Appendix

1. The elements kg/ and K, of dynamic-stiffness matrix of layer S]fl_m_sv .
A =t55,(D, = D,)s A, =s5(D,=Dy)s Ay=5,(D,-D;); A, =1ts5,(E, _ZG*) ;
A, =ts,(E,-2G"); A, =(E,—E,)(D,-1); B =s,-1)D;; B, =5, =1)D,;

B, =s,5,(t =2D, +1): B, =Pts,(D,-1): B,=Pts,(D,~1): B, =(P-PB)D,-1);

SS =sin(ks,d)sin(ks,d) ; SC =sin(ks,d)cos(ks,d); CS =cos(ks,d)sin(ks,d) ;
CC = cos(ks,d)cos(ks,d)

K, =2A[(ACS — 4,SC)cos kid + A, sinksd — A, sin ks,d | +[24,A,(CC—1)+ (£ + £ + 4)SS]sinkid
k,, =ky, =k(t+1/t)G 4 [ ASS cosktd + (4,SC — 4,CS)sin ktd | ;
ky, =—kys =—kG [ (1; + 1,SS = ,CC)sin ktd + (1,SC + r,CS) cos ktd —r, sin ks,d — r, sin ks, d | :

1, =(D,+D,—2D,\)B,— A,B,— AB,; r,=AB,+ AB, 24> —B,(4,/s,+ 4,/s,);
r,=A4(Q2A4,—B +B,/s,); 1,=A(B,—24,—B,/s,);

kyy =—kys =n"k(1+7)G [(r; + 1,88 = ,CC) sin ktd + (r;,.SC +r,CS) cos ktd — r; sin ks,d — 1, sin ks,d |
r==84,—84;: 1n=s4+84;: r,=—s4: 1r,=54:

kg = kyy = k(t+1/0)G" | A (4;sinks,d — A, sin ks,d)sin ktd — 4] sin ks,d sinks,d |

ki =k(t® +1)AG [rl(cos ks,d —cos ks,d)sin ktd + (r, sin ks,d + r, sin ks, d ) cos ktd —rzSC—r}CS] :

R=(-D)jt: r=-5(D,~D: r,=s5,(D,~):

k(P +D)AG
a n

ki E (cosks,d —cos ks,d)sinktd + (s, sinks,d —s, sin ks,d ) cos ktd —slSC+s2CS} ;
k, =—ky, = —k[(rl +1,8S —,CC)sinktd + (,SC + r,CS) cos ktd — r, sin ks,d —r, sin kszd] ;

n=AAE+E); 1,=-QAG + LE,+ ALE); r,=AA(E,+2G); r,=—AA,(E +2G);

ky, = ks = k[(r; + 1,88 + ,CC) cos ktd + (r,SC + r,CS) sin ktd + r, cos ks,d + r, cos ks,d |



1 =5,(D, = Dy)(D, =D A, +5,(D, —D,)X(D, =D 4s s 1, =—A4,4,(D, 1) - 4,4,(D, - 1) ;
n=A4A4,(1-D) - A4 - ALAD,=1); r,=AA,(1-D) = A4 1= AA(D, =)+ 4,4

ro=A(D,~1)(E —2G ) + 5,4 (E - E)D, -1): r,=A(1-D)E,-2G")—st4(E —E,)D,-1);
kyy = k/n[(1; + 1SS + ,CC) cos ktd + (r,SC + r,CS) sin ktd + r, cos ks,d + r, cos ks,d | :
K =5tQG —E)A, —s,t(E,—2G A, 1, = A, A, + A, A 1,= A(E, —E,)+ A A+ AA, ;
r,=AA,+A(E ~E); r,=-AA,—A,(E,—E,); 1r,=A4QG —E)+sA(E,~E);
v, =A(E,—2G" ) +s,t4,(E,— E,);
ky, =—k[(r; cos ks,d —1; cos ks,d ) sin ktd + (r, sin ks,d +r, sin ks,d ) cos ktd —,SC—r,CS | ;
r=A,A,(E -E); r,=AA4,(E,-2G"); r,=—A4,4,(E, —2G");
kys = kg, =—k|[(r; sinks,d +r, sin ks,d)sin ktd +(r; cos ks,d +r, cos ks,d) cos ktd +r;SS +1,CC+r, | ;
n=—AA,(D,-1)—A,A4,; 1,=A(D,—1)(E,—2G ) +st4,(E, — E,)(D, - 1) ;

ry= Ay g+ A, 4(Dy = 1) 5 1, =—4(D, —1)(E, —2G") = 5,14, (E, = E,)(D, —1) ;

1 ==4,A4,(D, =)= A4A(D, = 1) 1y ==5,4(D, = 1)(D, = D;)=5,4,(D, = D;)(D, - 1) ;
r,=AA,+ A, A, (D, =)+ 4,4,(D, -1) :

ky, =—k/n|(r; sinks,d +r, sinks,d)sin ktd +(r, cos ks,d + 1, cos ks,d ) cos ktd + 1SS+ r,CC+r; | +
n=AA,+A,(E, —E)); n=—AA4,—-A,(E —E));: r=std(E,—E)-s,4,(D —-D,);
r,=A(E, —2G )+ s,tA,(E,—E,); r,= A, A, + A A ;

v, =5,4(D, —=D,)+s,A,(D, = D,); r,=—A(E, —E,)— A4, — A, A, :

ky =—ky =—k™ [(r1 + 185 —r,CC)sinktd + (r,SC +r,CS) cos ktd — r, sin ks,d —r, sin kszd] ;
n=—A4AR+B); n=AR+A4P; rn=-AA4P; r,= AA4R;

ky, =k~ [(1r; + 1SS + ,CC) cos ktd + (r,SC + r,CS) sin ktd + r; cos ks,d + r, cos ks,d | :



h==Bst(D, -4, - Ps,t(D, -1)4,: r,=AB, +4,B5; ry;=AB+A4B,+4B;
r,=ABs+ABs: ry=—AB,—A,B,: 1,=—FA(D,-1)=s,t4d,(R—-P)D,-1):
1, =P A4(Dy =) +s24,(F - P)(D; ~1) ;

kyy = kgs = (k)" [(1, + 1,88 + ,CC) cos ktd + (r,SC +r;CS) sin ktd + 1, cos ks,d +r; cos ks,d |

1 =Estd + Bsytd, s r,=—Bstd, —Bs,td; r,=(B—-R)A—-Bst4; r,=(B—-B)A4, +EBs,i4;
n=—0sd —Bstd—(R—P)A4; 1g=RA +stAd(R-P): r,=s14,(P,—F)—- P4,

ky, =k [(r1 cos ks,d —r, cos ks,d ) sin ktd +(r, sinks,d + r; sin ks, d ) cos ktd—rzSC—lgCS] :
h=4A4(B-P): n=A4A4,P; r,=—A4,4;P;
ks =k~ [(r; sinks,d +r; sinks,d)sin ktd +(r; cos ks, d + 1, cos ks,d ) cos ktd +1;SS +1,CC+15 | -

n=-ABs—ABg; r,=AB,+A4,B;; 1r=AFD,-)+stA(R-EH)D -1);
ry,=—4B(Ds=1)=s,td, (R -P)(D, - 1) s 1, =—A4,B, - AB,:
1o =—BstA (D, =1) = Psytd, (D, =1); 1, = A B+ A, B, + A, B; ;

ke = kg = (nk)™ [(r; sinks,d +r, sinks,d) sin ktd +(r; cos ks, d + 1, cos ks,d) cos ktd +1:SS +1,CC+15 | :

h=sAP+ A (B -P): n==stAR-A(R-P): r,=—BA -stA(R-F):
ry=PA +5,tAd, (B - P) s rs =1(s, P A, + 5. P, A4y)) s 1o =1(s R4, +5,P,4,)
r,=—A (P —P,)—s,tA,P, — 5,tA,P, ;

ky, =—k(1+1*)AG' [ (1; cosks,d —r; cosks,d) sinkid +(r, sin ks,d +r; sin ks,d ) cos ktd —,SC—1,CS| :
h==(Dy=Dft; r,=-s(D,=1); ry=s5,(D,~1);

ky=-n"k(1+£)AG [t’l (cos ks,d —cos ks,d)sin ktd + (s, sinks,d —s, sin ks,d) cos ktd —s,SC+5,CS } ;

ks, =—k[(r; cos ks,d — 1, cos ks,d ) sin ktd + (r, sinks,d + r; sin ks, d) cos ktd —r,SC —,CS| :
r=-A,A(E -E); r,=-A4,(E,-2G"); r,= 4, 4,(E,-2G");

ks, =n"'k[(r; sinks,d +r, sinks,d) sin ktd +(r; cos ks,d +r, cos ks,d) cos ktd + 1SS +r,CC+ | :
n=—AA, - A(E ~E); rn=AA+A(E —E,); r,=A4(E,-2G )+st4(E ~E,);

ry=—A(E, —2G )= 5,t4,(E, — E)) s 1, = —(A, A, + A, 4,) ;



o =—A,8,(Dy = Dy)— A5\ (D, = Dy) s 1y = A(E) - E)) + 4,45 + 4,4,
kg = n’lk[(r1 + 1,88 +,CC)cos ktd + (r,SC + r,CS) sin ktd + r, cos ks,d +r, cos kszd];

h==84,(D, = D) =5, 4(D, = Dy): 1, =4, A, + A Ass 1= A(E —E))+ A, A+ A4,
r,=AA,+A(E -E); r,=—AA4,—A,(E,—E,);

r,=—A(E -2G ) =sptA,(E,—E,); r,=A(E,—2G )+ stA,(E, - E,);

ke =k~ [(r; cos ks,d —1; cos ks,d)sin ktd + (r, sinks,d + 1, sin ks, d)) cos ktd —,SC—,CS| :
h==4LAR-P);: n=-A44,P; r,= A A4;P;
kg, ==k [(; sinks,d +r, sinks,d)sinktd +(r; cos ks, d +r; cos ks,d ) cos ktd +1,SS +1,CC+1; ] +

n=A4B;+ 4B r,=-AB, - 4,8 r3:_PzAl(Ds_l)_AsBs(Pl/Pz_l)?
r, = PA(D; =)+ s,td, (K- P)(D,-1);: ry=A4,B,+ A;B, ;
rozAzB4Pz/Pl+A3BSP1/P2; r7:_AlBé_AzB4_A3Bs;

ks =k [(r1 + 1,88 +,CC)cos ktd + (r,SC + r,CS) sin ktd + r, cos ks,d +r, cos kszd] ;

’”1:_‘42341)2/})1_‘4335})1/})2; r,=A,Bs+ A,B,; r,=AB,+ A4,B, + A,B;;
r,=AB,+AB,: ry,=—AB,—A,B,: r,=—-PFA(D, —1)+AzB4(PZ/Pl -1);
r7=P2A1(D3—1)+A3BS(P1/P2—1);

2. The elements 7 and 7, of dynamic-stiffness matrix of half-space Slfl—PZ—SV .

7y =8,(D,— D,)—5,(D, —D,)+1s,5,(D, —D,): 1, =iG ks,s,(1+¢*)(D,—D,);

1 = Gk (£ = Dy +1)(5, = 5,) +5,(D; = Dy) = 5,(Dy — D))+ 215,5,(D, = D,) = £* (5, = 5,D,) | :

riy =kG (1+1°)(s,=,)/ns 1, = k[ E;s,(D, - D)~ E,s,(D, - D,) - 2G’15,5,(D, - D,) ] +
1y, = ik[ (E, = E,)(Dy =1)+1s,(D, = 1)(E, —2G") —1s,(D, = 1)(E, —2G") |

ryy = =ik 15,(E, = 2G") ~ts5,(E, ~2G")+ E, = E, | [n's 15, =[Bs,(D, = D;)=Bs,(D, -D,)]/k:

rp ==i[(R=B)(D, =)+ Risy(D, =)= Bts,(D, =] [k s 1,y =i[ R(1+1s5,) = B(1+15)]/kn .





