Db    Re    Rp
1.3   2.03  1.03  0.361 0.531 4.197 0     28    0.5    0.5   1560  0
6.2   1.79  0.79  1     1     1     2     3     0.5    0.5   500   0
11.3  1.8   0.8   0.347 0.515 4.487 0     29    0.5    0.5   840   0
20    1.89  0.89  0.32  0.485 5.16  0     31    0.5    0.5   2160  0
*GWL
3.1   0.5
*Surcharge
SUB(2)0     0     20    1.5
*Phase 1 : Excavate to 1.4m ; 
WAT(1)1.4   0
WAT(1,1)6.2   0     4.8
WAT(1)12    10.6
WAT(2)3.1   0
WAT(2,1)6.2   0     3.1
WAT(2)12    8.9
EXC(1)1.4
CAL(2)
*Phase 2 : Install a Strut at 0.7m - H300×300×10×15  (No.1) ; 
BUT(2)0.7   1.75  0     0   108040
CAL(2)
*Phase 3 : Excavate to 4.7m ; 
WAT(1)4.7   0
WAT(1,1)6.2   0     1.5
WAT(1)12    7.3
WAT(2)3.1   0
WAT(2,1)6.2   0     3.1
WAT(2)12    8.9
EXC(1)4.7
CAL(2)
*Phase 4 : Install a Strut at 4m - H350×350×12×19 ( No.2) ; 
BUT(2)4     1.75  0     0  156830
CAL(2)
*Phase 5 : Excavate to 7m ; 
WAT(1)8     0
WAT(1)12    6
WAT(2)3.1   0
WAT(2,1)6.2   0     3.1
WAT(2)12    6
EXC(1)7
CAL(2)
*Phase 6 : 
REM(1) 4.7
7.0 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 7 : Remove the Strut (No.2) ; 
BUT(0,2)
CAL(2)
*Phase 8 : 
REM(1) 1.4
4.7 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
*Phase 9 : Remove the Strut (No.1) ; 
BUT(0,1)
CAL(2)
*Phase 10 : 
REM(1) 0
1.4 1.9 0.9 0.333 0.500 4.807 0 30 0 0 1200 0
CAL(2)
END
EVP
STA
STOP
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-RIDO分析結果圖(常時)

最終開挖面

最下階支撐拆除
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-RIDO分析結果圖(常時)

分析結果圖
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-支撐系統檢核綜合表

支撐系統受力檢核假設條件：

水平支撐

編號 深度(m) 型式 間距(m) 預力(t) 常時 0 0 最大軸力 容許軸力 最大軸力 容許軸力 檢核結果

1 0.70 1H300×300×10×15 大斜撐 1.75 0.0 11.9 19.4 19.4 16.8 153.2 169.0 OK
2 4.00 1H350×350×12×19 大斜撐 1.75 0.0 40.4 111.1 111.1 57.1 228.6 247.2 OK

橫　　檔 角　　撐

編號 深度(m) 自重(t/m) Ww(t/m) M(t-m) V(t) Ww(t/m) M(t-m) V(t) 檢核結果 檢核結果

1 0.70 1H300×300×10×15 0.094 6.8 3.4 6.8 11.1 5.5 11.1 OK -
2 4.00 1H400×400×13×21 0.172 23.1 11.5 23.1 63.5 11.5 23.1 OK -

157.0

            -

27.4

9.橫檔設計荷重Ww=支撐軸力(RIDO輸出值)/支撐分析間距

短期(t)

10.短期分析軸力為0分析軸力及0分析軸力之最大值

常時(t)

4.強軸最大無支撐長度為2.69m

8.支撐溫度荷重Ft假設為30ton

6.支撐分析間距S採1.75m
7.支撐假設活載重LL採0.5t/m2

1.鋼材楊氏模數採2100000kg/cm2；鋼材降伏強度採2400kg/cm2

2.支撐常時分析時容許應力採1；短期分析時容許應力採1.25
3.橫檔常時分析時容許應力採1；短期分析時容許應力採1.25

5.弱軸最大無支撐長度為2.69m

水平支撐資料 RIDO分析軸力(t)

橫檔資料 常時(t) 短期(t)

H型鋼型式

            -
H型鋼型式
角撐資料

H型鋼型式
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-支撐檢核(常時)

Level： 1 (normal condition)

*USE 1 H300×300×10×15

Section properties:
1. Area  A= 119.8 cm2 10. rx= 13.1 cm

2. Unit weight Wt= 0.094 t/m 11. ry= 7.51 cm

3. Depth d= 30 cm 12. Moment of inertia about x-axis Ix= 20400 cm4

4. Thickness of web tw= 1 cm 13. Moment of inertia about y-axis Iy= 6750 cm4

5. Width of flange bf= 30 cm 14. Area of flange Af= 45 cm2

6. Thickness of flange tf= 1.5 cm 15. Area of web Aw= 30 cm3

7. Section modulus of x-axis Sx= 1360 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 450 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 8.22 cm

Loading conditions:
1. Design loading Ww= 9.6 t/m
2. Analysis spacing S= 1.75 m

3. Axial loading of single strut P= 16.8 t
4. Strut spacing L1= 1.5 m      L2= 2 m

5. Strut length of y-axis S1= 2.69 m      S2= 2.69 m
6. Strut length of x-axis S3= 2.7 m      S4= 2.69 m

7. Angle θ= 45.0 °

8. Brace length Lk= 2.1 m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=10.00 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=20.53

800/Fy^0.5=16.33 K×Lby/ry=35.82 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=30.00 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.273

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=2.69 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1308 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=2.69 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=3.92 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=40 Fbx=1584 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=1800 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.299 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.009 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000035 <1/240~~O.K fa/0.6Fy+fb/Fb=0.296 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.320 ≦1.0~~O.K

1. Mx=(Wt+LL)×Lbx²/8=0.54 t-m where
Cm=0.85

Fex'=12π²E/[23(KLx/rx)²]×α=25645 kg/cm²

Fey'=12π²E/[23(KLy/ry)²]×α=8428 kg/cm²

(l)Check shear stress

2. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=960 kg/cm²

3. V=(Wt+LL)×Lbx/2=0.80 t 2. Computed shear stress fv=V/Aw=26.6 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P'+Ft)/A=391 kg/cm² * According to above analysis, H300×300×10×15 is satisfactory.

Fbx=0.66×Fy×α=1584

Fby=0.75×Fy×α=1800

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=8.75

Ww

P'

S1

L1 L2



S2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-支撐檢核(常時)

Level： 2 (normal condition)

*USE 1 H350×350×12×19

Section properties:
1. Area  A= 173.9 cm2 10. rx= 15.2 cm

2. Unit weight Wt= 0.137 t/m 11. ry= 8.84 cm

3. Depth d= 35 cm 12. Moment of inertia about x-axis Ix= 40300 cm4

4. Thickness of web tw= 1.2 cm 13. Moment of inertia about y-axis Iy= 13600 cm4

5. Width of flange bf= 35 cm 14. Area of flange Af= 66.5 cm2

6. Thickness of flange tf= 1.9 cm 15. Area of web Aw= 42 cm3

7. Section modulus of x-axis Sx= 2300 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 776 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 9.62 cm

Loading conditions:
1. Design loading Ww= 32.6 t/m
2. Analysis spacing S= 1.75 m

3. Axial loading of single strut P= 57.1 t
4. Strut spacing L1= 1.5 m      L2= 2 m

5. Strut length of y-axis S1= 2.69 m      S2= 2.69 m
6. Strut length of x-axis S3= 2.7 m      S4= 2.69 m

7. Angle θ= 45.0 °

8. Brace length Lk= 2.1 m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=9.21 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=17.70

800/Fy^0.5=16.33 K×Lby/ry=30.43 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=29.17 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.232

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=2.69 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1333 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=2.69 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=4.57 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=25 Fbx=1584 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=1800 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.375 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.005 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000019 <1/240~~O.K fa/0.6Fy+fb/Fb=0.363 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.389 ≦1.0~~O.K

1. Mx=(Wt+LL)×Lbx²/8=0.58 t-m where
Cm=0.85

Fex'=12π²E/[23(KLx/rx)²]×α=34527 kg/cm²

Fey'=12π²E/[23(KLy/ry)²]×α=11678 kg/cm²

(l)Check shear stress

2. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=960 kg/cm²

3. V=(Wt+LL)×Lbx/2=0.86 t 2. Computed shear stress fv=V/Aw=20.4 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P'+Ft)/A=501 kg/cm² * According to above analysis, H350×350×12×19 is satisfactory.

Fbx=0.66×Fy×α=1584

Fby=0.75×Fy×α=1800

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=11.08

Ww

P'

S1

L1 L2



S2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-橫擋檢核(常時)

DESIGN OF WALE

A. ： 1 (normal condition) A. ： 2 (normal condition)

B. ： 1 H300×300×10×15 B. ： 1 H400×400×13×21

 

C. Loading conditions C. Loading conditions

1. design loading Ww = 6.8 t/m 1. design loading Ww = 23.1 t/m

2. temperature load Ft = 30 t 2. temperature load Ft = 30 t

3. spacing1 L1 = 1.5 m 3. spacing1 L1 = 1.5 m

4. spacing2 L2 = 2 m 4. spacing2 L2 = 2 m

5. spacing3 (computing P') L3 = 2.5 m 5. spacing3 (computing P') L3 = 2.5 m

6. angle q = 45 ° 6. angle q = 45 °

7. factor of short term loadinga = 1 7. factor of short term loadinga = 1

D. Section properties (for single wale) D. Section properties (for single wale)

1. area  A = 119.8 cm2 1. area  A = 218.7 cm2

2. depth d = 30 cm 2. depth d = 40 cm

3. thickness of web tw = 1.0 cm 3. thickness of web tw = 1.3 cm

4. section modulus of x axis Sx = 1360 cm3 4. section modulus of x axis Sx = 3330 cm3

5. yielding stress Fy = 2400 kg/cm2 5. yielding stress Fy = 2400 kg/cm2

E. Check capacity E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale 1. compute moment (Mx) of wale & shear force (V) of wale

L' = Max(L1,L2) = 2.00 m L' = Max(L1,L2) = 2.00 m

Mx = Ww×(L')²/8 = 3.4 t-m Mx = Ww×(L')²/8 = 11.5 t-m

V = Ww×L'/2 = 6.8 t V = Ww×L'/2 = 23.1 t

2. compute axial loading (N) 2. compute axial loading (N)

Pw = Ww×L3 = 17.0 Pw = Ww×L3 = 57.6

N = Pw+Ft = 47.0 t N = Pw+Ft = 87.6 t

3. compute allowable axial stress (Fa) & shear stress (Fv) 3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1440 kg/cm2 Fa = 0.6×Fy×a = 1440 kg/cm2

Fv = 0.4×Fy×a = 960 kg/cm2 Fv = 0.4×Fy×a = 960 kg/cm2

4. compute axial stress (fa) 4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 642 kg/cm2 fa = (N/A+Mx/Sx) = 747 kg/cm2

fa≦Fa~~O.K fa≦Fa~~O.K

5. compute shear stress (fv) 5. compute shear stress (fv)

fv = V/(d×tw) = 226 kg/cm2 fv = V/(d×tw) = 443 kg/cm2

fv≦Fv~~O.K fv≦Fv~~O.K

According to  above analysis, According to  above analysis,

1 H300×300×10×15 is satisfactory. 1 H400×400×13×21 is satisfactory.

Wale level

Wale type

Wale level

Wale type

Ww

L1 L2



P' P'

L3

Ww

L1 L2



P' P'

L3
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：工作井開挖擋土支撐TYPE 10-鋼板樁剪力彎矩檢核

 DESIGN OF SHEET PILE 

Conditon of sheet pile

1. Properties of sheet pile TYPE 6

Width W= 400 mm

Depth h= 125 mm

Thickness of sheet pile t= 13 mm

Unit weight Wt= 150 kg/m

Section modulus per meter S= 1310 cm3

Yielding Stress Fy=2520kg/cm2

2. Maximun momemnt of sheet pile (Mmax)p= 13.09t-m/m at G.L.- 6.6 m (from RIDO output)

3. Maximun shear force of sheet pile (Vmax)p= 15.34t/m at G.L.- 4 m (from RIDO output)

4. Factor of short term loading   a= 1.2 (1,1.2,1.33,1.5)

(a)Check bending stress of sheet pile (fb)p

1. Reduction of section modulus of sheet pile

Reduction factor    f = 0.9

1179 cm3

2. 1110 kg/cm2

3. 1814 kg/cm2

4.

(b)Check shear stress of sheet pile (fv)p

1. 210 kg/cm2

where, L=unit length=1m, Reduction factor f = 0.9

2. 1210 kg/cm2

3.

YSP-Ⅲ is satisfactory.

AWD_V1.0

YSP-Ⅲ

(fv)p<(Fv)p~~O.K

*Accoring to above analysis,

S'=f*S=

(fb)p=(Mmax)p/S'=

(fb)p<(Fb)p~~O.K

(Fv)p=a*0.4Fy=

(Fb)p=a*0.6Fy=

(fv)p=(Vmax)p/[f*(L/W)*(h*t*2)]=
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1-12 管線開挖擋土支撐-鋼鈑樁擋土

▪ 開挖支撐施工流程圖

▪ 擋土壁貫入深度分析

▪ 開挖擋土穩定分析檢核

▪ RIDO分析參數

▪ RIDO分析之水壓力分布圖

▪擋土及支撐系統分析設計

· RIDO輸入、出資料(常時)

· 支撐系統檢核綜合表

· 支撐檢核(常時)

· 橫擋檢核(常時)

· 鋼鈑樁彎矩及剪力強度檢核
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-施工程序

工序 工　程　項　目

1 打設鋼板樁

2 開挖至1.2m/降水至2.2m
3 第1階支撐架設/GL.-0.5m
4 開挖至3m/降水至4m
5 回填至1.2m
6 拆第一階支撐

7 回填至0m
8
9

註：擋土壁深度=7m

第1撐 GL.-0.5m////////
GL.+0m

////////
GL.-1.2m

////////
GL.-3m

////////
GL.-1.2m (回填)

////////
GL.-0m (回填)

GL.-0.5m

GL.-2.2m

GL.-4m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-貫入深度檢核(側向力平衡)

擋土側主動土壓力計算：

D1 D2 gt c' f' Su1 Su2 sva1 sva2 s'va1 s'va2 sa1 sa2 Pa La Ma

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SM 0.00 0.50 D 1.97 0.00 29.00 - - - 0.408 0.64 0.00 0.99 0.00 0.99 - - - - -

1 SM 0.50 4.00 D 1.97 0.00 29.00 - - - 0.408 0.64 0.99 7.88 0.99 6.23 0.40 2.54 5.16 2.1711.21

1 SM 4.00 4.50 D 1.97 0.00 29.00 - - - 0.408 0.64 7.88 8.87 6.23 6.98 2.54 2.85 1.35 3.75 5.06

2 SM 4.50 5.00 D 1.96 0.00 30.00 - - - 0.394 0.63 8.87 9.85 6.98 7.73 2.75 3.05 1.45 4.25 6.17

2 SM 5.00 7.00 D 1.96 0.00 30.00 - - - 0.394 0.63 9.85 13.77 7.73 10.71 3.05 4.22 7.27 5.5540.37

註：(1)主動側土壓力係數採用Rankine；牆土粘滯力採用cw'=αc'或cw= αSu SMa= 62.81

　　(2)土壤有效應力之計算方式為土壤總應力扣除擋土側滲流後之水壓

開挖側被動土壓力計算：

D1 D2 gt c' f' Su1 Su2 svp1 svp2 s'vp1 s'vp2 sp1 sp2 Pp Lp Mp

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 SM 0.00 0.50 D 1.97 0.00 29.00 - - - 3.436 1.85 - - - - - - - - -

1 SM 0.50 4.00 D 1.97 0.00 29.00 - - - 3.436 1.85 - - - - - - - - -

1 SM 4.00 4.50 D 1.97 0.00 29.00 - - - 3.436 1.85 0.00 0.99 0.00 0.99 0.00 3.38 0.85 3.83 3.24

2 SM 4.50 5.00 D 1.96 0.00 30.00 - - - 3.632 1.91 0.99 1.97 0.99 1.97 3.58 7.14 2.68 4.2811.46

2 SM 5.00 7.00 D 1.96 0.00 30.00 - - - 3.632 1.91 1.97 5.89 1.97 2.83 7.14 10.26 17.40 5.5696.75

註：(1)被動側土壓力係數採用Coulomb，d=1/2f'；牆土粘滯力採用cw'=αc'或cw= αSu SMp= 111.45

　　(2)土壤有效應力之計算方式為土壤總應力扣除開挖側滲流後之水壓

水壓力計算：

D1 D2 swa1 swa2 sia1 sia2 ua1 ua2 swp1 swp2 sip1 sip2 up1 up2 Pwa Lwa Mwa Pwp Lwp Mwp

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m) (t/m) (m) (t-m/m)

0.00 0.50 D H - - - - - - - - - - - - - - - - - -

0.50 4.00 D H 0.00 3.50 0.00-1.85 0.00 1.65 - - - - - - 2.88 2.33 6.73 0.00 - 0.00

4.00 4.50 D H 3.50 4.00 -1.85 -2.12 1.65 1.88 - - - - - - 0.88 3.76 3.31 0.00 - 0.00

4.50 5.00 D H 4.00 4.50 -2.12 -2.38 1.88 2.12 - - - - - - 1.00 4.25 4.25 0.00 - 0.00

5.00 7.00 D H 4.50 6.50 -2.38 -3.44 2.12 3.06 0.00 2.00 0.00 1.06 0.00 3.06 5.18 5.56 28.78 3.06 5.83 17.84

註：擋土側地下水位在地表面下0.5m，開挖側地下水位在開挖面下-1m SMwa= 43.08 SMwp= 17.84

超載引起之側向力計算：

D1 D2 sqa1 sqa2 sqp1 sqp2 sqn1 sqn2 Pqh Lqh Mqh

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

0.00 0.50 0.61 0.61 - - - - - - -

0.50 4.00 0.61 0.61 - - 0.61 0.61 2.14 1.75 3.75

4.00 4.50 0.61 0.61 - - 0.61 0.61 0.31 3.75 1.15

4.50 5.00 0.59 0.59 - - 0.59 0.59 0.30 4.25 1.26

5.00 7.00 0.59 0.59 - - 0.59 0.59 1.18 5.50 6.51
SMqh= 12.66

     (ΣMp+ΣMwp+Ms) ≧(ΣMa+ΣMwa+ΣMqh)
     (111.45+17.84+0)≧(62.81+43.08+12.66)

     需求Fs=1.197137

地層

代號

排水

類型
α

排水

類型

滲流

方式

側向力平衡檢核：

KachKah

Kph Kpch

      129.30≧118.56 ~~O.K！

地層

編號

地層

代號

排水

類型
α

地層

編號
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-砂湧檢核

式中

gsub= 砂質土壤之有效單位重(t/m3)
gw= 地下水之單位重(t/m3)
D= 擋土設施之貫入深度(m)

DHw= 擋土設施內外兩側之水頭差(m)

地下水位 GL.-0.50m，擋土壁長=7.00m

開挖 開挖深度 DHw D gsubD gsubDHw

階段 (GL.m) (m) (m) (t/m2) (t/m2)
1 -4.00 3.50 3.00 2.885 3.395 1.65 2.62 FS1≧1.5，FS2≧2，OK！

FS1 =
2gsubD

gwDHw
≧ 1.50 FS2 =

FS1

≧ 2.00
gsub(DHw+2D)

gwDHw

FS2 檢核結果

不透水層

sub

Hw

D
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-RIDO分析參數表

1 土層設計參數表

土層分類 深度 gt g' Ka Ko Kp c' f' Su Da Db Kh

(地層) (m) (t/m3) (t/m3) (t/m2) (o) (t/m2) (t/m3)
SM 4.50 1.97 0.97 0.347 0.515 4.487 0.0 29 0.0 0 0 960
SM 14.00 1.96 0.96 0.333 0.500 4.807 0.0 30 0.0 0 0 1680
SM 20.00 1.95 0.95 0.320 0.485 5.160 0.0 31 0.0 0 0 2280
SM 27.50 1.95 0.95 0.307 0.470 5.551 0.0 32 0.0 0 0 2280

0.00 0.00 0.00 0.0 0 0
0.00 0.00 0.00 0.0 0 0
0.00 0.00 0.00 0.0 0 0
0.00 0.00 0.00 0.0 0 0
0.00 0.00 0.00 0.0 0 0
0.00 0.00 0.00 0.0 0 0

Ka採Rankine土壓力係數
Kp採Coulomb土壓力係數，d=2f'/3

2 連續壁

連續壁深度 7 m
抗壓強度fc' 245 kg/cm2

材料折減因數f1 1

連續壁厚度h YSP-III m
EcI折減係數f2 0.7
Ec 21000000 t/m2 150000(f1fc')

1/2

慣性矩I 0.000164 m4 1/12×b×h3(b=1m)
連續壁剛度 2411 t-m2 f2EcI

3 初始水位面 0.5 m

4 超載 深度 起始距離 終結距離 載重值

地表/鄰房超載 0 0 20 1.5 t/m2

5 鋼支撐勁度

Es 21000000 t/m2

Lx1 12.3 m Strut1~Strut8
Lx1' 12.3 m 等值長度=Lx1

Lx2 0 m Restrut
Lx2' 0 m 等值長度=Lx2

折減係數f 0.7

型鋼性質 A(cm2) Wt(kg/m) rx(cm) ry(cm) fEsA/Lx1' fEsA/Lx2'

H400×400×13×21 218.7 172.0 17.5 10.1 26137 #DIV/0! 19602.75
#VALUE!

各層支撐 支撐型式 深度 間距 預力 勁度

#N/A 順撐 #N/A #N/A #N/A #N/A #N/A

7 樓版 8 鋼樑

樓板抗壓強度fc' 224 kg/cm2 Es 21000000 t/m2

PC抗壓強度f
c
' 140 kg/cm2

勁度K折減係數f4 0.7
材料折減因數f3 1 鋼樑跨度Lx1 75 m
勁度K折減係數f4 0.6 鋼樑等值長度Lx1' 37.5 m
Ec(樓板) 2244994 t/m2 150000(f3fc')

1/2

Ec(PC) 1774824 t/m2 150000(f3fc')
1/2

鋼樑種類 鋼樑型式 深度(m) 勁度K(t/m)
底板跨度Lx1 24.6 m B3F H750×300×14×25 21.38 9722 f4Es×A/Lx1'
底板等值長度Lx1' 12.3 m B2F H850×300×12×20 14 8514

B1F H850×300×12×20 8.3 8514
樓版種類 厚度t(m) 深度(m) 勁度K(t/m)
PC 0.125 0.5 185375 f4Ec×b×t/Lx1'(b=1m)

底版 0 0.5 185375
B5F 0 0.5 185375
B4F 0 0.5 185375
B3F 0 0.5 185375
B2F 0 0.5 185375
B1F 0 0.5 185375
1F 0 0.5 185375

連續壁壁體變位與受力分析參數(RIDO)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-RIDO分析之水壓分佈

　　  註：水壓力正值為擋土側，負值為開挖側

-6.50 

6.50 

////////
GL.-0m

GL.-0.5m

-5.52 5.52 

////////
GL.-1.2m

GL.-2.2m

-4.11 

4.11 

////////
GL.-3m

GL.-4m

4.5

SM

7

SM

0

5

(Excavated Side)               Water Pressure (t/m2) (Retained Side)

－

1st

2n
d
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-RIDO輸入檔(常時)

J241107-P1 *FA60L*
*File Name : P1_N.RIO
*Retaining Wall
0
*D    EI
7     2411
0
*Soil Data
*D    rt    r'    Ka    Ko    Kp    c     phi   Da    Db    Re    Rp
4.5   1.97  0.97  0.347 0.515 4.487 0     29    0     0.33  960   0
14    1.96  0.96  0.333 0.5   4.807 0     30    0     0.33  1680  0
20    1.95  0.95  0.32  0.485 5.16  0     31    0     0.33  2280  0
27.5  1.95  0.95  0.307 0.47  5.551 0     32    0     0.33  2280  0
*GWL
0.5   0.5
*Surcharge
SUB(2)0     0     20    1.5
*Phase 1 : Excavate to 1.2m ; 
WAT(1)2.2   0
WAT(1)7     5.52
WAT(2)0.5   0
WAT(2)7     5.52
EXC(1)1.2
CAL(2)
*Phase 2 : Install a Strut at 0.5m - H300×300×10×15  (No.1) ; 
BUT(2)0.5   5     0     20    185375
CAL(2)
*Phase 3 : Excavate to 4m ; 
WAT(1)5     0
WAT(1)7     3.06
WAT(2)0.5   0
WAT(2)7     3.06
EXC(1)4
CAL(2)
*Phase 4 : 
REM(1) 2.2
4.0 1.96 0.96 0.333 0.500 4.807 0 30 0 0.33 1800 0
CAL(2)
*Phase 5 : Remove the Strut (No.1) ; 
BUT(0,1)
CAL(2)
*Phase 6 : 
REM(1) 0.35
2.2 1.96 0.96 0.333 0.500 4.807 0 30 0 0.33 1800 0
REM(1) 0
0.35 2.2 1.2 1 1 1 15 0 0 0 5000 0
CAL(2)
END
EVP
STA
STOP
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-分析結果(常時)

支撐位置(m) / 支撐軸力(ton)

0.5 (m)
Phase 1 -10.5 0.0 -2.2 0.0 -1.5 0.7 0.0 0.0
Phase 2 -10.5 0.0 -2.2 0.0 -1.5 0.7 0.0 0.0 0.0
Phase 3 -9.6 0.0 -1.6 3.7 -3.2 3.7 20.5 20.5 0.4

最小值/最大值 -10.5 0.0 -2.2 3.7 -3.2 3.7 20.5
支撐預力(ton) 0.0
預力/最大軸力 0%

施工

步驟 最大值 最小值 最大值

分析變位(mm) 分析彎矩(t-m/m)

最小值

支撐軸力合計(ton)

Sum 2% Sum

分析剪力(t/m)

最大值最小值
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-RIDO分析結果圖(常時)

開挖完畢時擋土壁變形圖

開挖至施工完畢擋土壁變形圖
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-支撐系統檢核綜合表

支撐系統受力檢核假設條件：

水平支撐

編號 深度(m) 型式 間距(m) 預力(t) 常時 地震 任一撐破壞 最大軸力 容許軸力 最大軸力 容許軸力 檢核結果

1 0.50 1H250×250×9×14 順撐 5.0 0.0 20.5 50.1 50.1 20.5 120.9 130.7 OK

橫　　檔 角　　撐

編號 深度(m) 自重(t/m) Ww(t/m) M(t-m) V(t) Ww(t/m) M(t-m) V(t) 檢核結果 檢核結果

1 0.50 1H350×350×12×19 0.137 4.1 10.3 10.3 10.0 25.1 25.1 OK -

50.1

短期(t)

常時(t) 短期(t)

H型鋼型式

            -
H型鋼型式
角撐資料

H型鋼型式

常時(t)水平支撐資料 RIDO分析軸力(t)

橫檔資料

6.支撐分析間距S採5m
7.支撐假設活載重LL採0.5t/m2

1.鋼材楊氏模數採2100000kg/cm2；鋼材降伏強度採2400kg/cm2

2.支撐常時分析時容許應力採1；短期分析時容許應力採1.25
3.橫檔常時分析時容許應力採1；短期分析時容許應力採1.25 8.支撐溫度荷重Ft假設為30ton

9.橫檔設計荷重Ww=支撐軸力(RIDO輸出值)/支撐分析間距

5.弱軸最大無支撐長度為1.9m 10.短期分析軸力為地震分析軸力及任一撐破壞分析軸力之最大值
4.強軸最大無支撐長度為1.9m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-支撐檢核(常時)

Level： 1 (normal condition)

*USE 1 H250×250×9×14

Section properties:
1. Area  A= 92.18 cm2 10. rx= 10.8 cm

2. Unit weight Wt= 0.0724 t/m 11. ry= 6.29 cm

3. Depth d= 25 cm 12. Moment of inertia about x-axis Ix= 10800 cm4

4. Thickness of web tw= 0.9 cm 13. Moment of inertia about y-axis Iy= 3650 cm4

5. Width of flange bf= 25 cm 14. Area of flange Af= 35 cm2

6. Thickness of flange tf= 1.4 cm 15. Area of web Aw= 22.5 cm3

7. Section modulus of x-axis Sx= 867 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 292 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 6.86 cm

Loading conditions:
1. Design loading Ww= 4.1 t/m
2. Analysis spacing S= 5 m

3. Axial loading of single strut P= 20.5 t
4. Strut spacing L1= - m      L2= 5 m

5. Strut length of y-axis S1= 1.9 m      S2= 1.9 m
6. Strut length of x-axis S3= 1.9 m      S4= 1.9 m

7. Angle θ= 45.0 °

8. Brace length Lk= - m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=8.93 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=17.59

800/Fy^0.5=16.33 K×Lby/ry=30.21 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=27.78 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.230

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=1.9 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1334 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=1.9 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=3.27 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=30 Fbx=1584 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=1800 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.411 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.004 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000023 <1/240~~O.K fa/0.6Fy+fb/Fb=0.399 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.427 ≦1.0~~O.K

1. Ms=(Wt+LL)×Lbx²/8=0.26 t-m where
2. Mb=0 t-m Cm=0.85

(∵no bracing) Fex'=12π²E/[23(KLx/rx)²]×α=34939 kg/cm²

m Fey'=12π²E/[23(KLy/ry)²]×α=11851 kg/cm²

m
3. Mx=Ms+Mb=0.26 t-m (l)Check shear stress

4. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=960 kg/cm²

5. V=(Wt+LL)×Lbx/2=0.54 t 2. Computed shear stress fv=V/Aw=24.2 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P+Ft)/A=548 kg/cm² * According to above analysis, H250×250×9×14 is satisfactory.

Fbx=0.66×Fy×α=1584

Fby=0.75×Fy×α=1800

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=8.17

Ww

P P

S1

S2

L2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-橫擋檢核(常時)

DESIGN OF WALE

A. ： 1 (normal condition)

B. ： 1 H350×350×12×19

C. Loading conditions

1. design loading Ww = 4.1 t/m

2. temperature load Ft = 30 t

3. spacing1 L1 = - m

4. spacing2 L2 = 5 m

5. spacing3 (computing P') L3 = 1.3 m

6. angle q = 45 °

7. factor of short term loadinga = 1

D. Section properties (for single wale)

1. area  A = 173.9 cm2

2. depth d = 35 cm

3. thickness of web tw = 1.2 cm

4. section modulus of x axis Sx = 2300 cm3

5. yielding stress Fy = 2400 kg/cm2

E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale

L' = L2 = 5.00 m

Mx = Ww×(L')²/10 = 10.3 t-m

V = Ww×L'/2 = 10.3 t

2. compute axial loading (N)

Pw = Ww×L3 = 5.3

N = Pw+Ft = 35.3 t

3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1440 kg/cm2

Fv = 0.4×Fy×a = 960 kg/cm2

4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 649 kg/cm2

fa≦Fa~~O.K

5. compute shear stress (fv)

fv = V/(d×tw) = 244 kg/cm2

fv≦Fv~~O.K

According to  above analysis,

1 H350×350×12×19 is satisfactory.

Wale level

Wale type

Ww

L3
L2

P' P'

 1-12-12 N:\24\241107台南海水淡化\Analysis\Rido\03 基設審查後修正\管線明挖H=3m鋼板樁\Strut1.02-P1.xls



Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼鈑樁擋土支撐-鋼板樁剪力彎矩檢核

 DESIGN OF SHEET PILE 

Conditon of sheet pile

1. Properties of sheet pile TYPE 6

Width W= 400 mm

Depth h= 125 mm

Thickness of sheet pile t= 13 mm

Unit weight Wt= 150 kg/m

Section modulus per meter S= 1310 cm3

Yielding Stress Fy=2520kg/cm2

2. Maximun momemnt of sheet pile (Mmax)p= 3.69 t-m/m at G.L.- 2.2 m (from RIDO output)

3. Maximun shear force of sheet pile (Vmax)p= 3.65 t/m at G.L.- 0.5 m (from RIDO output)

4. Factor of short term loading   a= 1.2 (1,1.2,1.33,1.5)

(a)Check bending stress of sheet pile (fb)p

1. Reduction of section modulus of sheet pile

Reduction factor    f = 0.9

1179 cm3

2. 313 kg/cm2

3. 1814 kg/cm2

4.

(b)Check shear stress of sheet pile (fv)p

1. 50 kg/cm2

where, L=unit length=1m, Reduction factor f = 0.9

2. 1210 kg/cm2

3.

YSP-Ⅲ is satisfactory.

AWD_V1.0

YSP-Ⅲ

(fv)p<(Fv)p~~O.K

*Accoring to above analysis,

S'=f*S=

(fb)p=(Mmax)p/S'=

(fb)p<(Fb)p~~O.K

(Fv)p=a*0.4Fy=

(Fb)p=a*0.6Fy=

(fv)p=(Vmax)p/[f*(L/W)*(h*t*2)]=
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1-13 管線開挖擋土支撐-鋼軌樁擋土

▪ 開挖支撐施工流程圖

▪ 擋土壁貫入深度分析

▪ 開挖擋土穩定分析檢核

▪ RIDO分析參數

▪ RIDO分析之水壓力分布圖

▪擋土及支撐系統分析設計

· RIDO輸入、出資料(常時)

· 支撐系統檢核綜合表

· 支撐檢核(常時)

· 橫擋檢核(常時)

· 鋼軌樁彎矩及剪力強度檢核
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-施工程序

工序 工　程　項　目

1 打設鋼板樁

2 開挖至1.2m/降水至3.5m
3 第1階支撐架設/GL.-0.5m
4 開挖至3m/降水至3.5m
5 回填至1.2m
6 拆第一階支撐

7 回填至0m
8
9

註：擋土壁深度=6m

第1撐 GL.-0.5m////////
GL.+0m

////////
GL.-1.2m

////////
GL.-3m

////////
GL.-1.2m (回填)

////////
GL.-0m (回填)

GL.-0.5m

GL.-3.5mGL.-3.5m
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-貫入深度檢核(側向力平衡)

擋土側主動土壓力計算：

D1 D2 gt c' f' Su1 Su2 sva1 sva2 s'va1 s'va2 sa1 sa2 Pa La Ma

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 CL 0.00 0.50 D 1.87 0.00 26.00 - - - 0.452 0.67 0.00 0.94 0.00 0.94 - - - - -

1 CL 0.50 3.00 D 1.87 0.00 26.00 - - - 0.452 0.67 0.94 5.61 0.94 5.61 0.42 2.54 3.70 1.55 5.72

1 CL 3.00 3.50 D 1.87 0.00 26.00 - - - 0.452 0.67 5.61 6.55 5.61 6.55 2.54 2.96 1.37 2.76 3.79

1 CL 3.50 5.50 D 1.87 0.00 26.00 - - - 0.452 0.67 6.55 10.29 6.55 8.29 2.96 3.75 6.70 4.0427.08

2 SM 5.50 6.00 D 1.90 0.00 29.00 - - - 0.408 0.64 10.29 11.24 8.298.74 3.38 3.57 1.74 5.25 9.12

註：(1)主動側土壓力係數採用Rankine；牆土粘滯力採用cw'=αc'或cw= αSu SMa= 45.72

　　(2)土壤有效應力之計算方式為土壤總應力扣除擋土側滲流後之水壓

開挖側被動土壓力計算：

D1 D2 gt c' f' Su1 Su2 svp1 svp2 s'vp1 s'vp2 sp1 sp2 Pp Lp Mp

(m) (m) (t/m3) (t/m2) (deg.) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

1 CL 0.00 0.50 D 1.87 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

1 CL 0.50 3.00 D 1.87 0.00 26.00 - - - 2.932 1.71 - - - - - - - - -

1 CL 3.00 3.50 D 1.87 0.00 26.00 - - - 2.932 1.71 0.00 0.94 0.00 0.94 0.00 2.74 0.69 2.83 1.94

1 CL 3.50 5.50 D 1.87 0.00 26.00 - - - 2.932 1.71 0.94 4.68 0.94 2.68 2.74 7.84 10.58 4.1644.04

2 SM 5.50 6.00 D 1.90 0.00 29.00 - - - 3.436 1.85 4.68 5.63 2.68 3.13 9.19 10.74 4.98 5.2626.19

註：(1)被動側土壓力係數採用Coulomb，d=1/2f'；牆土粘滯力採用cw'=αc'或cw= αSu SMp= 72.16

　　(2)土壤有效應力之計算方式為土壤總應力扣除開挖側滲流後之水壓

水壓力計算：

D1 D2 swa1 swa2 sia1 sia2 ua1 ua2 swp1 swp2 sip1 sip2 up1 up2 Pwa Lwa Mwa Pwp Lwp Mwp

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m) (t/m) (m) (t-m/m)

0.00 0.50 D - - - - - - - - - - - - - - - - - - -

0.50 3.00 D - - - - - - - - - - - - - - - - - - -

3.00 3.50 D - - - - - - - - - - - - - - - - - - -

3.50 5.50 D - 0.00 2.00 - - 0.00 2.00 0.00 2.00 - - 0.00 2.00 2.00 4.33 8.67 2.00 4.33 8.67

5.50 6.00 D - 2.00 2.50 - - 2.00 2.50 2.00 2.50 - - 2.00 2.50 1.13 5.26 5.92 1.13 5.26 5.92

註：擋土側地下水位在地表面下3.5m，開挖側地下水位在開挖面下-0.5m SMwa= 14.58 SMwp= 14.58

超載引起之側向力計算：

D1 D2 sqa1 sqa2 sqp1 sqp2 sqn1 sqn2 Pqh Lqh Mqh

(m) (m) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m2) (t/m) (m) (t-m/m)

0.00 0.50 0.68 0.68 - - - - - - -

0.50 3.00 0.68 0.68 - - 0.68 0.68 1.70 1.25 2.12

3.00 3.50 0.68 0.68 - - 0.68 0.68 0.34 2.75 0.93

3.50 5.50 0.68 0.68 - - 0.68 0.68 1.36 4.00 5.43

5.50 6.00 0.61 0.61 - - 0.61 0.61 0.31 5.25 1.61
SMqh= 10.08

     (72.16+14.58+0)≧(45.72+14.58+10.08)

      86.75≧70.39 ~~O.K！

     需求Fs=1.197137

地層

代號

排水

類型

排水

類型

滲流

方式

側向力平衡檢核：

     (ΣMp+ΣMwp+Ms) ≧(ΣMa+ΣMwa+ΣMqh)

α Kph Kpch

KachKah
地層

編號

地層

代號

排水

類型
α

地層

編號
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-砂湧檢核

式中

gsub= 砂質土壤之有效單位重(t/m3)
gw= 地下水之單位重(t/m3)
D= 擋土設施之貫入深度(m)

DHw= 擋土設施內外兩側之水頭差(m)

地下水位 GL.-3.50m，擋土壁長=6.00m

開挖 開挖深度 DHw D gsubD gsubDHw

階段 (GL.m) (m) (m) (t/m2) (t/m2)
1 -1.20 - 4.80 - - - - 水位低於開挖面，不需檢核！

2 -3.00 - 3.00 - - - - 水位低於開挖面，不需檢核！

FS1 =
2gsubD

gwDHw
≧ 1.50 FS2 =

FS1

≧ 2.00
gsub(DHw+2D)

gwDHw

FS2 檢核結果

不透水層

sub

Hw

D
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-RIDO分析參數表

1 土層設計參數表

土層分類 深度 gt g' Ka Ko Kp c' f' Su Da Db Kh

(地層) (m) (t/m3) (t/m3) (t/m2) (o) (t/m2) (t/m3)
CL 5.50 1.87 0.87 1.000 1.000 1.000 1.5 0 1.5 0 0 375
SM 14.00 1.90 0.90 0.347 0.515 4.487 0.0 29 0.0 0 0 960
SM 20.00 1.84 0.84 0.333 0.500 4.807 0.0 30 0.0 0 0 1200
CL 21.50 1.95 0.95 1.000 1.000 1.000 5.5 0 5.5 0 0 1375

Ka採Rankine土壓力係數
Kp採Coulomb土壓力係數，d=f'/2

2 2.鋼軌樁

擋土結構長度 = 6 m
擋土樁型式 50kg鋼軌

勁度折減 f2 = 0.7
擋土壁 E = 21000000 t/m2

間距

擋土壁 I = 0.0000196 m4 0.4 m
單位寬度fEI = 576 t-m2

載重值

3 初始水位面 3.5 m 1.5 t/m2

5 鋼支撐勁度 t/m 2.5"圓形鋼管

Es 21000000 t/m2

Lx1 2 m Strut1
Lx1' 2 m 等值長度=Lx1

折減係數f 0.7

型鋼性質 A(cm2) Wt(kg/m) rx(cm) ry(cm) fEsA/Lx1' fEsA/Lx2'

H250x250x9x14 92.18 72.4 10.84 6.29 67752 #DIV/0! #N/A
各層支撐 支撐型式 深度 間距 預力 勁度

H250x250x9x14 順撐 0.5 5 0 135505 t/m

擋土支撐系統壁體變位與受力分析參數(RIDO)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-RIDO分析之水壓分佈

　　  註：水壓力正值為擋土側，負值為開挖側

-5.00 

-5.50 

5.00 

5.50 

////////
GL.-0m

GL.-0.5m

-2.00 

-2.50 

5.00 

5.50 

////////
GL.-1.2m

GL.-3.5m

-2.00 

-2.50 

5.00 

5.50 

////////
GL.-3m

GL.-3.5m

5.5

CL

6

SM

0

5

(Excavated Side)               Water Pressure (t/m2) (Retained Side)

－

1st

2n
d
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-RIDO輸入檔(常時)

J241107-P2 *FA60L*
*File Name : P2_N.RIO
*Retaining Wall
0
*D    EI
6     576
0
*Soil Data
*D    rt    r'    Ka    Ko    Kp    c     phi   Da    Db    Re    Rp
5.5   1.87  0.87  1     1     1     1.5   0     0     0.33  375   0
14    1.9   0.9   0.347 0.515 4.487 0     29    0     0.33  960   0
20    1.84  0.84  0.333 0.5   4.807 0     30    0     0.33  1200  0
21.5  1.95  0.95  1     1     1     5.5   0     0     0.33  1375  0
*GWL
3.5   0.5
*Surcharge
SUB(2)0     0     20    1.5
*Phase 1 : Excavate to 1.2m ; 
WAT(1)3.5   0
WAT(1,-1)5.5   0     2
WAT(1)6     2.5
WAT(2)0.5   0
WAT(2,-1)5.5   0     5
WAT(2)6     5.5
EXC(1)1.2
CAL(2)
*Phase 2 : Install a Strut at 0.5m - H250x250x9x14 (No.1) ; 
BUT(2)0.5   5     0     0     135505
CAL(2)
*Phase 3 : Excavate to 3m ; 
WAT(1)3.5   0
WAT(1,-1)5.5   0     2
WAT(1)6     2.5
WAT(2)0.5   0
WAT(2,-1)5.5   0     5
WAT(2)6     5.5
EXC(1)3
CAL(2)
END
EVP
STA
STOP
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-分析結果(常時)

支撐位置(m) / 支撐軸力(ton)

0.5 (m)
Phase 1 -5.7 0.0 -0.2 0.1 -0.4 0.1 0.0 0.0
Phase 2 -5.7 0.0 -0.2 0.1 -0.4 0.1 0.0 0.0 0.0
Phase 3 -16.7 0.0 -0.0 2.7 -1.2 1.7 8.4 8.4 0.2

最小值/最大值 -16.7 0.0 -0.2 2.7 -1.2 1.7 8.4
支撐預力(ton) 0.0
預力/最大軸力 0%

施工

步驟 最大值 最小值 最大值

分析變位(mm) 分析彎矩(t-m/m)

最小值

分析剪力(t/m)

最大值最小值

支撐軸力合計(ton)

Sum 2% Sum
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-RIDO分析結果圖(常時)

開挖完畢時擋土壁變形圖

開挖至施工完畢擋土壁變形圖
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-支撐系統檢核綜合表

支撐系統受力檢核假設條件：

水平支撐

編號 深度(m) 型式 間距(m) 預力(t) 常時 地震 任一撐破壞 最大軸力 容許軸力 最大軸力 容許軸力 檢核結果

1 0.50 1H250×250×9×14 順撐 5.0 0.0 8.4 50.1 50.1 8.4 120.0 130.5 OK

橫　　檔 角　　撐

編號 深度(m) 自重(t/m) Ww(t/m) M(t-m) V(t) Ww(t/m) M(t-m) V(t) 檢核結果 檢核結果

1 0.50 1H350×350×12×19 0.137 1.7 4.2 4.2 10.0 25.1 25.1 OK -

9.橫檔設計荷重Ww=支撐軸力(RIDO輸出值)/支撐分析間距

5.弱軸最大無支撐長度為2m 10.短期分析軸力為地震分析軸力及任一撐破壞分析軸力之最大值
4.強軸最大無支撐長度為2m

6.支撐分析間距S採5m
7.支撐假設活載重LL採0.5t/m2

1.鋼材楊氏模數採2100000kg/cm2；鋼材降伏強度採2400kg/cm2

2.支撐常時分析時容許應力採1；短期分析時容許應力採1.25
3.橫檔常時分析時容許應力採1；短期分析時容許應力採1.25 8.支撐溫度荷重Ft假設為30ton

水平支撐資料 RIDO分析軸力(t)

橫檔資料

50.1

短期(t)

常時(t) 短期(t)

H型鋼型式

            -
H型鋼型式
角撐資料

H型鋼型式

常時(t)
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-支撐檢核(常時)

Level： 1 (normal condition)

*USE 1 H250×250×9×14

Section properties:
1. Area  A= 92.18 cm2 10. rx= 10.8 cm

2. Unit weight Wt= 0.0724 t/m 11. ry= 6.29 cm

3. Depth d= 25 cm 12. Moment of inertia about x-axis Ix= 10800 cm4

4. Thickness of web tw= 0.9 cm 13. Moment of inertia about y-axis Iy= 3650 cm4

5. Width of flange bf= 25 cm 14. Area of flange Af= 35 cm2

6. Thickness of flange tf= 1.4 cm 15. Area of web Aw= 22.5 cm3

7. Section modulus of x-axis Sx= 867 cm3 16. Young's modulus E=2100000 kg/cm2

8. Section modulus of y-axis Sy= 292 cm3 17. Yielding stress Fy= 2400 kg/cm2

9. Radius of gyration rT= 6.86 cm

Loading conditions:
1. Design loading Ww= 1.7 t/m
2. Analysis spacing S= 5 m

3. Axial loading of single strut P= 8.4 t
4. Strut spacing L1= - m      L2= 5 m

5. Strut length of y-axis S1= 2 m      S2= 2 m
6. Strut length of x-axis S3= 2.0 m      S4= 2 m

7. Angle θ= 45.0 °

8. Brace length Lk= - m

9. Live load LL= 0.5 t/m
10. Temperature load Ft= 30 t

11. Unit weight of angle brace Wb= 0 t/m

12. Factor of short term loading α= 1 (1,1.25,1.33,1.5)

(a)Check property of H steel section (g)Check buckling condition
1. bf/2tf=8.93 1. slenderness ratio (K=1)

2. 1480/Fy^0.5=30.21 K×Lbx/rx=18.52

800/Fy^0.5=16.33 K×Lby/ry=31.80 (controls Fa)

545/Fy^0.5=11.12 2. Critical slenderness ratio

3. d/tw=27.78 Cc=(2×π²E/Fy)^0.5=131.42

4. 2160/Fy^0.5=44.09 3. KL/r<Cc

5. bf/2tf<545/Fy^0.5 ~Compact section Let R=(KL/r)/Cc=0.242

d/tw<2160/Fy^0.5 ~Compact section

(h)Compute allowable axial loading stress (Fa)
(b)Check lateral support condition KL/r<Cc

1. Unbraced length Lby=max(S1,S2)=2 m Fa=(1-0.5R²)×Fy/(5/3+3/8×R-R^3/8)×α=1327 kg/cm²

2. Unbraced length Lbx=max(S3,S4)=2 m

3. Lc=min[640×bf/Fy^0.5,1400000/(d/Af)/Fy]=3.27 m (i)Check column behavior

4. m fa<Fa ~~O.K

5. Lby≦Lc      
~lateral support sufficiently        (j)Check beam behavior

6. Lbx≦Lc      1. fbx=Mx/Sx=33 Fbx=1584 kg/cm²

~lateral support sufficiently        2. fby=My/Sy=0 Fby=1800 kg/cm²

3. fb<Fb ~~O.K

(c)Compute allowable bending stress (Fb)
1. Lby≦Lc & Compact section     (k)Check interaction equation

kg/cm² 1. fa/Fa=0.314 >0.15

2. Lbx≦Lc & Compact section considering secondary bending moment,

kg/cm² need to check formula (2) & (3)
2. formula (1) fa/Fa+fb/Fb≦1.0

(d)Check deflection of strut fa/Fa>0.15, No need to check     

1. δ=5×(Wt+LL)×Lbx^4/(384×E×Ix)=0.005 cm 3. formula (2) fa/0.6Fy+fb/Fb≦1.0

2. δ/Lbx=0.000026 <1/240~~O.K fa/0.6Fy+fb/Fb=0.310 ≦1.0~~O.K

4. formula (3) fa/Fa+Cmfb/[(1-fa/Fe')Fb]≦1.0

(e)Compute moment(Mx) & shear force(V) of struct fa/Fa+Cmfb/[(1-fa/Fe')Fb]=0.332 ≦1.0~~O.K

1. Ms=(Wt+LL)×Lbx²/8=0.29 t-m where
2. Mb=0 t-m Cm=0.85

(∵no bracing) Fex'=12π²E/[23(KLx/rx)²]×α=31533 kg/cm²

m Fey'=12π²E/[23(KLy/ry)²]×α=10696 kg/cm²

m
3. Mx=Ms+Mb=0.29 t-m (l)Check shear stress

4. My=0 t-m 1. Allowable shear stress Fv=0.4Fy×α=960 kg/cm²

5. V=(Wt+LL)×Lbx/2=0.57 t 2. Computed shear stress fv=V/Aw=25.4 kg/cm²

3. fv<Fv ~~O.K

(f)Compute axial stress (fa)

fa=(P+Ft)/A=416 kg/cm² * According to above analysis, H250×250×9×14 is satisfactory.

Fbx=0.66×Fy×α=1584

Fby=0.75×Fy×α=1800

DESIGN OF STRUT

Radius of gyration about x-axis

Radius of gyration about y-axis

~inelastic buckling

Lu=max[rT×(7160000/Fy)^0.5,1400000/(d/Af)/Fy]=8.17

Ww

P P

S1

S2

L2

P
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-橫擋檢核(常時)

DESIGN OF WALE

A. ： 1 (normal condition)

B. ： 1 H350×350×12×19

C. Loading conditions

1. design loading Ww = 1.7 t/m

2. temperature load Ft = 30 t

3. spacing1 L1 = - m

4. spacing2 L2 = 5 m

5. spacing3 (computing P') L3 = 1.3 m

6. angle q = 45 °

7. factor of short term loadinga = 1

D. Section properties (for single wale)

1. area  A = 173.9 cm2

2. depth d = 35 cm

3. thickness of web tw = 1.2 cm

4. section modulus of x axis Sx = 2300 cm3

5. yielding stress Fy = 2400 kg/cm2

E. Check capacity

1. compute moment (Mx) of wale & shear force (V) of wale

L' = L2 = 5.00 m

Mx = Ww×(L')²/10 = 4.2 t-m

V = Ww×L'/2 = 4.2 t

2. compute axial loading (N)

Pw = Ww×L3 = 2.2

N = Pw+Ft = 32.2 t

3. compute allowable axial stress (Fa) & shear stress (Fv)

Fa = 0.6×Fy×a = 1440 kg/cm2

Fv = 0.4×Fy×a = 960 kg/cm2

4. compute axial stress (fa)

fa = (N/A+Mx/Sx) = 367 kg/cm2

fa≦Fa~~O.K

5. compute shear stress (fv)

fv = V/(d×tw) = 100 kg/cm2

fv≦Fv~~O.K

According to  above analysis,

1 H350×350×12×19 is satisfactory.

Wale level

Wale type

Ww

L3
L2

P' P'
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：管線開挖-鋼軌樁擋土支撐-鋼軌樁剪力彎矩檢核

 DESIGN OF SOLDIER PILE & WOODEN BOARD

Note:input the red  part only.
A. Conditon of soldier pile

1. Properties of soldier pile TYPE 6

Section modulus of X axis Sx= 242 cm3

Depth  d= 15.3 cm

Thickness of web tw= 1.5 cm

Width of flange bf= 12.7 cm

Yielding Stress Fy= 2400 kg/cm2

2. Maximun momemnt of pile (Mmax)p= 2.66 t-m/m at G.L.- 2.6 m (from rido output)

3. Maximun shear force of pile (Vmax)p= 1.65 t/m at G.L.- 0.5 m (from rido output)

4. Spacing of pile  L= 50 cm

5 Factor of short term loading   a= 1.25 (1,1.25,1.33,1.5)

B. Conditon of wooden board 

1. Maximun earth pressure Wmax= 3.22 t/m2 at G.L.- 3.00 m (from rido output)

2. Thickness of wooden board t= 1.5 cm 

3. Allowable bending stress (Fb)w= 135.0 kg/cm2

4. Allowable shear stress (Fv)w= 10.5 kg/cm2

5 Factor of short term loading   a= 1.25 (1,1.25,1.33,1.5)

A. Check soldier pile
(a)Check bending stress of soldier pile (fb)p

1. Compute section mudulus of soldier pile per meter

484 cm3

2. Reduction of section modulus of soldier pile

339 cm3

3. 785 kg/cm2

4. 1800 kg/cm2

5.

(b)Check shear stress of soldier pile (fv)p
1. 36 kg/cm2

2. 1200 kg/cm2

3.

B. Check wooden board 
(a)Calculate moment(Mmax)w & shear force(Vmax)w of wooden board

1. L'= L-bf= 0.373 m

2. (Mmax)w= Wmax*L'2/8= 0.06 t-m

3. (Vmax)w = Wmax*L'/2= 0.60 t

(b)Check bending stress of wooden board (fb)w
1. Section modulus of wooden board

38 cm3

b=unit length of wooden board=100cm 

2. 149 kg/cm2

3. 169 kg/cm2

4.

(c)Check shear stress of wooden board (fv)w
1. 6.01 kg/cm2

2. 13 kg/cm2

3.

1.5 cm is satisfactory.

(fv)p<(Fv)p~~O.K

(fb)p<(Fb)p~~O.K

*According to above analysis,

(Fv)p=  a0.4Fy=

(fv)w=3(Vmax)w/2A=

Sx'=Sx/L=

thickness of wooden board 

  a(Fv)w=

*Accoring to above analysis,

(fv)w<(Fv)w~~O.K

50kg rail

(fv)p=(Vmax)p*L/(d*tw)=

is satisfactory.

S=I/y=(b*t3/12)/(t/2)=

(fb)w=(Mmax)w/S=

(fb)w<(Fb)w~~O.K

50kg rail

Sx''=0.7*Sx'=

(fb)p=(Mmax)p/Sx''=

  a(Fb)w=

(Fb)p=  a0.6Fy=
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：設計計算書-門型擋土框架分析檢核

§1-14 門型擋土框架分析檢核(≦1.7m)
門型擋土框架(開挖深度≦1.7m)

1.門型構架採H100*100*6*8(橫擋/支撐/立柱)及厚度6mm鋼板

2.高度1.7m(開挖深度),縱向寬度2.2m(管渠軸向),橫向寬度1.1m(開挖寬度)

3.擋土側設置鋼板(兩邊)

4. E=2040t/cm2,Fy=2.4t/cm2

5.橫擋/支撐/立柱 H=100mm,B=100mm,tf=8mm,tw=6mm, A=21.59cm
2

    Ix=378cm
4
,Iy=134cm

4
,rx=4.18cm,ry=2.49cm,Sx=76cm

3
,Sy=27cm

3

7. 視土壓力採Peck(1969)建議之視土壓力分佈,視土壓力係數0.4,

    視土壓力如下圖梯形分布,

    依H=1.7m,γ=1.86t/m3,超載=1.5t/m2,水位不考量下彙整如下圖

8. 每階支撐與橫擋受力以半半法考量

第一階橫擋=0.5*(0.6+1.53)*0.35=0.37275t/m

第一階支撐=0.37275*1.1=0.41t(間距1.1m)

第二階橫擋=0.5*(1.53+1.86)*(0.425-0.35)+1.86*(0.85-0.075)=1.568625t/m

第二階支撐=1.568625*1.1=1.7254875t(間距1.1m)

擋土側

擋土側

1.7m

1.1m

2.2m

鋼板

0.7m

1.0m

0.075m

H=1.7m

H=0.7m

H=1.0m

1st支撐

2nd支撐

0.25H=0.425m

0.25H=0.425m

0.5H=0.85m

0.6t/m2

1.86t/m2

0.35m

0.85m

0.425m

0.425m

超載q

=0.4*1.5=0.6t/m2

視土壓力0.4γH

=0.4*1.86*1.7≒1.26t/m2
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：設計計算書-門型擋土框架分析檢核

9. 構件容許強度分析及檢核

支撐 第一階支撐fa=0.41/21.59=0.019t/cm2

第二階支撐fa=1.7254875/21.59=0.0799t/cm2

Cc=(2π2E/Fy)0.5=129.53

(KL/r)max=110/2.49=44.177 < Cc---非彈性挫曲

R=(KL/r)/Cc=0.3411

H型鋼為結實斷面

故Fa= Fy*[1 - 0.5*R^2] / [5/3 + 3*R/8 - R^3/8]=2.00656t/cm2

famax=0.0799<Fa-----OK

橫擋 橫擋最大彎矩Mmax=(1/8)*1.568625*1.12=0.237t-m

橫擋最大剪力Vmax=(1/2)*1.568625*1.1=0.863t

fb=Mmax/Sx=0.237*100/76=0.312t/cm2

fv=Vmax/(d*tw)=0.863/((10-0.8*2)*0.6)=0.171t/cm2

bf/2tf=10/2*0.8=4

d/tw=(10-0.8*2)/0.6=14

545/(Fy)0.5=11.12

5370/(Fy)0.5=109.614

bf/2tf<545/(Fy)0.5;d/tw<5370/(Fy)0.5---結實斷面

Lc=min{640bf/(Fy)0.5,1400000/[(d/Af)Fy]}

640bf/(Fy)0.5=640*10/(2400)^0.5=130.64

1400000/[(d/Af)Fy]=1400000/[(10-0.8*2)/(10*0.8)*2400]=555.56

Lc=130.64cm

間距為110cm<Lc 則Fb=0.66Fy=0.66*2400=1.584 t/cm2

fb=0.312<Fb---OK

fv=0.171<Fv=0.4Fy=0.96t/cm2---OK

立柱

考量第二階支撐至開挖面間土壓力

=[1.86*0.575+0.5*(1.86+0.6)*0.425]*1.1/2=0.876t/m

Mmax=0.876*12/2=0.434t-m

Vmax=[1.86*0.575+0.5*(1.86+0.6)*0.425]*1.1=1.751t

fb=0.434*100/76=0.571<Fb=1.584t/cm2---OK

fv=1.751/[(10-0.8*2)*0.6]=0.347<Fv=0.4Fy=0.96t/cm2---OK
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：設計計算書-鋼襯版工作井計算

§G7-1 §G7-1 §G7-1 §G7-1 圓形工作井鋼襯鈑檢核(圓形工作井鋼襯鈑檢核(圓形工作井鋼襯鈑檢核(圓形工作井鋼襯鈑檢核(D=700cm,H≦3m)D=700cm,H≦3m)D=700cm,H≦3m)D=700cm,H≦3m)

形狀尺寸 半徑： 350 cm 土質條件：粉土質黏土CL1

直徑： 700 cm 單位重γ： 1.86 t/m
3

深度： 3 m 內摩擦角φ： 28

土壓力係數Ｋ： 0.60 凝聚力Ｃ： 0 t/m
2

超載荷重 q= 1.5 t/m
2 地下水位： 2.3 m

容許應力 鋼襯鈑（S S 330) σca= 1560 kg/cm
2

容許應力 型鋼（S S 400) σsa= 1820 kg/cm
2

發進工作井鋼襯鈑設計發進工作井鋼襯鈑設計發進工作井鋼襯鈑設計發進工作井鋼襯鈑設計：：：：

1.土壓力計算土壓力計算土壓力計算土壓力計算：：：：(依據道路橋示方書依據道路橋示方書依據道路橋示方書依據道路橋示方書））））

 Ph = K ( γ
'
h +q )+Pw h<=h0=15m P w = 0.7 t/m

2

 Ph = K ( γ
'
h +q )+Pw h>15m h=15m

式中： P h = 4.528 t/m
2

Ph:土水壓力(t/m
2
)

Pw:水壓力(t/m
2
)

K:靜止土壓力係數

γ=土壤單位重(t/m
3
)

2.圓形鋼襯鈑斷面挫屈檢核計算圓形鋼襯鈑斷面挫屈檢核計算圓形鋼襯鈑斷面挫屈檢核計算圓形鋼襯鈑斷面挫屈檢核計算
 鋼襯鈑性質：

鈑厚  t= 3.2 mm 採用3.2mm鋼襯鈑

AL= 47.12 cm/m

ZL= 54.4 cm
3
/m

IL= 168 cm
4
/m

補強型鋼型號(性質) H125*125*6.5*9 間距= 2 m

補強環型鋼 IH值= 847 (cm4/m)

補強環型鋼 ZH值= 136 (cm3/m)

補強環型鋼 AH值= 30.31 (cm2)

圓形部份容許之挫屈荷重：

5.79 t/m
2 >= 4.53 t/m

2
OK!==

3

2

r

EI
q a =

2
q
a
=
2
q
a
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Project：臺南海水淡化廠輸水管線統包工程(第一期)

Subject：設計計算書-鋼襯版工作井計算

3.鋼襯鈑應力檢核計算鋼襯鈑應力檢核計算鋼襯鈑應力檢核計算鋼襯鈑應力檢核計算

 土壓力產生應力檢討：

1.壓應力 336.3 kg/cm
2 <= σca =1560 kg/cm

2

<= σsa =1820 kg/cm
2

OK!

2.半徑方向變形 δ0=0.01r  時發生最大彎曲應力

1.158 t-m/m

859.0 kg/cm
2 <= σca =1560 kg/cm

2
OK!

1473.68 <= σsa =1820 kg/cm
2

OK!

0.756644

0.284024

=+=
L
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Z
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生態檢核附表 D-02 生態專業人員現場勘查紀錄表 
編號：01-基礎設計前現場勘查 

勘查日期 民國 114 年 2 月 21 日 填表日期 民國 114 年 2 月 25 日 

紀錄人員 湯谷明 勘查地點 工程基地

人員 單位/職稱 參與勘查事項

李仲耘
美商傑明工程顧問股份有限公司

台灣分公司/水管網技術部工程師 
提供設計構想與諮詢生態意見

湯谷明 羽林生態股份有限公司/經理 確認工程預定路線環境現況

徐士恆 羽林生態股份有限公司/研究員 確認工程預定路線環境現況及鳥類調查

現場勘查意見

提出人員：湯谷明、徐士恆

處理情形回覆

回覆人員： 李仲耘

本工程預定路線西段（臺南海水淡化廠預

定地至西部濱海公路台17線之南26線）沿

既有道路穿越大面積濕地，由於此段位於

鳥類敏感區域內，且現勘時亦有觀察到一

級瀕臨絕種保育類黑面琵鷺活動，視為高

度生態敏感區。建議本工程採分段施工，

此段施工迴避黑面琵鷺及其他候鳥過境與

度冬期（9月至隔年5月），並將施工範圍

及機具與工料暫置區限縮在既有道路上，

以減輕工程對鳥類的影響。

本工程初步規劃於細部設計階段擬採分段

設計分段施工方式辦理，將工程依據輸水管

線路線長度、道路及位置概分為三個區段，

工程預定路線西段（南26線）涵蓋濕地範圍

約3km ，預計本年度7月先行施工，以利本段

工程得以於候鳥過境前完成。施工期間若與

候鳥過境與度冬期有所重疊，會將機具與工

料暫置區限縮在既有道路上，施工時進行必

要減噪措施，如採用低噪音設備並加裝遮音

設備、減少連續操作時間避免工程對生態造

成影響。

由於水鳥高度依賴水域環境，因此濕地水

質狀況好壞將影響水鳥生存。建議本工程

應妥善規劃工程相關廢棄物堆置及汙水排

放事宜，施工期間應避免汙水排放至濕地

內及周邊渠道等水域環境，且亦應避免機

具油汙、柏油、水泥砂漿、工程廢棄物等

洩漏至工區外。

管線工程進行時，其開挖產生之土方，由車

輛載至鄰近之土方處理場，並於載運時用防

塵布或其他不透氣覆蓋物緊密覆蓋防止載

運物料掉落地面之防制設施。開挖時抽取之

地下水會循環利用，施工所產生之廢棄物

(如開挖土方、瀝青、混凝土、廢棄植栽等)
由合格業者負責清除處理。




