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(@) Kinematic soil-foundation interaction (b) Inertia soil-structure interaction
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Remain on one plane AA’
This plane A4’ works like a rigid coupling rod
for locomotive wheels allowing all ends of pile
slices spaced at regular intervals to rotate freely.
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T DEMBEDZ Y EZ MRS 2 720 BN OMIA 7 —F v 707 iE <3l X 5 oK
IS, % BN O R B HIBIEIR 2 2L 2 ¢ CEHL, Zho DS s 2z i
L7z 7e72 LSy 2 X D £ EHHLT 2 DT L BV 723 2 RISy g7 oup % FEHTESRD
WU ACFRIVES v singre '\ WUARN, % FE U 72fH ©Fl - 72 fiin (X(2.5)) Z#tic e v, Zoff
piviiEkEoZ L (WifkEs,  BAERD) TE I E(T 2 0% R L = (X2.4) .

Sxx,group (2.5)

T=5 " Sxx,single
Z O I IMVRIRE KRBT 5D DT, ﬁ%ﬁ%ﬁi‘f@gb TRE IV OMAEER TR
531010 K A3, HERE2 A RV REB ICHENTRI R AN HE 1272 D 1.0%2 TR 2 X 9 iCk
% (X2.4) , Zon OfE%IESES S Nz4R L IR ZNZN TR L, ZhZ o
B fR & LSS % & s/DA310~20% F Al o TV dUZ MR O R E T RAT 7 U215 5
22 bh b, —JTTLEMI_21cflHRR 1¥s/D < 10TH % & x5, (Konagaietal,

2003).



“TLEM”, Thin-Layered-Element Method

3. TLEM%ZfEoTH XS

TLEM®O a2 v K=Y bOHFR TR =4, vy x v 7 %ik5 TLEML_2(F 19994 i
FORTRAN 77 % fifi > THHF X L7z, 2 OTLEM1 2 CIdiE 5 EZERICHE- TANT— 4% 7 7
ANETFRAVNIT 4 X—TIERT 5 2 &R SN, Lo L 7D S Microsoft EXCELD
~Z7uitib5iE L L CHOVBA (Visual Basic for Applications) DiFFH2AAKE L Wk Lz 2 &
D5, H7ICTLEML 2, & X O EMR % @t 3 2 TLEMz.exe ] D EXCEL = 7 1
“TLEM1_3.xlsm” % #{ff L 72, ZNIC & - TF7 — ZEK O FRISLEIER I HAE RO KR 7 & D
BALIE D KRS I b 2 Ltk o7z,

EEFEH
TLEM # 7 4 v FUREH D 2 v v 2 — & — FTEFTT 3 I ZMicrosoft EXCEL (Version
14 (EXCEL 2010)LI) 3B 5 LD A VA P —LINTWABE I EBRHETH 5,

FEH1 LUTo5207 741 (220 EXCEL w2 v, 3XU320ETFT774 1) 2FAL
7 X —IciE L (X3.1),
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! TLEM (Ver. 1.3)

2 | by Kazuo KONAGAI

3 (July 29, 2018)

TLEM was developed by Kazuo Konagai in 1999 using FORTRAN 77 for analyzing soil-pile group interaction in a

rigorous manner. A group of piles clustered together beneath a rigid pile cap is assumed to be a single equivalent

upright beam embedded in a stratified horizontal ground with an infinite spread in horizontal radial direction
(Konagai et al., 2003).

: 1. Put all necessary files in the same directory. These files are:
TLEM1_2.xlsm, TLEM_Output.xlsm, PLPRM.exe, TLEM1_2.exe and TLEMz.exe

W 00~ o U
|

2. Click on each of yellow tags "LAYER", "FREQ", "SDISP", "ARRANGE" and "PILEPRM" shown below for editing:
* Lame's constants, density and depth of the lower boundary of each soil slice in LAYER

* Number of repetition of frequency domain calculation, initial circular frequency, circular frequency increment
11| inFREQ

* Parameters to create a file for storing spatial distribution of side soil displacement (See details in the manual)
12| in spI1SP
13| * Arrangement of piles grouped together heneath a pile cap in ARRANGE (Piles are shaken in x direction), and
14| *Quter and inner radi, Young's modulus and density of each sliced pile element in PILEPRM.
15| oOrange tagged spreadsheets are automatically renewed. Don't edit anything on orange Tagged spreadsheets.
16
17 |3, Run TLEM

—
(=]
|

18 | Click on the button to the right to run TLEM. Run TLEM | .
3 To begin with | LAYER | FREQ = SDISP | ARRANGE | PILl.. () © « ’
Ready 03 A mo- 1 + 100%

X3.2 mAICEHND A7 Ly F ¥ — b “To begin with”

TLEM1 30v 4 ¥ FUDTFTOESICE DDEEBED X THRENS,

To begin with | LAYER | FREQ | SDISP | ARRANGE | PILEPRM | LAYER.dat | FREQ.dat | SDISP.da
e BAICA D > TIEZIC
“LAYER” (378 IC AT 4 AL 72D Lame D, HE, FEO THOHE X H DEFEX,
“FREQ” X JEIE G R 21T 9 1[0 H 72 o T, #ulk LEHEEIEL FHRBIEIAME. FIRBIE
LD
“SDISP” (3 JEl 3t N D 22T D 22 [ 534 % Hi 7€ D JEIEEL CIRIE T 5 720 DX T A — &
“ARRANGE” 12tk 7 —F v 7 T O#HIOBLE, Z L T
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FOILICHITFAL VY IEOR THIATHE, ZhiEw 7 DDA TL v
VP CHEEBORXR DRI Ly Fy— P fRETNEHEINICERI NS, RLTEHL Y
PHEDRXRTDAT Ly Py — MCFEMATITNIT R,

—— e

| LAYERdat | FREQ.daWdat * PILEPRM.dat

“LAYER”
ZOAT Ly Ry— b ETIILLF Z2RET 5,
(1) /v B3ITHEDOREN, Z AT 5, T2 & BB —FLD AFNTHEBER S P HIET
ASIND,
(2) Z OHIPHIZKHEZOWVEIZBET DL N DONT A =22 AT 5, ElND
B4, CHl: ZHhENT ADEH A (KPa)DIEHER, HEHS
D4, EXl: TN T ADEK uKPa)DFEER, R
FAl: 2 (t/m3), £ LT
G Hl: &7k TIN5 D S (m)
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Paste ., B J U- L ALA . . E = = e5e= . @.g, 9 €9 00 Conditional Formatas Call e . . Sort & Find &
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1 This data set provides ters that describe mechanical features of side soil slice-wise.
Lame's constant A Lame's constant p : Forverification
2 (kPa) (kPa) Density p | Layer bottom G ]
: . (tm®) depth (m) Swave | Pwave ) Hysteretic
2 Real (%) Imag () Real (u) Imag (u) Teloaity Sekity Pm':;n's damping
4 No. of layers[10 o " " o o (m/s) (m/'s) factor
5 I 1| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 2.00 80.00 571.31 0.49 0.05
6 2| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 4.00 80.00 571.31 0.49 0.05
7 3| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 6.00 80.00 5713 0.49 0.05
8 4| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 8.00 80.00 571.31 0.48 0.05
9 5| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 10.00 80.00 571.31 0.48 0.05
10 6| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 12.00 80.00 571.31 0.49 0.05
11 7| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 14.00 80.00 57131 0.48 0.05
12 8| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 16.00 80.00 571.31 0.458 0.05
13 9| 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 18.00 80.00 571.31 0.49 0.05
14 10( 4.704E+05| 4.704E+04| 9.600E+03| 9.600E+02| 1.500E+00 20.00 80.00 571.31 0.49 0.05
16 b
4« » .. LAYER FREQ | SDISP | ARRANGE & PILEPRM LAYERdat FREQdat SDISPd ... (+) [ »
Ready %3 M| E M - ] + 100%

K3.3 2 7L v F+¥— F“LAYER”

FREANT B & HEIYICHEE O SEEIE (m/s), PRGEE (m/s), K7V v I, FEEER
RRBPERORN IR D 720 FRIND,
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“FREQ”
CZDATL Yy Ry —FTldELA3LLD3IETICU T2 ANT 3,
A3: FEIGBGEI T DR Y IR L EHE R
B3: # VR LEHHE S, DRI HIE N D 25T @ 22 [ 5347 % “space_dsp.dat” 7z 5 7
— X7 P ANITEZ AL,
C3: MREEAIIAME (rad/s). 2L T
D3: MiREI# D15 (rad/s)
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1 For the frequency domain solutions of soil-pile interaction, the following parameters are to be given.
Large data set
is stored at this

Initial value | Circular

Repeat of circular | frequency
count of .
count repeating frequency | increment
2 computation (rad/s) (rad/s)
3 63 63 | 1.000E+00| 1.000E+00
4 -
» | Tobeginwith | LAYER FREQ  SDISP | ARRANGE | PILl... () © « ’
Ready %5 H = i + 100%
K34 =71 vy F¥—F “FREQ”
“SDISP”

R ERcOBYIB LS, BT MRIK cHiE N 0 B o 22/ 45 fi %
“space_dsp.dat’ 725 T —X 7 7 A MICRAZITEFRL L T, (A7 vy F¥— }F“FREQ"®
L AB3 BH). Kx7FL v Fo— b ETidtn AdpHEL $TUT2 AT 3,

Ad: BRIERGT 78T A—H gy (Igr =1, 2, 3TENEIVERST A, BT, $RIE7E O H

AN % 1T ),

B4: HLHHIHR ST/ 8T A —4 Ke (Kp =1,2,3,4 1ZZNE, AEHMHENRE 1N, £
— A2 N (My/R = 1RNIZZH), AP REALZERL Im [BlEE (R - 65 = 1 mICZSHR),
FSiny)

C4: ZENLDZE[ 34 % 13 DB OB T5 5y B (rad/s).

D4: S5 R CHEERITAL U7 85 O HEEfE O 91 10/ R-

E4: MERoeb L7 BRI O BB D45y Ar/R,
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1 This data set "SDISP.dat" provides necessary parameters for storing spatial distribution of side soil displacement.
Sl Direction of applied nzn;ﬁiec:nzf Initial value of | Increment of
component ) PP P > |radial distance |radial distance
force / displacement Kf | along radial
2 Idr . ini/ R Ar/lR
distance
ldr=1: radial Kf=1: Lateral unit force
o __ |Kf=2: Moment/R (=1.0) where, R is the equivalent
Idr=2: tangential |, ..~ o . .
Idr=3: vertical Kf=3: Lateral unit disp. radious of grouped piles
3 T Kf=4: Unit rotation (R*8)
4 2 3 50 1] 0.1
5 -
» | Tobeginwith | LAYER | FREQ  SDISP ARRANGE | PILl.. &) | < ’
Ready £ g8 o - 1 + 100%
K35 x 7L v F¥— F“SDISP”
“ARRANGE”

BN B BRI ORAS 2 AN T1T 5, 35 & HEIIZ —FLDAFNIHE 50N HNE TR
AEhb, BFI, CHI 12id, AFNZFRE DI SIS ST D EHLOX FEFREAE, yHEREAE 2 A
T 5, BRBEHIIXFMICIES NS,

H ©- s TLEM1.2 - Saved = = O

Insert Page Layout Formulas Data Review View Developer Help ACROBAT /O Tell me p_il
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A ‘ B . € ‘ D E 7 ‘ G . H J . K =
1 |This data set provides arrangement of piles grouped together beneath a rigid pile cap

Number of
piles
3 [Pile Number | x (m) y (m) |Note: piles are loaded in x direction.
4 | 1 0.00 0.00
5 2 1.50 0.00
6 3 3.00 0.00
1 4 0.00 1.50
8 | 5 1.50 1.50
9 | 6 3.00 1.50
10 7 0.00 3.00
11 8 1.50 3.00
12 9 3.00 3.00 -
< » ..| FREQ | SDISP | ARRANGE | PILEPRM | LAYERdat |FREQdat .. () @ [« ’

Ready P 5 g - 1 + 100%

K3.6 x 7L v F¥— F“ARRANGE”
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“PILEPRM”

HE CTHE SN O BEROYMEMZ AN1T 5,

AFl: HEEE S, HEIMIZATI STV,

B4, CHIl: HiosE (m) BIOWE (m)

D%, BFI: fikt D 73 (kPa) DI, B, £ LT

FoI: HUkf DO (UmP)

JERENTC RIS R 2 309 Bt BB A T oYEE 2z iz otEiciE iz 22 & T
I 2o DO ZEE # il ¢t 3,

= = TLEM1 3.xlsm - Excel g — O
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1 |This data set provides mechanical properties of pile sice-wise.
Bl s Young's modulus Density
2 |Layer No. radius (m)|radius (m) LiEE] tm®
3 Real (E) | Imag (E)| ™)
4 | 1 0.3 0.291| 2.06E+08 0 7.85
5 2 0.3 0.291| 2.06E+08 0 7.85
6 3 0.3 0.291| 2.06E+08 0 7.85 ]
7 | 4 0.3 0.291| 2.06E+08 0 7.85
8 | 5 0.3 0.291| 2.06E+08 0 7.85
9 | 6 0.3 0.291| 2.06E+08 0 7.85
10 7 0.3|  0.291| 2.06E+08 0 7.85
11| 8 0.3|  0.291| 2.06E+08 0 7.85
12| 9 0.3|  0.291| 2.06E+08 0 7.85
13 10 0.3  0.291| 2.06E+08 0 7.85 -
1A
4 » .| LAYER | FREQ | SDISP | ARRANGE PILEPRM | LAYERd:.. () : « y
Ready 05 A m - 1 + 100%

K3.7 = 7L v N — F“PILEPRM”

U EFTRTOANEKRT LIZ6H, BOZ 7 “To begin with” (3.2)1c5 by, U TEM R
2o ) v 7952 LT TLEML 2.exe b TLEMz.exe % iLEI4 5,

7 K L CEHREZH T T HBIIC“TLEM_Output.xlms” 2350 & | 3= % 70 £l 5 A% B 23
6DODAT Ly Fv—bMcRREIND GEllIZR~— T LUI),

10
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FME2 TLEM_Output.xlms T D fENT#E 5 D2
TLEM1_2% 53217 L T HEIICBI W 72 TLEM_Output.xlmsiC I FEED62OD A 7L v F ¥ —

F0B B

} Pile head stiffness ‘ Pile head flexibility | Effective motion | Vibration modes | Ground vib, SR | Ground vib, Vertical |

“Pile head stiffness”
ZDATLy Foy— T4 BRREIND,
Q) Wk 7 —F > 7ot~ R Y w7 ZA[S] (K 3.1) OXIASTS,, DE

i L5228k (K h)
(2 U SEME= Y v 7 X[S]OIENAIES,, 1) Sy =S TdH %,
(3) Wt~ R Y w7 A[SIDXIFRLSYS gq D FEHE. HEHT.
HA3I1TEHE—AY PM,ZRTIRL, /7 CHEEMAOJICREZFEL T 25DT, v v 72D
TRT DI DBKNIMD AL % H T 5,
(4) [t~ b Y v 7 A[S|ORHAESTS,, DETB, K.

px Sxx

Pz 0
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Paste T, = T
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Clipboard 1% Font f Alignment MNumber Styles Cells Editing
N33 e
A B i3] D E F G H | I i
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“TLEM”, Thin-Layered-Element Method
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