<IDOCTYPE html>
<html lang="zh-CN">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title># B} )7 - HERBEBINEH 5 HiR</title>
<style>
:root {
--bg: #1a1d23;
--panel-bg: #21252b;
--border: #333842;
--text: #cdd6e4;
--text-secondary: #8b95a8;
--accent: ##61afef;
--danger: #e06c75;
--warning: #d19a66;
--success: #98c379;
--slider-track: #3a3f4b;
--slider-fill: #61afef;
--card-bg: #282c34;
--highlight: #fféb6b;

*{
margin: 0;
padding: O;
box-sizing: border-box;

body {
font-family: 'Segoe Ul', 'PingFang SC', 'Microsoft YaHei', 'Helvetica Neue', sans-serif;
background: var(--bg);
color: var(--text);
display: flex;
flex-direction: column;
align-items: center;
min-height: 100vh;
padding: 10px 16px;
user-select: none;

-webkit-user-select: none;

.main-container {
width: 100%;



max-width: 1300px;
display: flex;
flex-direction: column;
gap: 12px;

[* TRESHR RS */

.header {
display: flex;
align-items: center;
justify-content: space-between;
flex-wrap: wrap;
gap: 10px;
padding: 8px 0;

}

.header h1{
font-size: 1.55rem;
font-weight: 700;
letter-spacing: 0.02em;
background: linear-gradient(135deg, #61afef, #a78bfa);
-webkit-background-clip: text;
-webkit-text-fill-color: transparent;
background-clip: text;

}

.header .badge {
font-size: 0.8rem;
padding: 5px 12px;
border-radius: 20px;
background: var(--card-bg);
border: 1px solid var(--border);
color: var(--text-secondary);
letter-spacing: 0.03em;

}

.mode-switch {
display: flex;
gap: 4px;
background: var(--card-bg);
border-radius: 10px;

padding: 3px;

border: 1px solid var(--border);
}
.mode-btn {

padding: 7px 16px;
border-radius: 8px;



border: none;
cursor: pointer;
font-size: 0.85rem;
font-weight: 600;
letter-spacing: 0.02em;
transition: all 0.25s;
background: transparent;
color: var(--text-secondary);
white-space: nowrap;
}
.mode-btn.active {
background: var(--accent);
color: #fff;
box-shadow: 0 2px 10px rgbha(97, 175, 239, 0.35);
}
.mode-btn:hover:not(.active) {
color: var(--text);
background: rgba(255, 255, 255, 0.04);

/* BJ7s XUEX I *+/
.visualization-area {
display: flex;
gap: 14px;
flex-wrap: wrap;
}
.viz-panel {
flex: 1;
min-width: 340px;
background: var(--panel-bg);
border-radius: 14px;
border: 1px solid var(--border);
padding: 14px 16px;
display: flex;
flex-direction: column;
gap: 8px;
box-shadow: 0 4px 20px rgba(0, 0, 0, 0.3);
}
.viz-panel .panel-title {
font-size: 0.9rem;
font-weight: 700;
letter-spacing: 0.04em;
color: var(--text);
text-align: center;



text-transform: uppercase;
opacity: 0.85;

}

.canvas-wrapper {
position: relative;
flex: 1;
display: flex;
align-items: center;
justify-content: center;
min-height: 300px;

}

canvas {
display: block;
max-width: 100%;
max-height: 100%;

}

/* Il IR/
.sliders-area {
background: var(--panel-bg);
border-radius: 14px;
border: 1px solid var(--border);
padding: 16px 20px;
display: flex;
flex-wrap: wrap;
gap: 16px;
align-items: flex-end;
box-shadow: 0 4px 20px rgba(0, 0, 0, 0.3);
justify-content: center;
}
.slider-group {
flex: 1;
min-width: 140px;
max-width: 280px;
display: flex;
flex-direction: column;
gap: 4px;
}
.slider-group label {
font-size: 0.8rem;
font-weight: 600;
letter-spacing: 0.03em;
color: var(--text-secondary);
display: flex;



justify-content: space-between;
align-items: baseline;
}
.slider-group label .val {
font-weight: 700;
font-size: 0.95rem;
color: var(--text);
font-variant-numeric: tabular-nums;
font-family: 'SF Mono', 'Consolas’, 'Monaco', 'JetBrains Mono', monospace;
min-width: 70px;
text-align: right;
}
.slider-group label .unit {
font-size: 0.7rem;
color: var(--text-secondaryy);
margin-left: 2px;
font-weight: 400;
}
input[type="range"] {
-webkit-appearance: none;
width: 100%;
height: 8px;
border-radius: 4px;
background: var(--slider-track);
outline: none;
cursor: pointer;
margin: 4px 0;
}
input[type="range"]::-webkit-slider-thumb {
-webkit-appearance: none;
width: 26px;
height: 26px;
border-radius: 50%;
background: #fff;
border: 2px solid var(--accent);
cursor: pointer;
box-shadow: 0 2px 8px rgba(0, 0, 0, 0.35);
transition: transform 0.15s;
}
input[type="range"]::-webkit-slider-thumb:active {
transform: scale(1.15);
}
.slider-color-f {

accent-color: #e06c75;



}

.slider-color-m {
accent-color: #61afef;

}

.slider-color-t {
accent-color: #d19a66;

}

.slider-color-f::-webkit-slider-thumb {
border-color: #e06c75;
background: #ffe0e3;

}

.slider-color-m::-webkit-slider-thumb {
border-color: #61afef;
background: #e0fOff;

}

.slider-color-t::-webkit-slider-thumb {
border-color: #d19a66;
background: #fff3e8;

/* BT AR */
formula-area {
background: var(--panel-bg);
border-radius: 14px;
border: 1px solid var(--border);
padding: 16px 20px;
box-shadow: 0 4px 20px rgba(0, 0, 0, 0.3);
display: flex;
flex-wrap: wrap;
gap: 16px;
}
formula-block {
flex: 1;
min-width: 260px;
background: var(--card-bg);
border-radius: 10px;
padding: 14px 16px;
border: 1px solid var(--border);
}
formula-block h3 {
font-size: 0.85rem;
font-weight: 700;
letter-spacing: 0.04em;
margin-bottom: 8px;



color: var(--accent);
text-transform: uppercase;

}

formula-block .eq {
font-family: 'Georgia', 'Times New Roman', 'STIX Two Math', 'Latin Modern Math',

serif;

font-size: 1rem;
color: var(--text);
padding: 6px 0;
letter-spacing: 0.02em;
line-height: 1.7;

}

formula-block .eq .hl {
color: #e06c75;
font-weight: 700;

}

formula-block .eq .hl2 {
color: #61afef;
font-weight: 700;

}

formula-block .eq .hi3 {
color: #d19a66;
font-weight: 700;

}

formula-block .result-row {
display: flex;
justify-content: space-between;
align-items: center;
padding: 5px 0;
border-bottom: 1px solid rgha(255, 255, 255, 0.05);
font-size: 0.85rem;

}

formula-block .result-row .res-val {
font-weight: 700;
font-family: 'SF Mono', 'Consolas', 'Monaco', monospace;
font-size: 0.9rem;

}

.check-pass {
color: #98c379;

}

.check-fail {
color: #e06c75;

animation: pulse-warn 1.2s ease-in-out infinite;



@keyframes pulse-warn {
0%,
100% {
opacity: 1;
}
50% {
opacity: 0.5;

}
.divider {
width: 1px;
background: var(--border);
flex-shrink: O;
margin: 0 4px;

[* MR *+/
@media (max-width: 900px) {
.visualization-area {
flex-direction: column;

}

viz-panel {
min-width: auto;

}

.sliders-area {
gap: 10px;
padding: 12px;

}

.slider-group {
min-width: 100px;
max-width: none;

}

formula-area {
flex-direction: column;

}

divider {
width: auto;
height: 1px;
margin: 4px 0;

}

}
</style>
</head>

<body>



<div class="main-container">
<l-- PR -->
<div class="header">
<h1>R HAEBHEBMEE « ZHER<S/HL>
<div style="display:flex;align-items:center;gap:10px;flex-wrap:wrap;">
<span class="badge">[AJE#L[H d=50mm</span>
<span class="badge">¥FH ¥ /7 [ 0 ]=160MPa</span>
<div class="mode-switch" id="modeSwitch">
<button class="mode-btn active" data-mode="all">%= %[ # 77 </button>

<button class="mode-btn" data-mode="tension-bend"> i & H &

</button>
<button class="mode-btn" data-mode="bend-torsion"> % i 2 &
</button>
</div>
</div>
</div>

<l-- bJ7: XE >
<div class="visualization-area">
<div class="viz-panel" id="panelLeft">
<div class="panel-title">9® 1432 17~ = E</div>
<div class="canvas-wrapper">
<canvas id="canvasBeam" width="520" height="340"></canvas>
</div>
</div>
<div class="viz-panel" id="panelRight">
<div class="panel-title">Q, 1 ¥ /1434 &l </div>
<div class="canvas-wrapper">
<canvas id="canvasSection" width="420" height="340"></canvas>

</div>
</div>
</div>
<l-- FfA]: ¥EH >

<div class="sliders-area" id="slidersArea">
<div class="slider-group">
<label>@ #Hi /) <span class="val" id="valF">80</span><span
class="unit">kN</span></label>
<input type="range" class="slider-color-f" id="sliderF" min="0" max="200"
value="80" step="1">
</div>
<div class="slider-group">
<label>@ %= 4E <span class="val" id="valM">2.00</span><span
class="unit">kN * m</span></label>



<input type="range" class="slider-color-m" id="sliderM" min="0" max="5"
value="2" step="0.01">
</div>
<div class="slider-group">
<Iabe|>. 4B <span class="val" id="valT">1.50</span><span
class="unit">kN * m</span></label>
<input type="range" class="slider-color-t" id="sliderT" min="0" max="5"
value="1.5" step="0.01">
</div>
<div class="slider-group" style="max-width:180px;">
<label>(O) a8 H I 71 <span class="val"
id="valSigmaAllow">160</span><span class="unit">MPa</span></label>
<input type="range" id="sliderSigmaAllow" min="60" max="300" value="160"
step="5"
style="accent-color:#98c379;">
</div>
</div>

<l- i AKX >
<div class="formula-area" id="formulaArea">
<div class="formula-block" id="formulaBlock1">
<h3>[ 7 B0 AR</h3>
<div class="eq">

IE N f1 & b0 : <span class="hlI"> o (y)</span> = <span
class="hlI2">F/A</span> + <span class="hI3">M ¢ y/I</span><br>
YN 73 CHl# ) : <span class="hI"> T ( p )</span> = <span

class="hI3">T « p [I</span><br>
BN S A=1963.5mm?, W=12272mm? , W<sub>t</sub>=24544mm?
</div>
</div>
<div class="divider"></div>
<div class="formula-block" id="formulaBlock2">
<h3> A\ RN ) & TREERZ</h3>
<div class="eq" id="dangerPointFormula">
S 65 55 (K T T 5) : <span class="hl"> 0 </span>=<span id="dispSigma">-
-</span> MPa,
<span class="hl"> T </span>=<span id="dispTau">--</span> MPa
</div>
<div class="result-row">
<span>3f ZTREFFIL o <sub>r3</sub>= v (0 2+4 T *)</span>
<span class="res-val" id="dispSigmaR3">--</span> MPa
<span id="checkR3" style="font-weight:700;">--</span>
</div>

<div class="result-row">



<span>ZB YRS 0 <sub>rd</sub>= v (0 243 T 2)</span>
<span class="res-val" id="dispSigmaR4">--</span> MPa
<span id="checkR4" style="font-weight:700;">--</span>
</div>
<div class="result-row" style="border-bottom:none;">
<span>fix K1EMW /) 0 <sub>max</sub></span>
<span class="res-val" id="dispSigmaMax">--</span> MPa
<span id="checkSigmaMax" style="font-weight:700;">--</span>
</div>
</div>
<div class="divider"></div>
<div class="formula-block" id="formulaBlock3">
<h3>[ull MR E (RBHE) </h3>
<div class="eq">
PRl : 0 (yo)=0 — <span class="hl">y,</span>= —(F/A) * (/M)
</div>
<div class="result-row">
<span>H IS yo =</span>
<span class="res-val" id="dispNeutralAxis">--</span> mm
</div>
<div class="result-row">
<span>#R A5 d/2 =</span>
<span class="res-val">25.0</span> mm
</div>
<div style="font-size:0.78rem;color:var(--text-secondary);margin-top:6px;">
<span id="neutralNote">--</span>
</div>
</div>
</div>

</div>

<script>

(function() {
/] ============DOM JLH ============
const canvasBeam = document.getElementByld('canvasBeam');
const ctxBeam = canvasBeam.getContext('2d');
const canvasSection = document.getElementByld('canvasSection');
const ctxSection = canvasSection.getContext('2d');

const sliderF = document.getElementByld('sliderF');

const sliderM = document.getElementByld('sliderM’);

const sliderT = document.getElementByld('sliderT');

const sliderSigmaAllow = document.getElementByld('sliderSigmaAllow');
const valF = document.getElementByld('valF');



const valM = document.getElementByld('valM');
const valT = document.getElementByld('valT');
const valSigmaAllow = document.getElementByld('valSigmaAllow');

const modeBtns = document.querySelectorAll('.mode-btn');

N 2 ——
const d =50; // mm

constr=d/2;//25mm

const A=Math.PI *d *d/4;//~1963.5 mm?

const | = Math.PI * Math.pow(d, 4) / 64; // ~306796 mm*

const W = Math.Pl * Math.pow(d, 3) / 32; // ~12272 mm?

const J = Math.Pl * Math.pow(d, 4) / 32; // ~613592 mm*

const Wt = Math.PI * Math.pow(d, 3) / 16; // ~24544 mm?

/] R

let mode ='all'; // 'all' | 'tension-bend' | 'bend-torsion’

let F_kN = parseFloat(sliderF.value); // %l /7 kN

let M_kNm = parseFloat(sliderM.value); // Z%5 kN * m

let T_kNm = parseFloat(sliderTvalue); // #1%5 kN * m

let sigmaAllow = parseFloat(sliderSigmaAllow.value); // ¥ M. /J MPa

[/ FEHE] N AN mm

function getF_N() { return F_kN * 1000; }
function getM_Nmm() { return M_kNm * 1e6; }
function getT_Nmm() { return T_kNm * 1e6; }

Y ) —
function calcStresses() {

const F = getF_N();

const M = getM_Nmm();

const T = getT_Nmm();

/] BJIPE A S IERL )] (MPa)

const sigma_F=F /A; //N/mm> =MPa

/] A IER JI7E y=d/2 &b (MPa)

const sigma_bend_max=M /W, // TiESH N F) CIEZ AR
/] HEEYIN JI4E 0 =d/2 kb (MPa)

const tau_torsion_max =T/ Wt;

/] BRIETES (y=+25mm) [JIEN 7
const sigma_top = sigma_F + sigma_bend_max;
/] BIHJEHE (y=-25mm) FIIER 7

const sigma_bottom = sigma_F - sigma_bend_max;



tau_danger);

tau_danger);

/] TR R GBI TS IA 2% )[R e ORI N ) A K V)8
const sigma_danger = sigma_top;
const tau_danger = tau_torsion_max;

/] SREEFARAH 2N )

const sigma_r3 = Math.sqrt(sigma_danger * sigma_danger + 4 * tau_danger *

const sigma_r4 = Math.sqrt(sigma_danger * sigma_danger + 3 * tau_danger *

/] BORIER 3485 HE

const sigma_max_abs = Math.max(Math.abs(sigma_top),

Math.abs(sigma_bottom));

/) A E (REAHE, MFA0 R
let yO =null; // 5y 4445 (mm), MIELE R
if (Math.abs(M) > 1e-9) {
y0 = -(sigma_F * 1) / (M); // y0 = -(F/A)*(I/M) = -sigma_F * | /M
}
/] WE M=~0, HEE{EE I (2idh, Bt E S

return {
sigma_F,
sigma_bend_mayx,
tau_torsion_max,
sigma_top,
sigma_bottom,
sigma_danger,
tau_danger,
sigma_r3,
sigma_r4,
sigma_max_abs,

SN Y] ——

function drawBeambDiagram() {

const ¢ = ctxBeam;
const w = canvasBeam.width;



const h = canvasBeam.height;
c.clearRect(0, 0, w, h);

const stresses = calcStresses();
const F = stresses.F;

const M = stresses.M;

const T = stresses.T;

// 3D ZFEEZ Y

const beamlen = 280; // 1B % LK E

const beamDia = 55; // B A4 LA HAS

const startX =70;

const startY=h / 2;

const isoAngle = 0.55; // ZERRMRIAE CINEE, 231 )
const cosA = Math.cos(isoAngle);

const sinA = Math.sin(isoAngle);

const endX = startX + beamlen;
const endY = starty;
const wallX = startX - 10;

/] LT

c.fillStyle = '#3a3f4b’;

c.fillRect(wallX - 18, startY - 95, 22, 190);

c.fillStyle = '#4a505c';

c.fillRect(wallX - 14, startY - 85, 14, 170);

/] BRI RIE S0

c.strokeStyle = '#555b68';

c.lineWidth =0.5;

for (leti=-80;i<80;i+=14) {
c.beginPath();
c.moveTo(wallX - 14, startY + i);
c.lineTo(wallX - 2, startY + i + 6);

c.stroke();

/] #1730 [BEAEE

/] TV

c.fillStyle = '#4a5568';

c.strokeStyle = '#7a8699';

c.lineWidth = 2;

c.beginPath();

c.ellipse(endX, endY - beamDia / 2, beamDia /2, beamDia * 0.28, 0, 0, Math.PI
*2);



c.fill();
c.stroke();

/] REAE

const gradBeam = c.createLinearGradient(startX, startY - beamDia / 2, startX,
startY + beamDia / 2);

gradBeam.addColorStop(0, '#6b7d95');

gradBeam.addColorStop(0.35, '#8a9bb5');

gradBeam.addColorStop(0.5, '#9aabc5');

gradBeam.addColorStop(0.65, '#7d8ea8');

gradBeam.addColorStop(1, '#556378');

c.fillStyle = gradBeam;

c.strokeStyle = '#5a6b80';

c.lineWidth = 2;

c.beginPath();

c.moveTo(startX, startY - beamDia / 2);

c.lineTo(endX, endY - beamDia / 2);

c.arc(endX, endY, beamDia / 2, -Math.Pl / 2, Math.Pl / 2, false);

c.lineTo(startX, startY + beamDia / 2);

c.arc(startX, startY, beambDia / 2, Math.P1 / 2, -Math.PI / 2, true);

c.closePath();

cfill();

c.stroke();

/] B EREDGE

c.strokeStyle = 'rgba(255,255,255,0.18)';
c.lineWidth = 1.5;

c.beginPath();

c.moveTo(startX + 8, startY - beamDia / 2 + 8);
c.lineTo(endX - 5, endY - beamDia / 2 + 8);
c.stroke();

/1 T € SR i

cfillStyle = '#2d323b';

c.strokeStyle = '#5a6375";

c.lineWidth = 2;

c.beginPath();

c.moveTo(startX - 6, startY - beamDia /2 - 8);
c.lineTo(startX + 12, startY - beamDia /2 - 8);
c.lineTo(startX + 12, startY + beamDia /2 + 8);
c.lineTo(startX - 6, startY + beamDia / 2 + 8);
c.closePath();

cfill();

c.stroke();



'bend-torsion')) {

/] WEHE R
for (let by = -beamDia / 2 + 10; by <= beamDia /2 - 8; by += 18) {
c.fillStyle = '#1ald23',
c.beginPath();
c.arc(startX + 3, startY + by, 4, 0, Math.Pl * 2);
c.fill();
c.strokeStyle = '#444';
c.lineWidth = 1;
c.stroke();

/] - Bk -
const arrowScale = 1.0;
const freeX = endX;

const freeY = endY;

/] HJ1E Sk OKF, IR0

const fMag = F /1000; // kN

if (fMag > 0.05 && (mode ==="all' | | mode === "tension-bend')) {
const arrowLen = Math.min(90, 20 + fMag * 0.35);
const ax = freeX + 20;
const ay = free;
drawArrow(c, ax, ay, ax + arrowlLen, ay, '#e06c75', 3.5, 10, true);
/] FR%E
c.fillStyle = '#e06c75';
c.font ='bold 13px "PingFang SC","Microsoft YaHei",sans-serif';
c.fillText('F=' + fMag.toFixed(0) + 'kN', ax + arrowLen / 2 - 20, ay - 18);

/] BER D8k GRS, EEF N
const mMag = M_kNm;
if (mMag > 0.005 && (mode ==="all' | | mode === "tension-bend' | | mode ===

const arrowLen = Math.min(80, 15 + mMag * 14);

const mx = freeX + 10;

const my = freeY + beamDia / 2 + 10;

drawArrow(c, mx, my, mx, my + arrowlLen, '#61afef', 3.5, 10, true);
c.fillStyle = '#61afef’,

c.font ="'bold 12px "PingFang SC","Microsoft YaHei",sans-serif';
c.fillText('M="'+ mMag.toFixed(2) + 'kN * m', mx - 40, my + arrowlLen /2 +

/] T (R e



consttMag =T_kNm;
if (tMag > 0.005 && (mode ==="all' | | mode === 'bend-torsion')) {
const tx = freeX - 25;
const ty = freeY - beamDia / 2 - 20;
/] Bk CHIRE R
c.strokeStyle = '#d19a66';
c.lineWidth = 3.5;
c.setLineDash([8, 3]);
c.beginPath();
c.arc(tx, ty, 18, -Math.PI * 0.7, Math.PI * 0.9, false);
c.stroke();
c.setLineDash([]);
/] FitkR
const tipAngle = Math.PI * 0.9;
const tipX = tx + 18 * Math.cos(tipAngle);
const tipY =ty + 18 * Math.sin(tipAngle);
drawSmallArrow(c, tipX, tipY, tipAngle + Math.PI / 2, '#d19a66', 8);
c.fillStyle = '#d19a66';
c.font = 'bold 12px "PingFang SC","Microsoft YaHei",sans-serif';
c.fillText('T="+ tMag.toFixed(2) + 'kN * m', tx - 45, ty - 26);

/] BiEfERg (FEZE PR B ARk D

const secX = startX + beamLen * 0.45;

c.strokeStyle = 'rgba(255,255,200,0.7)";

c.lineWidth =1.5;

c.setLineDash([4, 6]);

c.beginPath();

c.moveTo(secX, startY - beamDia /2 - 6);

c.lineTo(secX, startY + beamDia / 2 + 6);

c.stroke();

c.setLineDash([]);

/] BHIFRAS

c.fillStyle = 'rgba(255,255,200,0.85)";

c.font = '11px "PingFang SC","Microsoft YaHei",sans-serif';
cfillText('#kH A-A', secX - 22, startY - beamDia / 2 - 12);

// B

const legendX = w - 155;

const legendY = 20;

c.fillStyle = 'rgba(0,0,0,0.5)";
c.fillRect(legendX - 8, legendY - 4, 148, 72);
c.strokeStyle = 'rgba(255,255,255,0.2)";
c.lineWidth =1;



c.strokeRect(legendX - 8, legendY - 4, 148, 72);

c.fillStyle = '#e06c75";

c.font = '11px "PingFang SC","Microsoft YaHei",sans-serif';
cfillText('M $7) F($7)', legendX, legendY + 16);
c.fillStyle = '#61afef’;

cfillText('M Z%5 M', legendX, legendY + 36);

c.fillStyle = '#d19a66';

cfillText('M % T, legendX, legendY + 56);

function drawArrow(ctx, x1, y1, x2, y2, color, lineW, headSize, filled) {
const dx = x2 - x1;
constdy =y2 -y1;
const len = Math.sqrt(dx * dx + dy * dy);
if (len < 2) return;
const ux =dx / len;
constuy =dy/len;
const nx = -uy,

const ny = ux;

ctx.strokeStyle = color;
ctx.fillStyle = color;
ctx.lineWidth = lineW;
ctx.lineCap = "round’;
ctx.lineloin = 'round’;

ctx.beginPath();

ctx.moveTo(x1, y1);

ctx.lineTo(x2 - ux * headSize * 0.7, y2 - uy * headSize * 0.7);
ctx.stroke();

/] i kR
ctx.beginPath();
ctx.moveTo(x2, y2);
ctx.lineTo(x2 - ux * headSize + nx * headSize * 0.45, y2 - uy * headSize + ny *
headSize * 0.45);
ctx.lineTo(x2 - ux * headSize - nx * headSize * 0.45, y2 - uy * headSize - ny *
headSize * 0.45);
ctx.closePath();
if (filled) {
ctx.fill();
}else {
ctx.stroke();



function drawSmallArrow(ctx, x, y, angle, color, size) {
ctx.fillStyle = color;
ctx.beginPath();
ctx.moveTo(x + size * Math.cos(angle), y + size * Math.sin(angle));

ctx.lineTo(x + size * 0.4 * Math.cos(angle + 2.5), y + size * 0.4 * Math.sin(angle

+2.5));
ctx.lineTo(x + size * 0.4 * Math.cos(angle - 2.5), y + size * 0.4 * Math.sin(angle
-2.5));
ctx.closePath();
ctx.fill();
}
/—— N {1 U 1 ——

function drawSectionDiagram() {
const ¢ = ctxSection;
const w = canvasSection.width;
const h = canvasSection.height;
c.clearRect(0, 0, w, h);

const stresses = calcStresses();

constcx=w /2 - 10;

constcy=h/2;

const radius = 115; // #IHI A E4E (BRED

/] B SRS
c.strokeStyle = 'rgba(255,255,255,0.04)';
c.lineWidth = 0.5;
for (let gx = cx - radius - 30; gx <= cx + radius + 30; gx += 20) {
c.beginPath();
c.moveTo(gx, cy - radius - 20);
c.lineTo(gx, cy + radius + 20);
c.stroke();
}
for (let gy = cy - radius - 20; gy <= cy + radius + 20; gy += 20) {
c.beginPath();
c.moveTo(cx - radius - 30, gy);
c.lineTo(cx + radius + 30, gy);
c.stroke();

/1 HBBYER X T 1R M B S 7e



c.save();

c.beginPath();

c.arc(cx, cy, radius, 0, Math.Pl * 2);
c.clip();

/] IER I 7

const sigma_top = stresses.sigma_top;

const sigma_bottom = stresses.sigma_bottom;

const absMaxStress = Math.max(Math.abs(sigma_top),

Math.abs(sigma_bottom), 1);

25

/) FEFEEAS (F canvas F y Bl T, TSy /N, JRE y KO
const gradY1 = cy - radius;
const gradY2 = cy + radius;

const grad = c.createlinearGradient(cx, gradY1, cx, gradY2);

/] AEATH FRFE 2 A RORHE (b
const numStops = 40;
for (let i = 0; i <= numStops; i++) {
const frac = i / numStops;
const yPhys = radius - frac * 2 * radius; // Y y AhFr(mm), M+25 F-

const sigmaAtY = stresses.sigma_F + (stresses.sigma_bend_max * yPhys /

const t = absMaxStress > 0.01 ? sigmaAtY / absMaxStress : O;
const color = stressToColor(sigmaAtY, absMaxStress);
grad.addColorStop(frac, color);

}

cfillStyle = grad;

c.fillRect(cx - radius, cy - radius, radius * 2, radius * 2);

/] VIR ARG E R GRED
const tauMax = stresses.tau_torsion_max;
if (tauMax > 0.3 && (mode ==="all' | | mode === 'bend-torsion')) {
const numRings = §;
for (leti=1;i<=numRings; i++) {
const rhoFrac =i / numRings;
const ringR = radius * rhoFrac;
const tauAtRho = tauMax * rhoFrac;
const alpha =0.08 + 0.22 * rhoFrac;
c.strokeStyle = ‘rgba(255,180,80,5{alpha})’;
c.lineWidth =1.8;
c.setLineDash([3, 4]);
c.beginPath();



c.arc(cx, cy, ringR, 0, Math.PI * 2);
c.stroke();
c.setLineDash([]);

}

/] VIR A5 18 /NG Sk R

for (let a=0; a < Math.PI * 2; a += Math.PI / 6) {

Math.sin(arrowAngle));

Math.sin(arrowAngle +

Math.sin(arrowAngle -

const arx = cx + radius * 0.92 * Math.cos(a);

const ary = cy + radius * 0.92 * Math.sin(a);

const arrowAngle = a + Math.Pl / 2; // ¥K[a] Cifimsf4F)

const arrowAlpha = 0.5 + 0.4 * (tauMax / 200);

cfillStyle = ‘rgba(255,160,50,5{Math.min(1,arrowAlpha)})’;
c.beginPath();

consts=7;

c.moveTo(arx + s * Math.cos(arrowAngle), ary + s *

c.lineTo(arx + s * 0.35 * Math.cos(arrowAngle + 2.3),ary +s *0.35 *

2.3));
c.lineTo(arx +s * 0.35 * Math.cos(arrowAngle - 2.3), ary +s * 0.35 *

2.3));
c.closePath();
c.fill();

c.restore();

/] JE A Fe

c.strokeStyle = '#8899bb’;
c.lineWidth = 3;

c.beginPath();

c.arc(cx, cy, radius, 0, Math.PI * 2);
c.stroke();

VRN

c.strokeStyle = 'rgba(255,255,255,0.25)';
c.lineWidth =1;

c.beginPath();

c.arc(cx, cy, radius + 3, 0, Math.PI * 2);
c.stroke();

/] TElat 72k
c.strokeStyle = 'rgba(255,255,255,0.3)';



c.lineWidth =0.8;
c.setLineDash([5, 8]);
c.beginPath();

c.moveTo(cx - radius - 10, cy);
c.lineTo(cx + radius + 10, cy);
c.moveTo(cx, cy - radius - 10);
c.lineTo(cx, cy + radius + 10);
c.stroke();

c.setLineDash([]);

c.fillStyle = 'rgba(255,255,255,0.6)';
c.font = '10px "PingFang SC","Microsoft YaHei",sans-serif';
cfillText('JE L', cx + 6, cy - 6);

/] R (RIS HAE, M0 1)
if (stresses.y0 !== null && Math.abs(stresses.M) > 1e-9) {

const yOPhys = stresses.y0; // mm

const yOClamped = Math.max(-r, Math.min(r, yOPhys));

const yOPx = cy - (yOClamped / r) * radius;

if (Math.abs(yOPhys) <=r +5) {
const yODrawPx = cy - (Math.max(-r - 5, Math.min(r + 5, yOPhys)) / r)

* radius;
c.strokeStyle = '#ffdd57';
c.lineWidth = 2;
c.setLineDash([7, 31);
c.beginPath();
c.moveTo(cx - radius - 10, yODrawPx);
c.lineTo(cx + radius + 10, yODrawPx);
c.stroke();
c.setLineDash([]);
cfillStyle = '#ffdd57";
c.font = 'bold 11px "PingFang SC","Microsoft YaHei",sans-serif’;
cfillText(' /45l yo=" + yOPhys.toFixed(1) + 'mm’, cx - radius - 8,
yODrawPx - 7);

/] faRs bR R TR I %)

const dangerX = cx;

const dangerY = cy - radius;

const pulse = 0.5 + 0.5 * Math.sin(Date.now() / 400);

/] JER: RURCROR
const glowGrad = c.createRadialGradient(dangerX, dangerY, 4, dangerX,
dangery, 22);



glowGrad.addColorStop(0, ‘rgba(255,80,80,5{0.8*pulse+0.4})’);
glowGrad.addColorStop(1, 'rgba(255,80,80,0)');

c.fillStyle = glowGrad;

c.beginPath();

c.arc(dangerX, dangerY, 22, 0, Math.P| * 2);

cfill();

/A S A= I |

c.fillStyle = '#ff4444",

c.strokeStyle = "#fff';

c.lineWidth = 2.5;

c.beginPath();

c.arc(dangerX, dangerY, 6, 0, Math.Pl * 2);
cfill();

c.stroke();

/] G mbRAE

cfillStyle = '#fff';

c.font = 'bold 12px "PingFang SC","Microsoft YaHei",sans-serif';
const labelText = "AfG [ f5';

c.fillText(labelText, dangerX + 14, dangerY - 4);

/] SER: N PRZS N TTk

const unitX = dangerX + 55;

const unitY = dangerY - 30;

const unitSize = 22;

drawStressElement(c, unitX, unitY, unitSize, stresses.sigma_danger,
stresses.tau_danger);

/] JEEBfE RS AL (bR, FIE T TO0S 5 e )
const dangerX2 = cx;
const dangerY2 = cy + radius;
if (Math.abs(stresses.sigma_bottom) > 5 || stresses.tau_danger > 5) {
c.fillStyle = 'rgha(255,140,80,0.7)';
c.strokeStyle = 'rgba(255,255,255,0.6)';
c.lineWidth = 2;
c.beginPath();
c.arc(dangerX2, dangerY2, 5, 0, Math.PI * 2);
c.fill();
c.stroke();
c.fillStyle = 'rgba(255,255,255,0.8)';
c.font = '10px "PingFang SC","Microsoft YaHei",sans-serif';
c.fillText(' 0 ="+ stresses.sigma_bottom.toFixed(1) + 'MPa’, dangerX2 + 10,
dangerY2 + 4);



r);

+10);

/] IEER i Aifeasc CAID
const barX = cx + radius + 42;
const barW = 18;
const barH = radius * 2;
const barY = cy - radius;
const barGrad = c.createlinearGradient(barX, barY, barX, barY + barH);
for (leti=0;i <= numStops; i++) {
const frac = i / numStops;
constyPhys =r-frac*2 *r;
const sigmaAtY = stresses.sigma_F + (stresses.sigma_bend_max * yPhys /

barGrad.addColorStop(frac, stressToColor(sigmaAtY, absMaxStress));
}
c.fillStyle = barGrad,;
c.fillRect(barX, barY, barW, barH);
c.strokeStyle = '#8899bb’;
c.lineWidth = 1.5;
c.strokeRect(barX, barY, barW, barH);
/] PRk
cfillStyle = "#fff',
c.font = 'bold 10px "PingFang SC","Microsoft YaHei",sans-serif';
cfillText(' o ', barX + barW / 2 - 5, barY - 8);
cfillText('$ii', barX + barW + 4, barY + 14);
cfillText('J%', barX + barW + 4, barY + barH - 4);
c.fillText('+', barX + barW / 2 - 2, barY + barH / 2 - 2);
/] ZIE
c.fillStyle = 'rgba(255,255,255,0.6)';
c.font = '9px "PingFang SC","Microsoft YaHei",sans-serif";
c.fillText((sigma_top >0 ? '+':") + sigma_top.toFixed(1), barX + barW + 3, barY

c.fillText((sigma_bottom >0 ? '+' : ") + sigma_bottom.toFixed(1), barX + barw

+ 3, barY + barH - 3);

/] PR

c.fillStyle = 'rgba(255,255,255,0.5)';

c.font = '10px "PingFang SC","Microsoft YaHei",sans-serif';
c.fillText('1E M. /34347, cx - 30, cy - radius - 16);

function stressToColor(sigma, absMax) {

/] BN JEM B RN A, R DR, BN A6
if (absMax < 0.01) return 'rgba(255,255,255,0.9)";



const t = Math.max(-1, Math.min(1, sigma / absMax));
if (t>0){
/] FiRT): EE R~ TRAL
const r = 255;
const g = Math.round(255 - t * 200);
const b = Math.round(255 - t * 220);
return ‘rgb(${r},5{g},5{b})’;
telseif (t<0){
/] BN Bt R
const absT = Math.abs(t);
const r = Math.round(255 - absT * 220);
const g = Math.round(255 - absT * 180);
const b = 255;
return ‘rgb(${r},5{g},5{b})’;
}else {
return 'rgba(255,255,255,0.9)';

function drawStressElement(ctx, cx, cy, size, sigma, tau) {
VA IV ST N
const s = size;
const hw =s;
const hh =s;

/] FRITIRE 5

ctx.fillStyle = 'rgba(20,22,28,0.85)";
ctx.strokeStyle = 'rgba(255,255,255,0.6)';
ctx.lineWidth = 1.5;

ctx.fillRect(cx - hw, cy - hh, hw * 2, hh * 2);
ctx.strokeRect(cx - hw, cy - hh, hw * 2, hh * 2);

/] IERDIF R (EETTIAD
if (Math.abs(sigma) > 0.5) {
const sigmaDir =sigma >07?-1:1;// fiN w4, JERN A
/] ETRITIRIIIE N /)
drawStressArrow(ctx, cx, cy - hh, cx, cy - hh - 10, sigma >0 ? 'up' : 'down’,
'#e06c75');
drawStressArrow(ctx, cx, cy + hh, cx, cy + hh + 10, sigma >0 ? 'down': 'up’,
'#e06¢75');

/] VIR ik OKFI7H), £ L TFiA%0
if (Math.abs(tau) > 0.3) {



const tauDir =tau >0 ? 'right' : 'left’;
drawStressArrow(ctx, cx - hw, cy - hh, cx - hw - 8, cy - hh, tauDir, '#d19a66');
drawStressArrow(ctx, cx + hw, cy - hh, cx + hw + 8, cy - hh, tauDir ===

right' ? 'left' : 'right',

'left' : 'right’,
'#d19a66');
0.6);

0.6);

'#d19a66');
drawStressArrow(ctx, cx - hw, cy + hh, cx - hw - 8, cy + hh, tauDir === "right' ?

'#d19a66');
drawStressArrow(ctx, cx + hw, cy + hh, cx + hw + 8, cy + hh, tauDir,

/] W5

ctx.fillStyle = "#fff';

ctx.font = 'bold 11px "PingFang SC","Microsoft YaHei",sans-serif';
ctx.fillText(' 0 =' + sigma.toFixed(1), cx - hw - 6, cy - hh - 14);
ctx.fillText(' T =" + tau.toFixed(1), cx - hw - 6, cy + hh + 20);

function drawStressArrow(ctx, x1, y1, x2, y2, direction, color) {

ctx.strokeStyle = color;

ctx.fillStyle = color;

ctx.lineWidth = 2;

ctx.lineCap ="round’;

ctx.beginPath();

ctx.moveTo(x1, y1);

ctx.lineTo(x2, y2);

ctx.stroke();

/] NHETRR

const dx = x2 - x1;

constdy =y2 -y1;

const len = Math.sqrt(dx * dx + dy * dy);
if (len < 1) return;

const ux =dx/ len;

constuy =dy/ len;

const tipSize = 5;

ctx.beginPath();

ctx.moveTo(x2, y2);

ctx.lineTo(x2 - ux * tipSize + uy * tipSize * 0.6, y2 - uy * tipSize - ux * tipSize *

ctx.lineTo(x2 - ux * tipSize - uy * tipSize * 0.6, y2 - uy * tipSize + ux * tipSize *

ctx.closePath();
ctx.fill();



| ======zzz== EHARGR ==mmzmsmm==s
function updateFormulaDisplay() {
const stresses = calcStresses();
document.getElementByld('dispSigma').textContent =
stresses.sigma_danger.toFixed(2);
document.getElementByld('dispTau').textContent =
stresses.tau_danger.toFixed(2);
document.getElementByld('dispSigmaR3').textContent =
stresses.sigma_r3.toFixed(2);
document.getElementByld('dispSigmaR4').textContent =
stresses.sigma_r4.toFixed(2);
document.getElementByld('dispSigmaMax').textContent =

stresses.sigma_max_abs.toFixed(2);

/] HPtE A
if (stresses.y0 !== null && Math.abs(stresses.M) > 1e-9) {
document.getElementByld('dispNeutralAxis').textContent =
stresses.y0.toFixed(2);
if (Math.abs(stresses.y0) <=r) {
document.getElementByld('neutralNote').textContent =
RV ah o= A T 15 AN A
document.getElementByld('neutralNote').style.color = '#ffdd57';
}else {
document.getElementByld('neutralNote').textContent =

R AL, BN F S (4252 + (stresses.y0>0? !

E R+ G
document.getElementByld('neutralNote').style.color = '#8b95a8’;
}

} else if (Math.abs(stresses.M) < 1e-9) {
document.getElementByld('dispNeutralAxis').textContent = 'eo (5725 Hff )
document.getElementByld('neutralNote').textContent = "4l J) R4, 1E

RIS

document.getElementByld('neutralNote').style.color = '#8b95a8';
}else {
document.getElementByld('dispNeutralAxis').textContent =
stresses.y0 !==null ? stresses.y0.toFixed(
2) -

/] SRR

const checkElem = (id, value, allow) => {



const el = document.getElementByld(id);
if (value <= allow) {
el.textContent ="'V %4
el.className = 'check-pass';
}else {
el.textContent ='X AR
el.className = 'check-fail';

2

checkElem('checkR3', stresses.sigma_r3, sigmaAllow);
checkElem('checkR4', stresses.sigma_r4, sigmaAllow);
checkElem('checkSigmaMax', stresses.sigma_max_abs, sigmaAllow);

/] S ER A X B BUE
document.getElementByld('dangerPointFormula').innerHTML =
"l Fe s (B THI TW OB ) ¢ <span class="hl"> 0 </span>=<span
id="dispSigma">' + stresses.sigma_danger.toFixed(
2) +'</span> MPa, ' +

'<span class="hl"> T </span>=<span id="dispTau">' +
stresses.tau_danger.toFixed(2) + '</span> MPa';
}

function render() {

drawBeamDiagram();

drawSectionDiagram();

updateFormulaDisplay();

requestAnimationFrame(() => {
/] AXAEAT B R SRR EETE G E R bk
if (document.hidden) return;
/] B 3 WU E — R B (RO ka3 D

1;

let animFrameld;
let frameCount = 0;

function animateLoop() {
frameCount++;
if (frameCount % 4 === 0) {
drawSectionDiagram();
}
if (frameCount % 8 === 0) {
drawBeamDiagram();



}

if (frameCount % 6 === 0) {
updateFormulaDisplay();

}

animFrameld = requestAnimationFrame(animatelLoop);

function fullRender() {
drawBeamDiagram();
drawSectionDiagram();
updateFormulaDisplay();

function onSliderChange() {
F_kN = parseFloat(sliderF.value);
M_kNm = parseFloat(sliderM.value);
T_kNm = parseFloat(sliderT.value);
sigmaAllow = parseFloat(sliderSigmaAllow.value);

valF.textContent = F_kN.toFixed(0);
valM.textContent = M_kNm.toFixed(2);
valT.textContent = T_kNm.toFixed(2);
valSigmaAllow.textContent = sigmaAllow.toFixed(0);

fullRender();

sliderF.addEventListener('input', onSliderChange);

sliderM.addEventListener('input', onSliderChange);
sliderT.addEventListener('input’, onSliderChange);

sliderSigmaAllow.addEventListener('input’, onSliderChange);

/] B
modeBtns.forEach(btn => {
btn.addEventListener('click’, function() {

modeBtns.forEach(b => b.classList.remove('active'));

this.classList.add('active');
mode = this.dataset.mode;

/] TR PEAE I e B

if (mode === "tension-bend') {
sliderT.value = 0;
T_kNm =0;



valT.textContent = '0.00';
sliderT.disabled = true;
sliderF.disabled = false;
sliderM.disabled = false;
sliderT.style.opacity = '0.35';
sliderF.style.opacity = '1";
sliderM.style.opacity = '1";

} else if (mode === 'bend-torsion') {
sliderF.value = 0;
F_kN=0;
valF.textContent ='0';
sliderF.disabled = true;
sliderT.disabled = false;
sliderM.disabled = false;
sliderF.style.opacity = '0.35";
sliderT.style.opacity = '1";
sliderM.style.opacity = '1";

}else {
sliderF.disabled = false;
sliderM.disabled = false;
sliderT.disabled = false;
sliderF.style.opacity = '1";
sliderM.style.opacity = '1";
sliderT.style.opacity = '1";
/] BRI
if (parseFloat(sliderF.value) < 1) sliderF.value = 80;
if (parseFloat(sliderT.value) < 0.01) sliderT.value = 1.5;
F_kN = parseFloat(sliderF.value);
T_kNm = parseFloat(sliderT.value);
valF.textContent = F_kN.toFixed(0);
valT.textContent = T_kNm.toFixed(2);

}

M_kNm = parseFloat(sliderM.value);

valM.textContent = M_kNm.toFixed(2);

sigmaAllow = parseFloat(sliderSigmaAllow.value);

fullRender();

1
1;

/] ¥itatk

function init() {
valF.textContent = F_kN.toFixed(0);
valM.textContent = M_kNm.toFixed(2);
valT.textContent = T_kNm.toFixed(2);



valSigmaAllow.textContent = sigmaAllow.toFixed(0);
fullRender();

animFrameld = requestAnimationFrame(animatelLoop);

/] TUTH AT WA AR AL I b 2 2
document.addEventListener('visibilitychange', () => {
if (document.hidden) {
if (animFrameld) cancelAnimationFrame(animFrameld);
}else {
frameCount = 0;
animFrameld = requestAnimationFrame(animatelLoop);

B;

/] & RN A I H T G
window.addEventListener('resize’, () => {

fullRender();
1;

init();

console.log('B # ¥l 1% - WAL B INFEFAS H iR O,
console.log( (O BEJE#EH d=50mm | A=' + A.toFixed(1) + 'mm? | W='+

W.toFixed(0) + 'mm?® | W_t='+ Wt.toFixed(

0) + 'mm?");
console.log(' @ %hJJ F:0~200kN (357 1ER 17)");
console.log(' @ Z5%E M:0~5kN » m (25 IER 1, 2R A));
console.log(" @ F1%H T:0~5kN « m (FHEEVIR /), 4210140 47)");
console.log(' [ fEfri: #HTGRIAZ QEN S+UIN 155K );
console.log(' N FREFEIL: H=SREFIE o _r3=v(o2+412)| HIGRE

HIR o _r4=v(02+4312));

T )
N;
</script>
</body>
</html>

console.log(' (@ EzhigHesgimt MBI AL | SRR /A A8 =



