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ABSTRACT

Key Words: Wind Design Code, Numerical Simulation, Wind Tunnel Test

1. Background

Regarding the evaluation of wind pressure on building surfaces in the local
wind design code, suggestions are provided under three types of ground
conditions in a plain area by assuming that the wind velocity profile is in a
power-law shape based on a quasi-steady theory. When the ground is not flat, a
topographic coefficient is introduced in the code to emend the difference due to
the topographic effect in areas with an escarpment, ridge and hill. As this concept
is adopted directly from the related U.S. design code, additional investigations
must be performed to assure its validity since the topographic characteristics in
Taiwan is much more complex than that in a continental region.

In Taiwan, the number of buildings in mountain territories is increasing due to
lack of plain areas. Generally, the wind behaves highly unsteady. Whether the
method of wind pressure evaluation based on the quasi-steady theory is acceptable
or not is a doubt and needs extensive studies to assess its conservative extent and
further propose possible modifications or supplements for the present code.

To explore the effect due to the topographic factor, wind tunnel tests and
numerical simulations are both carried out in the study. Measurement results from
the former are used to guide and confirm the accuracy of those from the numerical
calculations. After the validity of the numerical model is assured, the predictions
of high-Reynolds-number wind fields are then performed systematically. The
collected data base will serve as the basis to bring about assessments and possible
code amendments.

2. Methods and Procedures
The methods and procedures of the study includes
— execution of certain standard wind tunnel model tests (escarpment, ridge and

hill) and measurements of wind velocity profiles(mean and root-mean-square

Xl
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values),
— execution of wind flow computation and validation of its accuracy,
— achievement of full-scale flow results at high Reynolds numbers,
— establishment of a data base of the numerical wind field results,

— and suggestion for assessments and possible code amendments.

3. Important Findings
(1) Validation of the numerical method in wind profiles prediction.
(2) Establishment of wind profile data base.
(3) Assessment of code applicability and suggestion for future code modification.

4. Major Suggestions
The major suggestions of the study are as follows:

(1) Encouragement of additional funding to wind-engineering projects regarding
the application of CFD
This has been emphasized by the members of the consulting committee during
the meeting.

(2) Suggestions of modification of related wind design codes
According to the comparison between the predicted wind profiles and those
proposed by the codes in terms of displacement thickness, suggested values
related to the topographic factor are presented.

(3) Development of CFD program in ABRI wind tunnel laboratory
In most of the internationally reputable wind tunnel laboratories, there is
always a CFD program responsible for numerical analysis. It is suggestive that
the ABRI wind tunnel laboratory develop a CFD team to promote its service
level and research capability.

X1
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q(z) = 0.06 K(z) K[l V1o(C)]? (1.1)
B S K@):h i BRE R Gl PELIEE G 2SR 23 REEE
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K(2) =2.774(ij . z>5m (2.1)
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\ 60 cm 60 cm T‘

B 3-5. P HEA Y L RS TR F
(a) H/L,=0.3 (b) H/L,=0.5
FHOkR D AT R
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vy
i

¥ ROk R

¥ o8 KR FRF

BFRRRERGHERAT LR R - PRFRA A RBE
£30mo #56 5 40m(F)x2.6m(B) B2 hd 5 3Tm/se LS E
ER4RP2 CBmiriEs AER R FERS A8 R
WA R 2 RBE 0 2 TR OFRIERY GG RAGFIE LR
(spire) & 3 % fekk ~ (% L B 3-6 1 B 3-9)> 0 @ ag NI €2 ki =

B 3-6.Cxnp g~ XERYE
TR KR AFEL R

Spire
(30 + FLMESOem) R
f——
O o
lst‘.k:m}I ‘ - ' Blem H\\\

W3-7.Crmpipa®kiifsw
FHR kR AELER
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o
EECELE B ST NP SRR

I ¥

160cm

W 3-9. # L&~ (6 cmx 10cmx 4 cm)F K i T B
TR AR AL AT
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vy
i

F b OFE&

¥z & pEEa

Iu

*hoFESE 2 E R hiE* DANTEC 2 |28 /& i# & (constant
temperature anemometer > 4 L ] 3-10) c 1 5 3F 4+ (B) 3-11)ehF 2.2 |
P FRE RSN RS R AR F T R R E AR E(TA
PuE) BH B E BRI RS T o L BAUE ST
BT REE FYNRS B BEESHLEEFN - fe 3 57

Ve fFE S RN A AR R 2 R e

W 3-10. | if i &

R EERE REFTRE G BRI YR RN
& 4 1000 Hz » * 8L BIFFRF 5 65 4)

Rk #3e 2 2R ARAE S LA ELEFRD A BN x =
(6H+2Ly) ~x/H=-6 22 x/H=-6 2 %76 £ {7 > B & % 2 % 5 # & ##
BV E L @ RERFEE L e T - 6 0 R @G 2 R

2 x/H=-2,-1,0,1,2,3,4($ LB 3-3 2R 3-4)% 7B L3 %5 &
FoE R el E RS S PR U B N 2 FE
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Proks A0 b R G 2 it AR MK 2 2

(b)

W 3-11. #s¥F 4

(a) Lra i (3150 55P14) (D) B & Le it (3150 55P1)
FHR kR AP ER
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+4
=

§ SRR

-~ kynh i@

EHRERRTR B3-12 1 W34 FBAE  LE e L
W B A x = -(6HH2Lp)~x/H=-6 ¥ x/H=-6 (#-:*#% *» H=15cm;
S 0L 333 B 3-5)85 2 mFl S TR E B b R EN o
SR BAESLE R kR B2 R g R AR KA
SAE 124piT o A o Al F R d A AL BRI P A

PR RERLEIG AL T EFaR o

(w,

1.2 1.2
<&
1.0 A Experimental 1.0 &
power law o =0.14 <&
<
<
<
0.8} 0.8
7/8 7/
0.6 06l ©
- L <

0.4 0.4 s

<

<

<
0.2f 0.2 <><>

&
<
0 1 1 0.0 1 1 1 © 1
'%.O 0.2 0.4 0.6 0.8 1.0 12 ] 3 6 9 12 15
1 o,
U@V, u /U, (%)

W 3-12. RAEABA RN TIHOR ZFER #EIHREY
(6=120cm; Us=11.12 m/s)
TR KR Ay R

S W ]
B 3-15 2 B 3-17 &~ & &1 @ &2 ~ L #F 206 i (H/Lp=0.3)
LR G2 THhE3e BREE o M BITLEERS R SR E RS

4

ljﬁ_.'

Iy

Sk p o
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

1.2 12
&
1.0 AN Experimental 10 o
power law o = 0.09 <
0.8 0.8l
<
7/ 7/
06 0.6}
<
<
041 0.4} o
<
<
<
0.2 0.2} o
<
<
<
0 1 1 1 1 0.0 1 1 Q 1 1
'%.O 0.2 0.4 0.6 0.8 1.0 1.2 o 3 6 9 12 15
' 0,
U(z)/U; u' /U (%)

B 3-13. LHF ARG T IOl FEREH T VEY &
(06=105cm; Us=14.12 m/s)
TR KR DAY R

1.2 1.2
<&
1.0 A Experimental 1.0 &
power law o =0.14 <&
<&
<&
<&
0.8 0.8
7/d 7/

06| 06| ©
04 04f A

fod

<&

<&
0.2f 0.2 <><>

&
<&
0 1 1 1 1 0.0 1 1 1 © 1
'%.O 0.2 0.4 0.6 0.8 1.0 1.2 0 3 6 9 12 15
' o,
U(2)/U, u /U (%)

(8=120cm: Us=15.41 m/s)
TR KR Ay R

=
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FZ R b OFE%K
(a)
Escarpment H/L, =0.3
o o o o
o
o o
o 0 0 o
o o S 8 3 9 S
9 o g 8 S S 3
S 3 S o 0 O 0
S S S o ¢ o o
S S 5 o o 0 o
: N S R
S S - <
fox S Reference o Experimental
x/L, =-3.8 -2 -1 0 1 2 3
(b)
Escarpment H/L =0.5
o o o o
o o ©
o o o o
o
© °© o o o o
o
O | g 5 § 5
j ﬁ Reference o Experimental
x/L, =-3.8 -2 -1 0 1 2 3

B 3-15. RE#A#FHRLEs THOREI G
(a) H/L,=0.3 (b) H/L,=0.5

FH KR AR L ER



PRy A5¢ bR

(a)

X/Lh=—2

(b)

O

0]

¢]

x/L,=-2

W 3-16. L ¥ HIABEHRLE R

26

L
&OOOOOOOQO o

]

Reference

1
p—

|

o
S‘ O©0000o000 o

Reference

-1

o Experimental

o Experimental

¢}

O
o

O
o

NARR

0

o

o)
©0000000

1

(a) H/Ly=0.3
TR LR AFEL ER

2 AR MR L R

Ridge H/L =03
O O O
o] O @]
O (©] C
(@] O ©]
@] O O
O O O
O O O
@] O O
O O O
O O O
Q o4
2 3 4
Ridge H/L,=0.5
O
O O
(6]
O ©]
O
O O
@5 5 j
Q

V=

Toh & 36

(b) H/Ly=0.5

-



¥R OB FE%R

Hill H/L, =03
o
o) o)
o) o o) 0
S

o) 8 o 8 o) o) 0

o o O O o e} o)

o) 0 8 0 0 o o

0 0 S O 0 0 o)

o) o) S O 0 0 o)

o O o o o o o

o ¢ o [©) o) O

-_y \ = ’Q (Q

x/L, =-2 -1 0 1 2 3 4
(b)
Hill H/L,=0.5
o)
o) © o © o o o)
e} O
o o o) o) o
e} O

o) é o o o)
__ﬁ;g/i—\* o O @j j

x/L,=-2 -1 0 1 2 3 4

W 3-17. L e HAFEHREF e TR F e (P & 5%5)
(a) H/L,=0.3 (b) H/L,=0.5

FHAR : AT F ER
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g

compressible-flow method ;
& 2. = 4 (three- dimensional) ~ #4472 %_(unsteady) ¥

A E L -
2o Ee A H e Rt AE N EHEB S

=

?@ﬁmﬁaaﬁgﬁﬁ;ﬁ

$rd EEER

yr i EEKR

PR OHEE R B Y T R & r a2 2 (weakly-

£ )[14] > radgiplHE IR 4G ¢ 4p
o (turbulent) b 3 -

i 4 WCF ;2

S IR IR Y T
%@ ([15] = [18]) -

- ~WCF #icig > 23/

T RN e

M (viscous) it H 2. f# 47 & #

v
e

;,H_TCJ ,p\V\

BT S LT (A1)

¥ - 2w oo 5 & #ic(low-Mach-number)

B Bk

E1E (non-viscous) it 3 > 5 3% E
AR B E AR A Y

_ 2,7, N
° 1’:"_.: R e '/E ¢

op =
—+V-(pV)=0

5V eV) 4.1)
WV V.vV=-Lvp

ot P (4.2)

prt AHRATHRER - EFReE RS EERF o &

77 ) %
AT 5

op 27
—+V-(pc°V)=0
Py (pc” V) 4.3)

2 ARF IR E A T (4.2)

\1);\; %

F(E RS

oV -
oV (VV) V( LAWY, 0
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PRy A0 b B 6 2 et B AP MR R 2L 25k
H ¢ vi @ HF R (Kinematic viscosity) °

#-(4.3)5 &2 (4.4) 5% fz @ T ¥5(space average) s H B ¥ 14 4y
’]‘%‘:‘* ?‘: %]);L» (index notatlon) %\ T ;‘—5,. ("_" —2-\ I 15 (average) LU %—\ % #
(fluctuation)® i» » u;=U+u; » p=p+p")

op 0 , o,—
—+—(pcu)=0
8X_(p i)

ot ox, (4.5)

ou,  0uu; _ a(p/p)
ot 0X; 0X;

J

0 | = == =— —— 3y,
+— - Uu; —uiu; —uu) = (Uu —uu) + v o
OX; oX. (4.6)

]

d g %T 5:;,;5;;(u;uj—uiu;+(uiuj—uiuj)=0) ' (4-6)5% & %

ou, ouu, 6 (p), @ = 1= oy,
+ =— — |ty WU DU Sy |V —
ot 0x; oxi\ p ) OX, 3 OX; (4.7)

v * P
#¢ > 8 & Kronecker delta & ; P =P+ Uil;d

19 95 i v Ak R 3K (eddy-viscosity hypothesis): = 1 ¥ 5 T &

R TG S = a_U_J+8_u_I
_(“i“J‘EU‘“"S”):“S” N A (4.8)
Hoe Vg Fingbd AR o Fl o (4837 £ 5 5
u,  duu, o (p ). o (Tijj
+ =- e B R
ot 0x; oxi\ p ) ox;p (4.9)

B GG Kk RA N e T AT RS fe A R TR

P4 % B R 2 5 Smagorinsky[19]: ik 2. 4r {8 25 0 ¢
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v, = (CsA)*,[2S;S, (4.10)

B o A3 pefatFmE 2 o @ Co 2 Smagorinsky # # -

R EE

S ECE Y BB R E 22 AT b s # F 2 R (stationary
boundary)m = - 3+ ¥ ¢ %3t 8 % # R b 2 4 5+ 2 (phantom point) %
LR FFLEN S AR F R NER L P

BREREG G r R G BB LKA G L EE N TR

v
N
RSN
&
'+
2

2 G BER %S 3 7 # i% 2 (no-slip condition) - @
AEB TS ERACERA e NG AR)Z BHEBA G REFAL PR
FHLET2 o AR 5 BN nd g 2 THRS L NF2L 2T

7 7

B4 HBER LR B SR N R R L PR R

I P ERBERRE

¥R R s LA L e 2 FR s L A ( HILK=0.3 5 b)) 2 S 3t
)i
BPAOHH 28 6 3 R): @ kT2 5 > 38 %z rjn/d i 2y

¥ % # (computation domain)4c LBl 4-1 A3 = v > 2 E F 2

<k

B2 FFEZEEER i FIE R I R2ZFLEIHRK o

BeEHRY F 2L AP ERRERAE S L L R
H/Lh=0.3)4- 2 B 4-2 > &)} 4% % -] % 0.05H - a2tz 2 ¥ int 5 &
#2¢ » @& )= (dimensionless)z. p& ¥ # £ (time increment) 3 2.7x107° »
Z 3 E B Rz 4% E T E pr(real time)F & X 5 800
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

(a) & &
9H
x>0
] o
' SH YT 4L, % 25H (B AfL) '
(b) %
9H
x>0
A
Hi T~
T AL, ) 4Ly % 25H (BRix A f4) '
©)
9H
x>0
A
H T~
ST i, ) AL, % 25H (¥ A L) .
WAl 3+ 5% 2a f 1 W

FAH AR AP ER

32



R Bl

(a) & &

Escarpment

(b) L %

W 4-2. 3B R
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

34



HERREES2%E

AOERYEREEERIMHRER  FLY RRBE L F L
FoAl kY B2 kinh @36 (%L B 3-1235 B 3-14)F 5 #k i@ i
ZoNGRTE R s A BT R BT R 2 5 o
B %o Bl 4-3 1B 454 9 & H/Ly 5 0.3 0.5pF>
BAE S LA B LE 2 BHERT IO 2R B AR AN
;w@4@,%wgﬁ%a@$@$%gi
B BEHERREER ARG A LR T - 35 0 AL L
B (B 4-4 22 B 4-5)7 o d 3t p H TR 15 F] A Jn(separation)z A 4 @
H ok 2LE % _(unsteady) s b i R (reverse flow) sk % » @ 2 # AR iE R
it ERIPFY RZI e AFEND e 2 b Fp s ARG K
BTk o el BRSEST AN EEEFRNFERFLGFL o H
_d R G EFE e d B 4-4 &2 Bl 4-5
C AARHBREE G RE O  KEEEREET AL LR
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

(a) H/LH=0.3
Escarpment H/L,=0.3
o o @] @]
O O
S
b 5 g
Calculated U o Experimental
x/L, =-3.8 -2 -1 0 1 2 3
(b) H/LH=0.5
Escarpment H/L, =05
Q O O @]
Calculated U o Experimental
2 3

x/L, =-3.8 -2 -1 0 1

W 4-3. REKEHFEHRTHOREI 6 REF
TR kR AT R
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B dE R

(a) H/LH=0.3
Calculated U o Experimental Ridge H/L =03
O
O
S j
i > 1 7 8
x/L, =-2 -1 0 1 2 3 4
(b) H/LH=0.5
Calculated U o Experimental Ridge H/L =05
o
O O
| _— (o° Q
x/L, =-2 -1 0 1 2 3 4

W 4-4. hl'*“ﬁtfﬁi'%éﬁsif—::h NEIE AR Y )
TR KR AP ER
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PRy )0 b R G 2 T8 AR KR LR

(a) H/LH=0.3
Hill H/L,=03
i O\OI OOO CQO (g?
x/L=-2 -1 0 1 2 3 4
(b) H/LH=0.5
Hill  H/L,=05
(@]
@) O
| — " T |2
x/L=-2 -1 0 1 2 3 4

38



$rd EEER

28 FHERE AR F kR

ETIN

TRBARRGFERAS AR KRRV PRI EREER
A RTLER A FRERZIFRERER L Ba 0
£ A8 FHEA0N)NFRTRE 2 b H R E R RS AR
A L FELE A AEARE AP R e 2 TR b F R
BHe 3(H)5 1004 ¢ 3 far (- a2 LBz 2l 5)
34 R(A~B¥ C)& 6 By & (H/Ly=0.1, 0.2, 0.3, 0.4, 0.5, 0.6) -
B AR ASBC B mg® o Jiif i 4o B 4-6 1 B 4-8 7
7o TEREIe A REZaEAS NS 032025 % 0.15> &+ ¥ i
B w G 12% ~ 9% 4% o

1.2 1.2

1.0 Territory A a=0.32 1.0

0.8 osh

z/5 2/

0.6~ 0.6t

0.4 0.4H

0.2 0.2

1 1 1 1 1
90 o0z 04 06 08 1.0 1.2 09 4 8 12 16
U(2)/U; u' /U, (%)

W 46 SEHREHE > "8 d R EIR (AFR)
TH KR AT ER
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

1.2 1.2
1.0 Territory B a=0.25 1.0H
0.8 0.8H
z/8 2/
0.6 0.6
0.4 0.4
0.2 0.2F
0.% 1 1 1 0.0 1 1
0 02 04 06 08 1.0 1.2 0 4 8 12 16
U(2)/U; u' /U, (%)
W 4-7. BcEiE* B s R #ENG (BFR)
TR kR AT R
1.2 1.2
1.0 Territory C a=0.15 1.0
0.8~ 08H
z/5 2/
0.6~ 0.6
0.4 0.4
0.2 0.2
0. 0.0 1 1 1
0 o0z 04 06 08 1.0 1.2 0 4 8 12 16
U(2)/U; u' /U, (%)

B 4-8. ¥ @A > 7 E G B E 3 (CHR)

FH kR AR R
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LR
T AR p ERREE

- N MR REEFR
EHEEF e MA9IWMAIl - wRAEAYAEA B,
Czfy RT TR d e @RFPERI G 20 o 5 T3 5 4p
B R E R @ e kg h @ BES((L1)N)? F* i Gk
(Il E)5 12 Fmrdami@oTiah a2 v AT Bk ER
FERE A RApE o B - R AR AR A(x=-2L)
FHREZEHA e (X2 w)A 4 0 L FARAE Z B P A (adverse
pressure gradient) » & & T 32:E B 3% RiT¥ 6 el R R R o (3
(VRS S B e NN i o ﬁﬁ»(contractlon) oA om [18]) - ¢ B 4-9

W 411 7R BB R S % AT ﬁﬁx%’m&%%éﬁﬂ
BoPRE GRS o d MR ERFPROIRERLLE A G

RFPERLEEHETF -
Bl 4-12 2 Bl 4-14 5 = fa 5 R T R #3505 P E G 2 KRS o
% (5L B 4-6 2 4-8)4p %
B B R AR R G (X=-2Lp) 2 KU B S F oA F AR R chE L o
FAoTH e R PFERPN o TR RMGH o HETRL 0 R

WG R AP R AT AL R

For i G (Xx=-6H-2Lp) 2 %% 32 R E 2 W

BN AR N A - L

Bl 4-15 2 B 4-17 Pl &7 - L F R T3 e Bk oo

=
Ar S
o
=]
[
0
&
a0
\_y

G TR SR G R A - R T HR

Flo BAH s BRI A A 2 o Bl 4-18 1 R 4-20 5 A B2 Kw 32

S PRERFEIREE o AR R REHIRENTLEREEG
(XILh=0)7 7 w2 2 AR% ; R BT 3280 (5 b @I RENTE

T oA o RS E TR 0 Acda M G 2 W (X/Lp<O) R i #5212



PRy A0 b B 6 2 et B AP MR R 2L 25k

Bop Foonodm g XILp>0 8k #35 FRER A& ZNHE IR

SR

ERRE N i

B 4-21 2 B 4-23 B - L & R TR @ e B oo Al

g P AERE2<Xh<0) 3 E A FL Rk #E e G RAFERE
Mo B IR ﬂ%%%@ﬂ*ﬁm,@ﬁ¢ B o R Tz A4 o i@

PREX BT ESREQE LA 2 R ) .

2
) ‘%
IS W

24 2 R 4-26 FARRZ KBS RER ZE IR B E oo AR

Bog 2 % (XILp<0)> b #3593 2 E R Kinfk F 2 Fimem & x/Lp>0

ﬂ

sy
1 ’
|

=

G

G RER TS B R AE TR g o T

X=4Lp > B #3597 §T 0 5 AT b 2 A8 o

42



LRI 34

H/L =01 Territory A (o =0.32,3=5H)

O Calculated U o Code
X/ Lh =-2 -1 1 2 3 4
H/L,=0.2 Territory A (=0.32,5=5H)
O Calculated T o Code
X/ Lh =-2 -1 1 2 3 4
H/L =03 Territory A (0=0.32,3=5H)
O Calculated U o Code
X/ Lh =-2 -1 1 2 3 4
W49 RAKEZRP THR EI 6 RE(AKFR)
?7}»’1//51d&£51“7§ﬁ'—_
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PRy )0 b R G 2 T8 AR KR LR

H/L =0.4 Territory A (0 =0.32,5=5H)

O Calculated U o Code
x/ Lh =-2 -1 0 1 2 3 4
H/L =05 Territory A (o =0.32,3=5H)
O Calculated U © Code
X/ Lh =-2 -1 0 1 2 3 4
H/L,=0.6 Territory A (=0.32,5=5H)
O Calculated U o Code
X/ Lh =-2 -1 0 1 2 3 4

M4-9 BAEEKEZRPT 08 &35 RF(A S R) ()
FAL KR L A L
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LRI 34

H/L,=0.1 Territory B (=0.25,38=4H)

Calculated U o Code

x/L, =-2 -1 0 1 2 3 4
H/L =0.2 Territory B (a0 =0.25,3=4H)
o Calculated U o Code
x/L,=-2 -1 0 1 2 3 4
H/L =03 Territory B (a0 =0.25,3=4H)

[®)

x/L,=-2 -1

W 4-10. B &
R

TR kR

Calculated U o Code

0 1 2 3 4

HEARPLTIOR E 2 REI(BHR)
LY
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PRy )0 b R G 2 T8 AR KR LR

H/L =0.4 Territory B (a=0.25,8=4H)

S—

o Calculated U o Code
x/ Lh =-2 -1 0 1 2 3 4
H/L =05 Territory B (a=0.25,8=4H)
< Calculated U o Code
x/ Lh =-2 -1 0 1 2 3 4

H/L,=0.6 Territory B (a=0.25,3=4H)

S

Calculated U o Code

x/L, =-2 -1 0 1 2 3 4

W4-10 BAEFEHLPTIOR E 36 RE(B ¥ R) ()
FHRKR: AP ER
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LRI 34

H/L,=0.1 Territory C (a=0.15,8=3H)

Calculated U o Code

x/L =-2 -1 0 1 2 3 4

H/L =0.2 Territory C (a=0.15,3=3H)

Calculated U o Code

x/L=-2 -1 0 1 2 3 4

H/L =03 Territory C (a=0.15,8=3H)

Calculated U o Code

x/L =-2 -1 0 1 2 3 4

W 4-11. REFEEHRF TIOR3 36 - RF(CH#R)
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PRy )0 b R G 2 T8 AR KR LR

H/L =04 Territory C (a=0.15,3=3H)

_—

Calculated U o Code

x/L, =-2 -1 0 1 2 3 4

H/L =05 Territory C (a=0.15,8=3H)

—_—

Calculated U o Code

x/L =-2 -1 0 1 2 3 4

H/L =0.6 Territory C (a=0.15,8=3H)

S

Calculated U o Code

x/L=-2 -1 0 1 2 3 4

W4-11 BAEEKESERFTI50 3 36 RFI(CH ) (F)
FH AR AP ER
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10%

x/L,=-2 -1

10%

x/L, =-2 -1

R Bl

H/L =01 Territory A (=0.32,5=5H)

Calculated u'

1 2 3 4

H/L =0.2 Territory A (o =0.32,5=5H)

Calculated u'

1 2 3 4

H/L =03 Territory A (o =0.32,3=5H)

\

Calculated u'

1 2 3 4

W 4-12. B FE&EHHREL 92 REF 6 B(A ¥ R)

FH kR ARG R
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

ﬂ} H/L =04 Territory A (=0.32,5=5H)
Calculated u'
x/L, =-2 -1 0 1 2 3 4
ﬂ)‘ H/L =05 Territory A (o =0.32,5=5H)
Calculated u'
x/L,=-2 -1 0 1 2 3 4
ﬂ] H/L =0.6 Territory A (a=0.32,5=5H)
Calculated u'
x/L,=-2 -1 0 1 2 3 4

W 4-12. R ABEEL E5 RE 6 F(A ¥ R) (F)
FHRAR: AP ER
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R Bl

ﬂ)' H/L =01 Territory B (a=0.25,8=4H)
S/ Calculated u’

x/L, =-2 -1 1 2 3 4
ﬂ H/L,=0.2 Territory B (a=0.25,8=4H)
g/ Calculated u'

x/L, =-2 -1 1 2 3 4
ﬂ)‘ H/L =03 Territory B (a0 =0.25,3=4H)
L Calculated u'

x/L =-2 -1 1 2 3 4

W 4-13. B EHEEHRE 39 NREJ G W(B»m)

FAH kR A R
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FroRy 250 bR RS 2ttt AR M KGR 2 E 5k

10%

x/L, =-2

10%

x/L =-2

10%

x/L, =-2

-

H/L =04 Territory B (a=0.25,3=4H)

-1

Calculated u'

1 2 3 4

H/L =05 Territory B (a=0.25,8=4H)

Calculated u'

1 2 3 4

H/L,=0.6 Territory B (0.=0.25, 5 =4H)

\ \

-1

Calculated u'

1 2 3 4
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Territory A H/L,=03
1 1 1

x=12X, & z=1/47, X=Xy A z=1/427, x=32X, & z=1/427,

) z=1/27, ) z=1/27, ) z=1/227,

08¢ v z=3/4z;| °F v z=3/4z,| °Ff v z2=3/4Z,

< Normal Normal Normal
0.6 distribution 0.6 distribution 0.6 distribution

PDF

0.4

PDF

Territory A H/L,=04
l)(:1/2XBA z=1/47, 1x:xB A z2=1/47, 1x:3/2XBA z=1/427Z,
ol ° z=1/227, osl ° z=1/227, o8l ° z=1/27,
' v z2=3/47, : v z=3/47Z, : v z2=3/427Z,
Normal Normal Normal
0.6 o  distribution 0.6 distribution 0.6 distribution

PDF

PDF

0.4

Territory A H/L,=0.5
1 1 1
x:1/2XBA z=1/47, x:xB A z=1/427, X:3/2XBA z=1/427Z,
° z2=1/227, ° z2=1/227, ° z=1/27,
o8r v z=3/4z,| °Ff v z=3/4z,| °Ff v z=3/4Z,
Normal Normal Normal
0.6F distribution 0.6F distribution 0.6F distribution
[T [T [T
[a) [a] [a]
a v a o
0.4 0.4 0.4
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\
0.2F v 0.2 0.2F A
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Territory B H/L,=0.3
1 1 1
Xx=12X, & z=1/47, x =X, A z=1/47, x=3/2X, & z=1/427,
i ) z=1/227, i ) z2=1/27, i ) z=1/227,
08 v V z=3/4z7,| ©°8 v z=3/4z,| °8 v z2=3/4Z,
———=2- Normal ———— Normal ———— Normal
0.6 o distribution 0.6 distribution 0.6 distribution
L L ~ L
a a a
o a o
0.4

Territory B H/L,=04
1 1 1
X=12 X, & z=1/4Z, X=X, A z=1/4Z, x=312X; & z=1/427,
ol ° z=1/227, osl ° z=1/227, o8l ° z=1/27,
’ v v z2=3/4Z, : v z=3/47Z, : v z2=3/427Z,
Normal —— Normal —— Normal
0.6F distribution 0.6F distribution 0.6F A distribution
L i L v
[a) [a] [a]
o [a 8 o
0.4F
0.2

Territory B H/L,=0.5
1 1 1
X=12 X, & z=1/4Z, X=X, A z2=1/47, x=312X; & z=1/427,
° z2=1/227, ° z2=1/227, ° z=1/27,
o8r v z=3/4z, | °F v z=3/4z, | °F v z=3/4Z,
——— Normal —— Normal —— Normal
0.6 vV distribution 0.6F distribution 0.6F distribution
[T [T [T
[a) [a] [a]
o [a 8 o
0.4f A, 0.4f
0.2 0.2¢
0z
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Territory C H/L,=0.3
1 1 1
x=12X, & z2=1/42, X=X, A& z2=1/42, x=32 X, 2 z2=1/42,
° z=1/22, ) z=1/22, ° z=1/22,
o8r v z=3/4z,| °F v z=3/4z,| °Ff v z2=3/4Z,
Normal = Normal ———— Normal
0.6 distribution 0.6 v distribution 0.6 Vv distribution
5 - 5
0.4
0.2
0
Territory C H/L,=04
1 1 1
x:1/2XBA z=1/427, X=X A z=1/427Z, x:3/2XBA z=1/427Z,
ol ° z=1/227, osl ° ZfllzzB o8l ° zillzzB
v z2=3/47, v z2=3/427,
Normal —— Normal
0.6F distribution 0.6F distribution
L T8 v LL
g g g
0.4
0.2
0_4 Y
Territory C H/L,=0.5
1 1 1
x=12X, & z=1/47, X=X, A z=1/427, x=3/2X, & z=1/427Z,
ol ° 2f1/22B osl ° ZfllzzB o8l ° zillzzB
v z2=3/42, v z2=3/42, v z2=3/42Z,
Normal Normal —— Normal
0.6F vv distribution 0.6F distribution 0.6F distribution

PDF

PDF

0.4

PDF
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Territory A H/L,=03
1 1 1
Xx=12X, & z=1/47, x =X, A z=1/47, x=3/2X, & z=1/427,
0sl ° 2=1/27,| | ) z=1/27,| | ° z=1/22,
' v z=3/4Z, ' v gz=3/4Z, ' v z2=3/42Z,
Normal Normal Normal
0.6 ® . distribution 0.6 distribution 0.6 distribution
5 27 5 5
0.4F 0.4
0.2F 0.2F
0_4 4 0_4 4
Territory A H/L,=04
1 1 1
x=12X, & z=1/427, X=X, A z=1/427Z, x=3/2X, & z=1/427Z,
ol ° z=1/227, osl ° z=1/227, o8l ° z=1/27,
' v z2=3/47, : v z=3/47Z, : v z2=3/427Z,
Normal Normal Normal
0.6F distribution 0.6F distribution 0.6F distribution
w A w v w
g g g
0.4f 0.4f
0.2f 0.2F
0z 0z 2
Territory A H/L,=0.5
1 1 1
X=12 X, & z=1/4Z, X=X, A z=1/4Z, x=312X; & z=1/427,
ol ° z2=1/227, osl ° z2=1/227, o8l ° z=1/27,
' v z2=3/47, : v z=3/47Z, : v z2=3/427Z,
Normal Normal Normal
0.6F distribution 0.6F distribution 0.6F distribution
& a & av &
o [a 8 o
0.4F 0.4 0.4
0.2F 0.2f 0.2F
0z 0z 0z
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Territory B H/L,=0.3
1 1 1
Xx=12X, & z=1/47, x =X, A z=1/47, x=3/2X, & z=1/427,
i ° z=1/22, i ) z=1/22, i ° z=1/22,
08 v z=3/4z,| °8 v z=3/4z,| °8 v z2=3/4Z,
Normal ———— Normal ———— Normal
0.6 distribution 0.6 distribution 0.6 distribution
[ ('8 ('8
a a a
o v a o
0.4t ) - 0.4 0.4t
N
A
0.2F A 0.2F
0 1 1 1 1 O
4 3 2 1 0 1 2 3 4 4 Z
(um)/u
Territory B H/L,=04
1 1 1
x=12X, & z=1/427, X=X, A z=1/427Z, x=3/2X, & z=1/427Z,
ol ° z=1/227, osl ° z=1/227, o8l ° z=1/27,
' v z2=3/42, : v z2=3/42, : v z2=3/42Z,
Normal —— Normal —— Normal
0.6F distribution 0.6F distribution 0.6F distribution
& N & & v
o [a 8 o v
o 0.4 0.4f v
0.2 0.2 v W
Av)
0 R W R g
(uu)/u
Territory B H/L,=0.5
1 1 1
x:1/2XBA z=1/47, X=X A z=1/427, X:3/2XBA z=1/427Z,
ol ° z2=1/227, osl ° z2=1/227, o8l ° z=1/27,
' v z2=3/42, : v z2=3/42, : v z2=3/42Z,
Normal —— Normal —— Normal
0.6F distribution 0.6F distribution 0.6F distribution
[T [T [T
[a) [a] [a]
o [a 8 o
0.4f 0.4f
0.2f 0.2F
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Territory C H/L,=0.3
1 1 1
Xx=12X, & z=1/47, x =X, A z=1/47, x=3/2X, & z=1/427,
° z=1/227, ° z2=1/27, ° z=1/227,
o8r v z=3/4z,| °F v z=3/4z,| °Ff v z2=3/4Z,
Normal ——— Normal ——— WNormal
0.6 distribution 0.6 L 2 Vdistribution 0.6 distribution

PDF
<:9]> e
PDF

0.4

Territory C H/L,=04
1

x=12X, & z=1/47, X=X, A z2=1/47, 1x:3/2XBA z=1/427Z,
ol ° z=1/227, osl ° z=1/227, o8l ° z=1/27,
' v z2=3/47, : v z=3/47Z, : v z2=3/427Z,
—— Normal —— Normal —— Normal
0.6f ‘A v distribution 0.6F v distribution 0.6F vvdistribution
3 2 5
o 04

Territory C H/L,=0.5
1 1 1
X=12 X, & z=1/4Z, X=X, A z=1/4Z, x=312X; & z=1/427,
° z2=1/227, ° z2=1/227, ° z=1/27,
o8r v z=3/4z, | °F v z=3/4z, | °F v z=3/4Z,
Normal —— Normal —— Normal
0.6F distribution 0.6F distribution 0.6F Wdistribution
[T [T [T
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25 25
Escarpment H/L,=0.1 Territory A Escarpment H/L, =02 Territory A
I I I I
2 } } ---------- Calculated T 2 } } ---------- Calculated T
| | —rme—n—e Calculatedu + 2u' | | e Calculated u + 2u'
| | Code | | Code
| | Lo |
15 | . | L5 |
L. ! - !
- | |
| |

8,/ H

05

8,/ H

0.5

2.5 2.5
Escarpment H/L, =03 Territory A Escarpment H/L, =04 Territory A
I I
2+ } ---------- Calculated 2 } ---------- Calculated T
| —mem—e Calculated u + 2u' | e Calculatedu + 2u'
| Code | Code
1.5 ‘ 15 |

8,/ H

05

8,/ H

0.5

25 25
Escarpment Territory A Escarpment Territory A
I I
2 } Calculated T 2 } Calculated T
| - Calculated u + 2u' | Calculated u + 2u'
| Code | Code
I

15

8,/ H

05

15

8,/ H

0.5
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25 25
Escarpment H/L =01 Territory B Escarpment H/L, =02 Territory B
I
2 } ---------- Calculated T A T et Calculated T
| —rme—n—e Calculatedu + 2u' e Calculated u + 2u'
| Code Code
15 }
|
S/H| |
1 - -.~‘~
L"\ \‘\
|
|
05 |
|
|
|
oF |
1 1
-2 -1
25
Escarpment H/L,=03 Territory B Escarpment H/L, =04 Territory B
I I
2 } ---------- Calculated T 2 } ---------- Calculated T
| —rme—n—e Calculatedu + 2u' | e Calculated u + 2u'
| Code | Code
15 } 15 }
| |
| [

x/L,
Escarpment Territory B Escarpment H/L, =06 Territory B
I I
2 } Calculated T 2 } Calculated T

| - Calculated u + 2u' | e Calculated u + 2u'
| Code | Code

15 } 15 }
| I

|

BEERAPESD BB AR RFBER)
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2.5 2.5
Escarpment H/L,=0.1 Territory C Escarpment H/L, =02 Territory C
I I I I
2 } } ---------- Calculated T 2 } } ---------- Calculated T
| | —rme—n—e Calculatedu + 2u' | | e Calculated u + 2u'
| | Code | | Code
wp | | o | |
| | | |
S/H| | \ S/H| | \
| | | |
o \ o \
| | | |
| | RS N |
L | . |
- | S RN |
I |
|
|
oF |
]
2
x/L,
2.5 2.5
Escarpment H/L, =03 Territory C Escarpment H/L, =04 Territory C
I I I
2 } ---------- Calculated T 2 } } ---------- Calculated T
| —rme—n—e Calculatedu + 2u' | | e Calculated u + 2u'
| Code | | Code
15 } 15 } }
| | |
S/H| | S/H| | |
o o \
| [ |
|
|
|
|
|

8,/ H

- Calculated u + 2u'

Territory C

Calculated T

Code

Territory C
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Calculated u + 2u'
Code
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15
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1

05

25

05

25

15

8,/H

1

05
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I ALk
2.5
Ridge H/L,=01 Territory A Ridge H/L,=0.2 Territory A
| | | |
Mo e Calculated T [ N I Calculated T |
—————— Calculated U + 2u' | - - Calculated u + 2u' |
Code | Code |

- o
1 1 1 1 1 1 1 1
1 0 1 3 4 -1 0 1 3 4
x/L, x/L,
2.5
Ridge H/L,=03 Territory A Ridge H/L, =04 Territory A
| | | |
I Calculated | 2 e Calculated |
| e Calculated U + 2u' | [ - Calculated U + 2u' |
\ Code \ \ Code P
- l_\ /"--T ---------------- 154 l'\ . LT
L . | : L .’ |
-, | 1™, |

- o
1 1 1 1 1 1 1 1
-1 0 1 3 4 -1 0 1 3 4
x/L, x/L,
25
Ridge H/L,=05 Territory A Ridge H/L,=0.6 Territory A
| | | |
o Calculated T | 2 Calculated T |
| - Calculated U + 2u' | - Calculated u + 2u' |
| ———— Code P I DEE LT Code S

W57 LiKEERFEZ DL
ki @ AP ER
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2.5 2.5
Ridge H/L,=01 Territory B Ridge H/L,=0.2 Territory B
| _ | | _ \
2F | e Calculated T [ N I Calculated T [
| = Calculated U + 2u' | | = - Calculated u + 2u' |
| Code | | Code |
15k } } 15k } }
| | | |
8,/ H \ J | \
i1 )
1 |
.. |
| |
o5 | | | |
| | | |
| | | |
| | | |
o | | | |
I I I I
1 1 1 1 1 1 1 1 1 1 1 1
-2 1 0 1 2 3 4 2 -1 0 1 2 3
x/L, x/L,
2.5 2.5
Ridge H/L,=03 Territory B Ridge H/L, =04 Territory B
| _ | | _ \
2F | e Calculated T \ 2 e Calculated T \
| = Calculated U + 2u' | | = - Calculated u + 2u' |
| Code | | Code |
t | t |
| | | B
61/ H I i |
1 1S |
[ |
05
oF
x/L, x/L,
2.5 2.5
Ridge H/L,=05 Territory B Ridge H/L,=0.6 Territory B
| _ | | _ |
2 Calculated T \ 2 Calculated T \
Calculated u + 2u' | - Calculated u + 2u' |
Code | Code |
| |
\ P
|
|
|
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Ridge H/L,=01 Territory C Ridge H/L,=0.2 Territory C
} ---------- Calculated @ } 2= } ---------- Calculated @ }
| mememme Calculated U + 2u' ‘ [ - Calculated u + 2u' |
\ Code \ \ Code \
| | L |
\ \ ro \
| | | |
| | 5./H | |
| | LY A |
| | | |
| | | |
] - |
.. |

x/L, x/L,
25
Ridge H/L,=03 Territory C Ridge H/L, =04 Territory C
| |
| emmemeeees Calculated T 2 | e Calculated 0
—————— Calculated U + 2u' - - Calculated u + 2u'

Code Code

x/L, x/L,
25
Ridge H/L,=05 Territory C Ridge H/L,=0.6 Territory C
i i
Calculated T 25 Calculated @

- Calculated u + 2u'
Code

Calculated u + 2u'
Code
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2.5 2.5
Hill H/L,=0.1 Territory A Hill H/L,=0.2 Territory A
| | | |
2 } ---------- Calculated } 2 } ---------- Calculated }
| Calculated u + 2u' ‘ | - Calculated u + 2u' |
| Code | | Code e B
151 } } 151 } )
\ - ]
5,/ H 8,/ H
™ |
1l o ‘
| |
| |
| |
0.5~ 05 | |
| |
| |
| |
ofF oF | |
] 1 1 1 ] 1
2 -1 0 1 2 3 4
x/L,
2.5 2.5
Hill H/L,=03 Territory A Hill H/L, =04 Territory A
I I I I
2 } ---------- Calculated } 2 } ---------- Calculated T }
| e Calculated U + 2u' | [ - Calculated u + 2u' |
| Code T | Code R RN
15 } 15 } ~~~~~~~~~
1. el
8,/ H 8,/H
1 1
05 05
o ol
2.5 2.5
Hill H/L,=05 Territory A Hill H/L,=0.6 Territory A
I I I I
2 } ---------- Calculated U } 2 } ---------- Calculated T }
| e Calculated U + 2u' 1 [ - Calculatedu + 2u' I
| Code T | Code '."‘ |
! ! ! T
15 | A, 15 7t
[N a (SN |
61/ H 51/ H | |
1 1
05 05
o ol
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Hill H/L =0.1 Territory B Hill H/L, =02 Territory B
} Calculated } 2 } Calculated
| - Calculated u + 2u' | | - Calculatedu + 2u'
| Code | | Code
| | |
\ \ 5
| | |
| | 81/ H |
| | |
\ \ o
05
0
25
Hill H/L,=03 Territory B Hill H/L, =04 Territory B
} Calculated } 2 } Calculated }
‘ Calculated u + 2u' ‘ ‘ Calculated u + 2u' |
| Code | | Code |
| | | |
\ . 5 |
| . | [
| 51/ H | |
| | |
| o A
0.5
0
x/L,
25
Hill H/L, =05 Territory B Hill H/L, =06 Territory B
I I
s Calculated 2 R Calculated

Calculated u + 2u'
Code

Calculatedu + 2u'
Code
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25 25
Hill H/L =0.1 Territory C Hill H/L, =02 Territory C
2 } ---------- Calculated } 2 } ---------- Calculated }
| Calculated u + 2u' | |- - Calculated u + 2u' |
| Code | | Code |
st | | 15| |
| | | |
S/H| | \ S/H| | \
| | | |
i \ i ‘
| | | t
| | | A=
| | |
05 | l 05 1
of ol
x/L,
25 25
Hill H/L,=03 Territory C Hill H/L, =04 Territory C
2 } ---------- Calculated } 2 } ---------- Calculated }
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| | | |
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I I I I
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